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COBPEMEHHBIE ITPOBJIEMBI A/ICOPEIIUN
(x 110-1emuio co ona poocoenus M.M. [Jyoununa)
Marepuanst XI MexnynapoaHoit konpepenmu, 24-28 okraodps 2011 r., Mocksa, Poccus

B cOopuuke npexncrasiaensl Matepuansl X1 Mesxaynaponuoit kondepenunn « CoBpeMeHHbIE MPOOIeMbl
agcopOunmy», nocesueHHoN 110-1eTHI0 co HS POXKACHUS BBIAIOLIETOCS POCCUICKOro (M3MKO-XMMHKA aKaJe-
muka M.M. JlyOunuHa, BHecuiero GONbIION BKJIAJ B pa3BUTHE HayKH 00 aJcOpOILMOHHBIX sBICHHsX. PaGoTh
OTPAXKAIOT IOCIEIHIE TOCTIXCHUS B 00JIACTH TCOPHH aICOPOLMH, COCTOSHUIT a1COPOLIMOHHBIX CHCTEM, CHHTE3a,
U3y4CHHS CBOWCTB M IPUMCHEHHS HOBBIX YIJICPOIHBIX 1 MHHEPAIBHBIX a/ICOPOCHTOB, IEOIUTOB, KOMIO3UTHBIX
MaTepHaoB C HCIONb30BaHNEM (YILIEPEHOB H HAHOTPYOOK, afCOPOCHTOB JUIS PA3INYHBIX OTPACIIEH IMPOMBIII-
JICHHOCTH, NPOOJIEM 3KOJIOTHI ¥ MEIUIIMHBI.

OO6cyskIaroTesl pe3yabTaThl KOMITBIOTEPHOTO MOJICMPOBAHMS aJCOPOIMOHHEIX TPOIIECCOB, Pa3pabOTKH
(heHOMEHONOTHYECKNX MOXO0M0B U TEOPETHIECKHX KOHILEMIMH afcopOIny NHAMBHAYATbHBIX BEIIECTB M CMe-
ceif, IIPOLIECCOB CaMOOPraHM3aluy U (a30BBIX MEPEXOJ0B B afcopOare. PaccMOTpeHBI METO/IbI aHAIM3A TOPHC-
TOM CTPYKTYpPBI aICOPOEHTOB, COCTOSIHUS aICOPOMPOBAHHOrO BEIIECTBA, OCOOEHHOCTEH MOIEKYIAPHON T dy-
3MH B IIOPAaX M Ha MOBEPXHOCTH, YUCIECHHOTO MOJIEIUPOBAHUS aCOPOLMOHHBIX MpoleccoB. PaccMoTpeHs! mpo-
6J1eMbl KMHETHKH M JIMHAMUKH aJICOPOLUM B PA3IMYHBIX YCIOBHSX, HCHHEPTHOCTH aJICOPOCHTOB, Pe3yIbTaThl-
pacyeToB MapamMeTpoOB aJCOPOIMOHHBIX IIPOIECCOB M TEPMOIMHAMUYECCKUX XapaKTEPHCTHK aiCOPOINH, B TOM
qucIie B 0011aCTH BBICOKHX JaBJICHHH.

IIpuBeneHHBIE B TE3UCAX PE3YNBTAThl NIPEACTABIAIOT HHTEPEC I IUPOKOTO KPyra XUMHUKOB, (PHU3HKOB,
MHKEHEPOB- PaOOTHUKOB HAy4YHO-HCCIIE0BATENECKAX MHCTHTYTOB U BY30B, aCIHPAHTOB U CTYJEHTOB, pabo-
TAIOIWKUX B OOJACTH M3Y4eHUs U TPUMEHEHHs aJCOPOLMOHHBIX SBICHMI, CHHTE3a aJACOPOEHTOB, MOPUCTHIX
(DYHKIMOHANBHBIX MATEPUAIIOB, Pa3pabOTKH HOBBIX aCOPOLIMOHHBIX TEXHOIOTHA.

XI Meskrynapoisasi KoH(pepeHIus IpoBoguTes npu GuHAHCOBOI mojiepskke Poccuiickoro donna dyH-
JlaMeHTalIbHBIX uccieoBanuid. IIpoext Ne 11-03-06063.

OTBETCTBEHHBIE 32 BBITYCK:

Axanemuk A YO. IluBanse, TokTop QU3MKO-MaTeMaTHYECKUX HayK A.A. POMKHH, KaHAUIAT XMMUYCCKUX HAYK
I'.A. TleryxoBa, kaHauaaT Gpusnko-maTemMaTndecknx Hayk E.B. Xo3nna

© VYupexnenne Poccniickoii akagemnn Hayk MHCTUTYT ¢usndecKoit XuMun 1 anekTpoxumun uM. A H. ®pym-
kuHa PAH

MODERN PROBLEMS OF ADSORPTION
(devoted to 110 anniversary of M.M. Dubinin)
Materials of XI International conference, 24-28 October, 2011, Moscow, Russia

The book collected the materials of XI International conference “Modern problems of adsorption” devoted to
110 anniversary of prominent Russian physic-chemist academician M.M. Dubinin who made a great contribu-
tion into development of science of adsorption phenomena. The works cover the recent achievements in the field
of the adsorption theory, investigations of the state of adsorption systems, synthesis, behaviours and applications
of new of novel carbon and mineral adsoprbents, zeolytes, composite materials used fullerenes and nanotubes,
adsorbents for different applications in industy, ecology and medicine.
The results of computer modeling of adsorption processes, development of phenomenological approaches and
theoretical concepts of adsorption of individual substances and mixtures, self-organization and phase transitions
in adsorbates are discussed. The methods of analysis of porous structure of adsorbents, state of adsorbed species,
features of molecular diffusion in pores and on the surface, numerical simulations of adsorption processes are
considered. The problems of kinetics and dynamic of adsorption in different conditions, non-inertness of adsor-
bents, results of calculations of parameters of adsorption processes and thermodynamics characteristics, includ-
ing the range of high pressures are discussed.

The materials presented are of interest for the broad sections of chemists, physicists, engineers, research-
ers from institutes, universities, students and postgraduate students working in the field of investigations and
application adsorption phenomena, sysnthesis of adsorbents, porous functional materials, development of new
adsorption technologies.

XI International conference is supported by Russian Foundation of Basic Researches, Project No 11-03-
06063.
Responsible for edition:
Academician A.Yu. Tsivadze, Doctor of Science (Phys.-math) A.A. Fomkin, Candidate of science (Chemistry)
G.A. Petukhova, Candidate of science (Phys.-math) E.V. Khozina
© Institution of Russian Academy of Science A.N. Frumkin Institute of Physical Chemistry and Electrochemi-
stry of RAS






Mmuxaunn Muxaiinosuy Jlyounun
(1901 -2011)

Y4eHblil ¢ MUPOBBIM MMEHEM, BBIIAIOIIMNCS (HU3UKO-XUMHK, OPTaHU3aTOp HayKH, Iie-
Jaror U OOIEeCTBeHHBIN Aestenb, [epoit Coummanucriuueckoro Tpyma, akagemuk Muxani
Muxaiinosuy Jlyounun poauics 1-ro saBaps 1901 roga. B 2011 rogy ormeuaercst 110 - ne-
THE CcO ero AHA poxkaeHuA. Ha nporsbkeHnn MHOTUX jeT M.M. lyOnanH paboran Ha pas3imnd-
HBIX JIOJDKHOCTSAX, B TOM YHCIIE SIBJSUICS PYKOBOJMTENIEM Ja00paTOPUM XUMUYECKON 3allUThI,
npenonasaresieM MBTY um. H.D. Baymana, BoeHHoll akajeMun XMMHYECKOH 3alluThl. B
1943 rony M.M. ly6unun 6bu1 n30paH AeficTBUTeNbHBIM wieHOM Akanemun Hayk CCCP.

M.M. Jly6unnn — naypear nsyx Cramuuckux npemuit (1942 u 1950 rr.) 3a Hay4HBIC
JIOCTIKECHUSI B 00JIaCTH (PM3MUYECKOH XMMHUH, aICcOpOLUH, CTPYKTYP COpPOCHTOB, IPOTHBOXH-
MHYECKO#1 3a1uThl Bolick COBETCKOI apMUH.

B 1946 rony 8 U®X AH CCCP moj ero pykoBoicTBOM Oblia co3zgana Jlaboparopus
copOuoHHBIX mpoueccoB. M.M. JIyOMHUH BO3IJIaBWIJI HCCICIOBAHMS MO TEPMOIMHAMHUKE,
KUHETHKE, IUHAMUKE COPOLMOHHBIX MPOLECCOB M CTPYKType copbenToB. MM Obuta cozmaHa
HIMPOKO M3BecTHAst B Poccun u 3a pyOeskom Teopust 00beMHOr0 3aroNHEeHHs MUKPOIIOp, yC-
MIEITHO IPUMEHsieMasi ISl PeIICHNs] Pa3HOOOPa3HBIX HAYyYHBIX U MPAKTHYECKUX 3a]ad B IIPO-
eccax aJCcopOLMOHHOTO B3aMMOJICHCTBUS BEIIECTB C IMOBEPXHOCTHIO TBEpABIX Tel. M.M.
JyOounuH Hay4yHO OOOCHOBANI M MPEUIOKHI PALHOHAIBHYIO Kilaccu(HUKALHUIO aacopOeHTOB
MO0 CTPYKTYpHBIM THIaM. [IpeioxkeHHas UM kiaccudukanus npunsta B 1972 r. MexayHa-
POIHBIM COFO30M IO YKCTOH U npukiaagHoit xumun (IUPAC).

M.M. JlyOMHMH OTHZaBaJl MHOTO CHJI M DHEPrUM IeJaroruyeckod, Hay4dHo-
OpraHU3aMOHHON U 00mecTBeHHOI pabore. Vim 6but0 mororosneno 6onee 100 kaHAMAAaTOB
HayK. OH ObUT pyKOBOJMTENIEM U KOHCYIbTaHTOM Ooiiee 30 JOKTOPOB HayK.

ITo unnimatuee M.M. lyoununa npu Ilpesunuyme AH CCCP 0bina cozgana Komuc-
cHsl TI0 IIe0JIUTaM, Ipeodpa3oBaHHas 3aTeM B HaydHBIN COBET 1O CHHTE3Y, H3yUCHUIO U IIPH-
menennto agcopbertoB AH CCCP, koTOpblii KOOpAMHHPOBAI BCHO HAYYHYIO U TNPaKTHUe-
CKyI0 paboTy mo agcopOuuu u agcopOeHtam B ctpane. Kak yuensnii, M.M. JlyOuHuH OTIIH-
4aJICcsl BBICOKOH 3pyIMINeH, TITyOOKMMHY 3HAHHUSMH, UCKIIOUUTEIBHBIM TPYyI0I00HeM, pabo-
TOCIOCOOHOCTBIO, NPHHIMITMAIBLHOCTBIO B COYETAHUH ¢ HEM3MEHHOH 100p0KeNaTeIbHOCTHIO.
JKuznennstit myte M. M. JlyOunnHa siBisieT co0OH SIpKUI IPUMEP CaMOOTBEP>KEHHOTO CIIy-
JKSHHsl HayKe U OOIIECTBY.

M.M. [ly6unun yiien u3 xu3nu 13 wronst 1993 roga. Co3naHHass UM HaydHas IIKOJIA
MPOJODKAET PAa3BUBATLCS, U €0 MHOTOYHMCIICHHbIE YYEHMKU U MOCIEI0BATEIN HE TOJIBKO B
Poccun, HO ¥ BO BCeM MHpE MPOAOIDKAIOT 1ei0, KoTopomy M.M. JlyOWHHUH MOCBSTHI BCIO
CBOIO XKH3Hb.

A.JO. usaose, A.A. Domkun



MIKHAIL MIKHAILOVICH DUBININ
(1901 — 2011)

Academician Mikhail Mikhailovich Dubinin, the scientist with a world-wide name,
outstanding physic-chemist, organizer of science, teacher and public figure, the Hero of So-
cialist labour, was born on the 1 of January 1901. In 2011 his 110" anniversary is celebrated.
For many years M.M. Dubinin had been working as a professor of Bauman High Technical
School, a head of the laboratory of chemical protection in Military Academy of chemical pro-
tection. In 1943 M.M. Dubinin was elected as a full member of USSR Academy of Science.

M.M. Dubinin was a twice winner of Stalin’s prize (1942 and 1950) for scientific
achievements in the area of physical chemistry, adsorption, adsorbent structure, and anti-gas
protection of the troops of Soviet Army.

In 1946 a laboratory of sorption processes was created under his supervision in the In-
stitute of Physics Chemistry of Academy of Science of USSR. M.M. Dubinin was leader of
the investigations on thermodynamics, kinetics, dynamics of sorption processes and adsorbent
structure. He was the author of the theory of micropores volume filling that is well known in
Russia and abroad and successfully applied for solving the various scientific and practical
problems in the area of adsorption interactions of the substances with solid surface. M.M.
Dubinin gave scientific proofs for a rational classification of adsorbents on structural types. In
1972 the classification proposed by M.M. Dubinin was adopted by International Union of
Pure and Applied Chemistry (IUPAC).

M.M. Dubinin devoted himself to educational, science organization and public activities.
He trained more than 100 Candidates of Science. He was a supervisor and consultant of more
than 30 Doctors of Science.

On M.M. Dubinin’s initiative Zeolyte committee was created under Presidium of Acad-
emy of Science of USSR transformated into Scientific Councel of synthesis, invesdtigation
and application of adsorbents USSR Academy of Science that coordinated all scientific and
practical work on adsorption in the country. As a scientist, M.M. Dubinin was notable for
great knowledge, exceptional hard working, efficiency, adherence to his principles in aggre-
gate with invariable benevolence. M.M. Dubinin life is an example of selfless survice to
science and people.

M.M. Dubini was gone on 13" July of 1993. The scientific school created by him con-
tinues to develop, his numerous pupiles and followers in Russia and abroad go on the work to
which M.M. Dubinin devoted all his life.

A.Yu. Tsivadze, A.A. Fomkin



RECENT DEVELOPMENTS IN THE CHARACTERIZATION OF CARBONS USED
IN SUPERCAPACITORS

F. Stoeckli
Physics Department, Neuchatel University, Switzerland
Fritz.Stoeckli@unine.ch

Carbon-based supercapacitors are promising devices for the storage and the fast release of
electricity and therefore the characterization of the carbons is of great importance. The capa-
citances, which can be as high as 300 F g, are essentially a surface-related effect characte-
rized by the formation of an electrical double layer. This means that reliable interpretations
and predictions depend on the determination of the surface area S available to the ions of the
electrolyte.

Most authors use Sggr, but it has been shown recently that S,,, the average of independent de-
terminations is more reliable [1]. On the left, their correlation. On the right, the capacitances
C/Sger(0) and C/S,.(m) for (C2Hs)sNBF, in acetonitrile [2,3], as a function of the pore width
Lo.

25 0.15
- l\IIA I‘\
E
21 8 L s
g 4 \
[ o 2 011 = = ’\—"'—'—-'—-'—-'1‘—'! ''''' .-
[ =z . [ ]
b 2o < "t
@ 5] 0
;' ahy 5 A
L .
? DD”% W 0.05 | ga oo
s
0oL :
og® O
l. L ]
Om
g
05 ‘ ‘ , ‘ 0 "
05 08 11 14 17 05 1 15 2
Lo (nm) Lo (nm)

C/Say does not depend on the pore width L,, as opposed to C/Sggr and also reported for car-
bide-based carbons [4]. This also applies to aqueous electrolytes (e.g. 2M H,SO4 and 6M
KOH) and it has important consequences for the design of supercapacitors. It implies a de-
crease of the relative permittivity &, in small pores, due to progressive desolvation.

REFERENCES
[1] T.A. Centeno, F. Stoeckli, Carbon 48 (2010) 2478-2486.
[2] T.A. Centeno and F. Stoeckli, Phys. Chem. Chem. Phys. 13 (2011)
12404-12406.
[3] T.A. Centeno, F. Stoeckli, Electrochimica Acta 2011 (in press)
[4] J. Chmiola et al., Science, 313 (2006) 1760-1763.



ASSESSING GUEST DIFFUSION IN NANOPOROUS HOST SYSTEMS
BY MICROSCOPIC EXPERIMENTS

Jorg Karger
Leipzig University, Department of Interface Physics
Linnéstrafle 5, 04103 Leipzig, Germany
kaerger@physik.uni-leipzig.de

As an omnipresent phenomenon in nature, diffusion is among the rate-determining processes
in many technological processes. This is in particular true for mass separation and catalytic
conversion in nanoporous materials [1]. The talk illustrates the possibilities of exploring dif-
fusion phenomena overmicroscopic dimensions in such media by direct experimental obser-
vation and provides some recent findings of such studies [2].

By monitoring the probability distribution of molecular displacements as a function of time,
the pulsed field gradient technique of NMR (PFG NMR) records the rate of molecular re-
distribution [3.,4]. By varying the observation time, PFG NMR is thus able to trace even hie-
rarchies of transport resistances as occurring, e.g., in catalyst particles in the form of binder-
compacted assemblages of zeolite crystallites [5].

Alternatively, and complementary to this information, interference microscopy (IFM) and IR
microscopy (IRM) are able to follow the evolution of intracrystalline concentration profiles
during uptake and release [6,7]. This allows, in particular, an accurate quantification of the
transport resistances on the surface of the individual crystallites [8—10]. Simultaneously, mea-
surements of this type provide the probability that reactant molecules from the gas phase,
upon colliding with the external surface, are able to penetrate through such ‘surface barriers”’
into the crystal bulk phase [11,7], as an equivalent to the sticking coefficient of molecules on
metal surfaces [12].

REFERENCES
[1] J. Kérger, D.M. Ruthven, and D.N. Theodorou, Diffusion in zeolites and other micro-
porous solids, Wiley - VCH, Weinheim, 2012.

[2] C. Chmelik, and J. Kérger, Chem. Soc. Rev. 39 (2010) 4864-4884.
[31 J. Karger, diffusion-fundamentals.org 14 (2010) 1, pp 1-22.

[4] R. Valiullin, S. Naumov, P. Galvosas, J. Kérger, H.J. Woo, F. Porcheron, and P.A.
Monson, Nature 430 (2006) 965-968.

[5] P. Kortunov, S. Vasenkov, J. Kdrger, R. Valiullin, P. Gottschalk, M.F. Elia, M. Perez,
M. Stocker, B. Drescher, G. McElhiney, C. Berger, R. Gliser, and J. Weitkamp, J. Am.
Chem. Soc. 127 (2005) 13055-13059.

[6] L. Heinke, C. Chmelik, P. Kortunov, D.M. Ruthven, D.B. Shah, S. Vasenkov, and J.
Karger, Chem. Eng. Technol. 30 (2007) 995-1002.

[71 C. Chmelik, L. Heinke, P. Kortunov, J. Li, D. Olson, D. Tzoulaki, J. Weitkamp, and J.
Karger, Chem. Phys. Chem. 10 (2009) 2623-2627.

[8] F. Hibbe, C. Chmelik, L. Heinke, J. Li, D.M. Ruthven, D. Tzoulaki, and J. Kérger, J.
Am. Chem. Soc. 133 (2011) 2804-2807.

9] L. Heinke, and J. Kérger, Phys. Rev. Lett. 106 (2011) 74501.
10] D.S. Sholl, Nature Chemistry 3 (2011) 429—430.
11] L. Heinke, P. Kortunov, D. Tzoulaki, and J. Kérger, Phys. Rev. Lett. 99 (2007) 228301.

12] H.J. Freund, in: G. Ertl, H. Knézinger, F. Schiith, J. Weitkamp (Eds.), III, Handbook of
HeterogeneousCatalysis, 2nd Edition, Wiley-VCH, Weinheim, 2008, pp. 1375-1415.
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XUMHMYECKHUE NIOTEHIHUAJIBI U YPABHEHHUE COCTOAHUSA
AJJCOPBIITMOHHOI'O MOHOCJI04

A.U. Pycanos
Canxm-ITlemepOypeckuii 2ocyoapcmeennulii yHugepcumem, Hncmumym gusuieckoi xumuu u
anekmpoxumuu um. A.H. @pymxuna PAH. 199034 Cankm-Ilemepbype, Ynuusepcumemckas,
Hab., 7, Menoeneesckuii yenmp CII6I'Y; e-mail: rusanov@AR1047.spb.edu

XuMHUYecKHe MOTEHINAIBI — TIIaBHBIC XapaKTEPUCTUKHU BEUIECTB U BCEX NMPOMCXOISAIINX
¢ HMMHM nporeccoB. ECTECTBEHHO, XMMHYECKHE MOTEHIUABI MOJHOCTBIO XapaKTepPU3yIOT U
BEIIECTBA B a/ICOPOMPOBAHHOM COCTOSIHUH, a IOTOMY HPaBHJIbHBIC BBIPAXKEHHS [UIs HUX BaXK-
HBI 171 HOPMYJIMPOBKM ypaBHEHHUSI COCTOSHHUS aCOPOLMOHHOrO MOHOCIos. IlepBoe BbIpa-
JKEHHEe TaKoro poAa, npeanoxenHoe batinepom [1] kak ycioBue paBHOBeCHS,

Hj =W, +va; (1)
CBA3BIBAET XUMHYECKHE MOTEHIIHAIEl KOMIIOHEHTA i B aJICOPOIIMOHHOM CIIO€ [1; M 0OBEeMHOI
daze p, (He paBHBIC Ipyr ApyTy!) yepe3 MOBEPXHOCTHOE HATSXKEHHE Y M NMapLHUalbHYIO II0-
mazab a,. Teopust batiiepa HCXOAUT U3 JIOXKHBIX NPEACTABICHUH U MPOTHBOPEUUT TEPMOJIMHA-

MUKE FI/I66CS., 3a UCKIIIOUCHHUEM Clly4das MPEACIIbHO C)KAaTOI'0 MOHOCIION, KOrJa napudajibHbIC
TUIoIIAaa MEPECTAOT 3aBUCETh OT €0 ABYMEPHOTO JAaBJICHUA U YIOBJICTBOPAIOT YCIOBHUIO

> Ta=1 )

(I",— amucino MoseKys KOMIIOHEHTa i Ha eMHUILY IIOmaId MOHocos). B aToM ciydae, oqna-

KO, TEOpHsI MOXKET OINUCHIBATH JIHIIb BIUSIHUE COCTaBa CMEIIAHHOIO MOHOCIOSI Ha €ro Co-

CTOSIHHE, HO He 3 deKT ruoTHOCTH (BCera 3aJaHHON CBOMM BEPXHHM MPEJeIoM), KaK 3TOTO
TpeOyeT ypaBHEHHE cOoCTOsiHMA. Torma u crporasi Teopusi JaeT BbIpakeHue [2]

s s0 S £5 s S £5
W =W +kT'n(x; ) —vya,, dy; = kTdIn(x} f7)—ady, 3)
KoTOopoe ornndaercs ot (1) Kak CMBICIIOM BETMYNH (p_fo — KOHCTaHTa, X; — MOJIbHAs 10, f;" —

K03(D(HUIMEHT aKTUBHOCTH), TaK M TEM, YTO 3TO YK€ HE YCIOBUE PABHOBECHSI.
TomeiTka rcnonb30Bathk (3) Ui BBIBOJIA YPABHEHHUSI COCTOSIHUS ObLiIa MPEANpPUHSTA B
[3]. [ToncranoBka (3) B m30TepMudeckoe ypaBHeHue aacopbiym ['nboeca naer

dy=—kTY T dIn(x f)+dyY. Ta,. (4

OTKyJa cpa3y BHIHO, YTO NpH ydere (2) MOBEPXHOCTHOE HATsDKeHHE yHHuTOkaeTcs. Ho aB-
TOPBI 3aIIUCHIBAIOT (4) B BUJIEC YPABHEHUS COCTOSHUSA (T — IBYMEPHOE NaBICHUE MOHOCIIOSN)
—dy=dn,=kT) T.dIn(x f*)/(1-) T.a,) Q)

U IEMOHCTPUPYIOT COTJIACHE C ONBITOM. DTOT Kypbe3 OOBSICHIETCS IIPOCTO: MPABUIbHOE ypa-
BHEHHE OX0XE 110 BHAY, HO COJICPIKHUT HE NapLUHaIbHYI0, @ HCKIIIOUSHHYIO IIomans. MeH-
HO 3TOT MapamMerp, Kak Obl €ro HU Ha3bIBaTh, aBTOPbI ONPECISIOT MOATOHKOW K ONBITHBIM
nanHbIM. Ciydaid Moy4uTeNneH B JBYX OTHOLICHMSX: 1) ypaBHEHUE COCTOSHUS HEJb3sl BhIBEC-
TH TOJIBKO U3 TEPMOJUHAMUKH; 2) HaJ0 HOHUMATh, YTO TAKOE UCKIIFOUESHHAS TUIOIIA/b.

B noknaze emie pa3 KOMMEHTUPYETCSI CTPOTHIA MOJXO/ K BEIBOJLY YPaBHEHHUSI COCTOSTHUS
MOHOCJIOSI Ha OCHOBE MCKJIFOYEHHOH IUIOIAN.

Paboma noodoepcana npoepammori “Bedywue nayunvie wxonvt Poccutickoi @edepa-
yuu” (epanm HII-6291.2010.3).

JINTEPATYPA

1. Butler J.LA.V. // Proc. Roy. Soc. London, Ser. A. 1932. V. 135. P. 348.
2. PycanoB A.W. ®a30Brie paBHOBECHS U TOBEPXHOCTHBIE siBiteHU. JI.: Xumus, 1967.
3. Fainerman V. B., Vollhardt D. // J. Phys. Chem. B 1999. V. 103. Ne 1. P. 145.
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CHEMICAL POTENTIALS AND STATE EQUATION OF ADSORPTION
MONOLAYER

A.IL Rusanov
Saint Petersburg State University, Frumkin Institute of Physical Chemistry and Electrochemistry Rus-
sian Academy of Science, 199034 Saint Petersburg, University embankment, 7, SPSU Mendeleev Cen-
ter; e-mail: rusanov@AR1047.spb.edu

Chemical potentials are the main characteristics of substances and the processes oc-
curred with them. Naturally chemical potential define entirely the substances in adsorbed
state, so that the correct relations are important in view of formulating the state equation of
adsorbed monolayer. The first expression of this kind introduced by Butler [1] as an equili-
brium condition,

W =K, + 74, ey
links up the chemical potentials of i-th component in the adsorption layer u; and in bulk
u, (non equal to each other!) through the surface tension y and partial area a,. The Butler

theory originates from the false notions and contradicts to the Gibbs thermodynamics, with
the exeption of the case of ultimate condensed monolayer when the partial areas cease to de-
pend on its two-dimensional pressure and are satisfying the condition as:

2T =1 )
(I',— number of molecules of i-th component per unite of area of monolayer). In this case,
however, the theory can describe on the influence of content of mixed monolayer on its state,
but not a density effect (always defined by its upper limit), as demanded by the state equation.
In this case the rigorous theory gives an expression [2]:
W= +kTIn(x ) —va,, du; =kTdIn(xf*)—ady, 3)
that differs from (1) both by the meanings of the magnitudes (1}’ — a constant, x; — a mole
fraction, f"is the activity coefficient) and the fact that it is not yet the equilibrium condition.

An attempt to use formula (3) for derivation of the state equation was undertaken in [3].
Substitution of formula (3) into the Gibbs isothermal equation of adsorption gives:

dy=—kTY T dIn(x f)+dyY.Ta,, )

whehence it is obvious that in account of the condition (2), the surface tension is destroyed.
Nevertheless authors wrote the formula (4) in a form of the state equation (r,is two dimen-
sional pressure in monolayer):

—dy=dn, =kT) TdIn(xf*)/(1-) Ta,) )
and demonstrated agreement with experiment. This curious can be easily explaned: the correct
equation is similar by form, but it contains not partial, but excluded area. It is precisely the
parameter, no matter how it is called, that the authors determine by fitting to the experimental
data. The accident is instructive in two respects: 1) the state equation cannot be derived only
from thermodynamics; 2) it is necessary to understand what is the excluded area.

There are comments to the rigorious approach to deriviation of the state equation of
monolayer based on the excluded area in the report.

The work was supported by the program “Leading scientific schools of Russian Federation” (grant NSh-
6291.2010.3).

1. Butler J.A.V. // Proc. Roy. Soc. London, Ser. A. 1932. V. 135. P. 348.
2. Rusanov A.lL. Phase equilibrium and surface phenomena. L.: Chemistry, 1967.
3. Fainerman V. B., Vollhardt D. // J. Phys. Chem. B 1999. V. 103. Ne 1. P. 145.



PROBLEMATIC OF THE CHARACTERIZATION OF MICROPOROUS CARBONS

F. Rodriguez-Reinoso, J. Silvestre-Albero
Departamento de Quimica Inorganica. Universidad de Alicante. Spain
http://www.ua.es/grupo/lma; reinoso@ua.es

A reliable characterization of the porous structure is critical in the development and applica-
tion of porous materials such as activated carbon and carbon molecular sieves. Adsorption of
N, at 77K is the most common method of characterization, but it will be shown that care is
needed in the both experimental determination of the adsorption isotherm and in the process
of deducing porosity information from the isotherm.

Characterization of series of activated carbon and carbon molecular sieves has been carried
out by adsorption of N, at 77K and CO; at 273K using a wide range of experimental condi-
tions: time of equilibrium, type of pressure transducer, outgassing conditions, etc. [1]. Special
attention is given to the restricted diffusion of the adsorbing molecule into narrow micropores
and its effect on the adsorption isotherm. It will be shown that this problem is not only present
in the adsorption of nitrogen at low temperatures (77K) but also in the adsorption of carbon
dioxide at 273K [2]. Some additional experimental aspects will be analyzed and a recommen-
dation for the conditions to be used in the determination of the adsorption isotherm will be
provided.

The analysis of the adsorption isotherm for the determination of the parameters defining the
microporosity is also a matter of discussion and we will address some common errors con-
cerning the application of methods/models used to deduce the surface area, micropore volume
and pore size distribution of carbon materials.

Finally, in an attempt to overcome the problem associated to the quadrupole moment of the
nitrogen molecule, the adsorption of Ar at 87K will be compared for some selected micropor-
ous carbons [3].

REFERENCE
[1] E. Rodriguez-Reinoso, A. Sepulveda-Escribano, J. Silvestre-Albero., in Nanoporous Mate-
rials, Ed.: N. Kanellopoulos, CRC Press, Taylor & Francis, Boca Raton (USA), 2011, 307-
352.
[2] R.V.R.A. Rios, J. Silvestre-Albero, A. Septlveda-Escribano, M. Molina-Sabio,
F. Rodriguez-Reinoso, J. Phys. Chem. C 2007, 111, 3803-3805.
[3]J. Silvestre-Albero, F. Rodriguez-Reinoso, M. Thommes, Carbon (submitted)
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MICROPORE FILLING OF QUANTUM MOLECULES AND
IT’S APPLICATION TO SEPARATION

Katsumi Kaneko
Research Center for Exotic Nanocarbons, Shinshu University
kkaneko@shinshu-u.ac.jp

Quantum molecular sieving effect has provided a new insight of physical adsorption, show-
ing a high application potential to separation of light molecules such as H, and D,. If we can
extend the quantum molecular sieving effect to larger molecules such as HyO and CHy, the
quantum molecular sieving effect can develop new chemistry.

The adsorption isotherms of H, and D, on single wall carbon nanohorn, single wall carbon
nanotube, and Cu-based metal-organic framework were measured over the temperature range
of 20 to 77 K. Distinct differences in physical adsorption of H, and D in nanospaces of these
nanoporous solids were observed. The difference can be understood by the quantum simula-
tion using Fynmann-Hibbs potential. Also adsorption isotherms of CH4 and CD4 were meas-
ured around the boiling temperature. The clear adsorption difference of 2 % between CD4 and
CH, was evidenced in the higher fractional filling for 0.7 nm pores; this stems from the com-
petitive quantum adsorption of CD4 and CHa.

The kinetic quantum molecular sieving effect was measured at 77 K using laboratory-
designed apparatus. The marked adsorption difference of 30 % was observed for H, and D,
for zeolite and nanoporous carbons. Even CD4 and CH4 showed a remarkable quantum effect
for nanopore systems of which pore width is less than 1 nm.

REFERENCES

1) H. Tanaka, H. Kanoh, M. Yudasaka, S. lijima, K. Kaneko, J. Am. Chem. Soc. 2005,
127,7511

2) Y. Hattori, H. Tanaka, F. Okino, H. Touhara, Y. Nakahigashi, S. Utsumi, H. Kanoh, K.
Kaneko, J. Phys. Chem B. 2006, 110, 9764.

3) D. Noguchi, H. Tanaka, A. Kondo, H. Kajiro, H. Noguchi, T. Ohba, H. Kanoh, K. Ka-
neko, J. Am. Chem. Soc. 2008, 130, 6367.

4) H. Tanaka, D. Noguchi, A. Yuzawa, T. Kodaira, H. Kanoh, K. Kaneko, J. Low Temp
Phys. 2009, 157, 352.

5) D. Noguchi, H. Tanaka, T. Fujimori, H. Kagita, Y. Hattori, H. Honda, K. Urita, S. Ut-
sumi, Z. Wang, T. Ohba, H. Kanoh, K, Hata, K. Kaneko, J. Phys. C M. 2010, 22,
334207 (Special issue for Dr. P. Eklund)
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MOJIEKYJAPHAS TEOPUA AICOPBIIMH B ITIOPUCTBIX MATEPHUAJIAX

10.K. ToBOun
@I'VII «Hayuno-uccredosamenvcekuti ghusuxo-xumudeckuti uncmumym um. JI. A. Kapnosay,
Mockea, 105064, nep. Obyxa 3-1,12, cmp. 6, e-mail: tovbin@cc.nifhi.ac.ru

PaspaboTaHHas MoJeKy sIpHasi TEOpHUs aAcOPOIMH B TIOPUCTHIX MaTepuaiax Ha OCHOBE
CHCTEMAaTHYECKOT0 M3y4YeHHsl B3aUMOCBS3U CTPYKTYPhI M aJCOPOLMOHHBIX XapaKTEePHUCTHK
103BOJIJIA OOBSICHUTH MHOTOUYHCIICHHBIE SKCIIEPUMEHTANILHBIEC JTaHHBIC 0€3 NPHUBICYCHUS Ka-
KUX-TM00 TePMOJMHAMUYECKUX NPENOI0KEeHUH 0 XapakTepe nporecca aacopoiuu. Teopus
ONUPACTCsA TOJIBKO Ha I/IH(l)OpMaLII/I}O 0 MEXMOJICKYJIAPHBIX NMOTEHLUAIaX B3aVIMO}1€I>‘[CTBPIH
MEXay ajgcopbaraMy M ajxcopOaTroM M aTroMamu ancopOeHTta. Bes cnenmduxa apcopbiym B
MOPUCTBIX MaTepUajax CBA3aHA ¢ HEOAHOPOJHOCTHIO paclpeeseHus] MOJIEKys B IOTEHIHA-
JIaX CTEHOK IIOp, KOTOpbIE 3aBUCAT OT CTPYKTYpbl MaTepuala, OrpaHMYMBAIOIIErO OOBEM,
JIOCTYIHBIN J1sl aicopoara.

Kiro4eByio posib UTparoT KOOIEPAaTHBHBIE MPOLECCHI, COMPOBOXKIAEMbIE paccilauBaHH-
eM azicopbaTa B OPUCTBIX cucTeMax. [Ioka3aHo, YTO HEOHOPOAHOE PaCIIpesiesieHHe OBEPX-
HOCTHOTO IIOTCHI[MAJa OTBETCTBEHHO 3a IOSIBJICHUE B IOPHCTHIX CPEIaX MHOXKXECTBEHHOCTH
JIOKaJIbHBIX 00JIaCTEell CO CBOMMHU COCYILECTBYIOIMMHU (a3amMu nap - )KUAKOCTh. Kpusbie pac-
ClIauBaHUs, HAuYMHAs OT W30JIMPOBAHHBIX ITOP PA3HOM I€OMETPHUH JIO CIOXKHBIX MOPHCTHIX
CHCTEM, UMEIOT MHOTOKYIIOJBbHYIO CTPYKTYpY, 3aBHCSIIYIO OT SHEPTHU B3aUMOACHCTBUS MO-
JIeKyJI MeX]y cOOOH M CO CTEHKAMH TIOPHI.

KoormneparuBHble IPOLIECCHl «CAMOCTOSTENILHO» BBIAEISAIO MO100JacTH 001ero oobema
1op, B KOTOPBIX MPOUCXOAT (ha3oBble mpeBpamieHus. OCHOBHBbIC (pa30Bble MPEBpPAILCHHS
UMEIOT KBa3U-IBYMEpPHbIH M KBa3H-TPEXMEPHBII XapakTep, XOTs B W3MEHEHHE JIOKAJIbHBIX
CTereHel 3aroNHEeHNH BOBIIEKAeT BOKPYT ce0si MHOXKECTBO APYTHX COCEHUX Y4acTKoB. [lua-
Ma3oH pa3MepoB ME30MOPUCTBIX CHCTEM, TPAAULIMOHHO HCCIIEIYyeMBbIX METOAAMU aacopOIu-
OHHOM MOPOMETPUH C XapaKTEepHBIM pa3MepoM 10 100 HM, MOXKET OBITh pa30OUT Ha CIIEAYIO-
M€ YYaCTKH:

1-if ygacTok pa3mMepoB HJAET 10 ~4 HM — B HEM OTCYTCTBYET METJISl TUCTepe3nuca U Ka-
NUJUTApHAass KOHACHCAUs H3-3a MaJIbIX PasMEpOB HUJIUHAPUYCCKUX KaHAJIOB. 9T0 HEC HUCKIIIO-
JaeT HAJIWYKE TaK Ha3bIBAGMBIX Pa3sMBITHIX (pa30BBIX IEPEXOIO0B, MPOSBISIEMBIX Ha KOHIICH-
TPALMOHHBIX M TEMIEPATYPHBIX 3aBUCHMOCTSIX UISl TEIUIOEMKOCTH ajcopbara. st rino0y-
JISIPHBIX U APYTHX CUCTEM CO CJIOXKHOM (popMOii MosIoCcTel, B TOM YHCIIe U IIEeJIEBUIHBIX 110D,
OrpaHMYEHHOT0 00beMa, yKa3aHHAasl BEITMYMHA 4 HM JOJDKHA OTHOCUTHCS K «CKBOZHON» 4acTH
kaHas1oB. Eciu MMEIOTCs CTEHKH 1Op, NepeceKaroluecs Mo MpsSMbIM WIH APYTHMH YIJIaMu,
TO ATH YYaCTKH IIOP HE BXOJAT B YKa3aHHBIC pa3MEphbl.

2-i1 y4acTOK pa3MepoB HIET OT ~4 HM a0 15 HM — 061acTh, B KOTOPOIl pa3MepHbIE Or-
paHMYEHHs] HACTOJIBKO CHJIBHO BIMSIOT Ha KPUTHYECKHE MapaMeTphl LEHTPAJIbHOTO KyIIOoa,
YTO UMH HeJlb3s NpeHeOpeyb. DTy 00/1acTh pa3MepoB LEIeco00pa3HO BbIIESIUTb B OTJEIBHYIO
00JacTh, TaK Ha3bIBAGMBIX «y3KHX» HOp. B 3T0il 00macTu peannu3yroTcsi HenpsMble B3auMo-
JIEHCTBHS MEXKIY CTEHKaMH 32 CUET KOONEPaTHBHOTO MOBeAeH s agcopbara. DakT 3aBUCHMO-
CTU KPUTHYECKOH TeMIIepaTypbl pacciaauBaHUs OT pa3Mepa IOpbl MOATBEPHKIIEH BCEMHU Teope-
THYECKUMH METOIaMH1 U CYLIECTBYIOIIMMH aICOPOIIMOHHBIMU NU3MEPEHUSIMHU.

3-it yuactok pazmepoB uzet 15 um 10 100 HM, OH BKJIFOYaeT B €05l OTHOCHUTEIBHO IIH-
POKHE TOpBI, B KOTOPBIX HE TOJILKO OTCYTCTBYET MEPEKPHITHE TOBEPXHOCTHBIX MOTECHIHAJIOB,
HO W OTPaHMYEHHOCTH 00BbEMa MOpP MPUBOJUT K MalbIM (MeHee 2%) OTIMYHIM IS KPUTHYE-
CKHX IapaMeTpoB Ipoliecca paccnauBaHus ajgcopdara. B aToit 061acTu NporCXoauT HOTHOE
ocnabieHne HenpsIMbIX B3aUMOJIEHCTBUI CTEHOK uepes Ba3oBoe cocTosiHue agcopbara.
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Jlannas kiaccuduKanus oTpaXkaeT XapakTep KOPOTKOIEHCTBYIOIIETO KOOIEPATHBHOTO
NoBeJieHHs afcopbara B OrpaHUUYEHHBIX 00bEMax MOPUCTBIX cucTeM. [Ipu Hanmuuum nanbHo-
JISHCTBYIOIEro BKJIaJa B IIOTEHIMAN B3aUMOAEHCTBUS acop0ar - CTeHKa 3TH 00JIacTH COOT-
BETCTBEHHO YBEJIMYHMBAIOTCS MPONOPLMOHAIBHO paiyCy MOTEHINATa B3aUMOICHCTBUS MEXK-
JIy MOJIEKYyJIaMH ajzicopOaTa.

Kanunnsphas koHzeHcauus, Kak 1000# mpouecc (a3oBoro nepexoja MmepBoro poua,
CONPOBOXKAACTCS SIBIICHUEM aJICOPOLIMOHHO - IeCOpOLIMOHHOr0 TucTepe3nca. CylecTBOBaHUE
a7IcCOpOLIMOHHON BETBHM CIHHOJANH CBS3aHO C (UIyKTYal[MOHHOW HEYCTOMYMBOCTBIO alIcOPO-
IIOHHOI! ITIEHKHU [IPH YBEIMYECHHH ¢€ TOJIIHHEI II0 Mepe KoHeHcanuu aacopbara. ITokasaHo,
YTO MIMPHHA MOPbI, HOTEHIUAT B3aUMOIEHCTBHS ajicopdaTa co CTeHKaMH IOPbI U IIEPOXOBa-
TOCTU CTEHOK IOp BIMSIOT HA LIMPUHY IETeb aACOPOLIMOHHO-1ECOPOLIMOHHOrO rucTepesuca
B IIEJICBUHBIX U [IINHAPUYECKHX Nopax. Teopus, B IPUHIIKIIE, II03BOJISET OJHOBPEMEHHO U
HE3aBUCUMO COIIOCTABIISATH 00€ PAaCCUMTHIBAEMBbIC BETBU T'MCTEPE3UCHOW NETIM C IKCIEpH-
MCHTAJbHBIMH JJAHHBIMH, YTO YBEIUYMBACT 00BEM IKCICPUMCHTAIBHOI MH(OpMALUU HpU
noucke (QYHKIMH pacIipe/ieNIeHHs II0p MO pa3Mepam.

B T0 ke Bpemst MOJIeKyJIsipHasi TEOPUsI BO MHOTOM COXPaHseT MOJNy4YeHHbIE paHee Npe-
CTaBJICHUs O CBOMCTBAaX MHKPOIIOP, B KOTOPBIX NMpeobiiagacT BIMUSHHE MOBEPXHOCTHOTO MO-
TEHI[Mala CTCHOK IOp, M MX KiIacCH(HKAIMIO, MpeioxkeHHylo M.M. JlyOuHHUHBIM, OHAKO
JIaeT MHYIO KOJMYECTBEHHYIO CBSA3b. HIDKHUM IIpesienioM paanyca MUKPOIIOP MOKHO CUHMTATh
3Hauenue ~0,13 HM, oTBeyaroliee KpUTHIECKOMY Auamerpy moiuekynsl He (~0,26 um), npo-
HHKAIOIIEro NMPaKTHYECKH BO BCE IyCTOTHI TBEPJOro Teia. MaKkCHMalbHBI pa3Mep MHKPO-
IOp MO JHEPreTHYeCKHM pacyeTaM JUCIIEPCHOHHOIO B3aUMOJEHCTBHS 3aBHCHUT TaKKe OT
KPUTHYECKOr0 JHaMeTpa MOJICKYJbI afcopOTHBa do M OTBEYAECT SKBUBAJICHTHOMY Paiuycy,
paBHOMY 2,5 d¢r. DTH M3MEHEHUS CBS3BIBAIOTCS C JUCKPETHBHIM H3MEHEHUEM aJCOPOLIMOHHOTO
MOTEHIMAJIA IPYU BapbUPOBAHUHU YHCIJIa MOHOCIIOEB BHYTPH MHKPOIIOP.

OOGBIYHO OCHOBHOI 00BEM MHKpPOIOp 3aKII0YaeTCsl B MHTEPBAJIC SKBHBAJICHTHBIX pa-
nuycoB ot 0,5 mo 1,55-1,6 HM. /I XapaKTepHUCTUKU TEPEXOAHON 00JIaCTH MEXITy MHKPOIIO-
paMH U ME30I0paMH, B KOTOPOIl OCHOBHBIE MPU3HAKK MHUKPOIIOPUCTOH CTPYKTYpPbI HOCTENEH-
HO BBIPOXIAIOTCS, a CBOMCTBA ME30IIOpP BCe Oosee NposBIIsIoTes, JlyONHUH IPEIIOoKIIT Mel-
KYIO Pa3HOBHHOCTh MUKPOIIOP OTHOCHTH K COOCTBEHHO MUKPOTOPAM (T < 0,6 - 0,7 HM), a -
Oosee kpymHyo - K cynepmMukpornopam (0,6 - 0,7 < 1y < 1,5 - 1,6 HM).

Jleranu3auust 0cOOCHHOCTEH MOBEISHUS] U30TEPM aJICOPOLIMU B 3aBUCUMOCTH OT Xapak-
TEPHOTO pa3Mepa Mop MMeeT MPUHLHITHAIBHOE 3HAYCHHE JUISl HHTEPIPETAMU SKCIIePHMEH-
TaJIbHBIX U30TCPM ancopGLu/m JUIS MUKPO- U ME30ITOPUCTBIX COp6CHTOB, a TAKXKE Uit UHTEP-
HpeTalyy JaHHBIX 10 Kodddunuentam camonuddysuu u nepeHoca Macchel. B pealbHbIX ai-
copOeHTax ¢ HEeNpPEePHIBHBIM pacIpeelIeHHeM TIop 110 pa3MepaM XapakTep (pa3oBOro cocros-
HHUS ajicopOara CyLIEeCTBEHHO 3aBUCHT OT pa3Mepa Iop B JaHHOH JIOKaJIbHOM o0nact anacop-
OeHTa, a y4eT NepecedeHUl U COWICHEHUH II0p Pa3HOro THUIA HPUBOAUT K 3aBUCHMOCTH U OT
pa3Mepa nop B 001aCTIX, OKPYKAIOMIMX JaHHYIO 00J1acTh. DTO NPUBOJUT K TOMY, YTO pacyeT
(a3oBBIX pacrnipeneneHuid agcopbaTta Tpedyer HHGOpPMALUK HE TOJIBKO O (DYHKIIMHU pacrpere-
JICHHS IIOp IO pa3MepaM, HO U O IIPOCTPAHCTBCHHOMU CTPYKType aicopOeHTa.

B HacTosiiiee Bpemst MOJIEKYIISIpHast TEOPHUS TTO3BOJIMIIA BBINTH U3 00J1aCTH Mpe/CTaBIe-
HH{, OPUCHTHPOBAHHBIX TOJILKO Ha yIJIEPOAHbIC aJCOPOCHTHI, HAa IPOU3BOJIbHBIC THIIBI HO-
PHCTBIX MaTEepUaIOB. JTO MO3BOJSIET aHAJM3UPOBATH TPOILIECCHI ICOPOIMHU B JIFOOBIX HOPHUC-
TBIX CHCTEMaXx, YTO PacLIUpsieT 00JaCTh NPAKTHYECKOTO MPUMEHEHHUS aJCOPOIIMOHHBIX METO-
JIOB, B YaCTHOCTH a/ICOPOLIMOHHON TOPOMETPUH.
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MOLECULAR THEORY OF ADSORPTION IN POROUS MATERIALS

Yu.K. Tovbin
Karpov Institute of Physical Chemistry, Moscow, 105064, per.Obukha, 3-1, 12, build. 6,
e-mail: tovbin@cc.nifhi.ac.ru

The developed molecular theory of adsorption in porous materials on the basis of regu-
lar studying of interrelation of structure and adsorption characteristics has allowed to explaine
numerous experimental data without attraction of any thermodynamic assumptions about a
process of adsorption. The theory uses only the information on intermolecular potentials of
interaction between adsorbent and adsorbate. All specificity of adsorption in porous materials
is connected with heterogeneity of distribution of molecules in potentials of walls of a pore
which depend on structure of the porous material, which limiting space accessible for adsor-
bate molecules.

The co-operative processes which accompanied by a stratification of adsorbates in por-
ous systems, are played the key role. It is shown, that non-uniform distribution of surface po-
tential responsibly for occurrence in porous environments of plurality of local areas with the
co-existing phases of pairs - a liquid. All stratification curves, beginning from the isolated
pore of different geometries to complex porous systems, have the multidome structure de-
pending on energy of interaction of molecules among themselves and with walls of a pore.

Co-operative processes allocate subareas of total volume of the pore system in which
there are phase transformations. The basic phase transformations have quazi-two-dimensional
and quazi-three-dimensional character though in change of local degrees of fillings involves
round itself set of other next pores. The range of the sizes of the mesoporous systems tradi-
tionally investigated by methods adsorption porometry with the characteristic size to 100 na-
nometers, can be divided into following sites:

The 1st diapason of the sizes goes up to ~4 nanometers — in it there is no loop of a hys-
teresis and capillary condensation because of the small sizes of cylindrical channels. It does
not exclude presence of the so-called dim phase transitions which can be observed on concen-
tration and temperature dependences for a thermal capacity of adsorbates. For globular and
other systems with the complex form of cavities including slit-like pore with the limited space,
the specified size of 4 nanometers should concern a “through part” of channels. If there are
the walls of a pore crossed under straight lines or other corners these sites of a pore do not en-
ter into the specified sizes.

The 2nd diapason of the sizes goes from ~4 nanometers to 15 nanometers — area in
which dimensional restrictions so strongly influence critical parametres of the central dome,
that they cannot be neglected. It is expedient to select this area of the sizes in separate area,
so-called "narrow" pores. In this area indirect interactions between walls at the expense of co-
operative behavior adsorbates are existed. The fact of dependence of critical temperature of
stratifying from the size of a time is confirmed by all theoretical methods and existing an-
COpOLMOHHBIMU measurements.

The 3rd diapason of the sizes goes 15 nanometers to 100 nanometers, it includes rather
wide pores in which not only there are no overlapping of surface potentials, but also a limita-
tion on the pore volume leads to small (less than 2 %) differences for critical parametres of
stratifying process for adsorbates. In this area there is a full easing of indirect interactions of
walls on conditions for the phase separation of adsorbates.

The given classification reflects a feature of short-range co-operative behavior adsor-
bates in the limited volumes of porous systems. At presence of the long acting contribution to
interaction potential between adsorbate with wall, these areas accordingly increase propor-
tionally to radius of potential of interaction between molecules adsorbates.
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Capillary condensation as any process of phase transition of the first type, is accompa-
nied by the phenomenon of the adsorption- desorption hysteresis. An existence of adsorption
branch of spinodals is connected with fluctuation instability of the adsorption films at increase
in its thickness in process of adsorbate condensation. It was shown, that the width of a pore,
interaction potential adsorbate with pore walls and a roughness of pore walls influence on a
width of loops of the adsorption - desorption hysteresis in the slit-like and cylindrical pores.
The theory, basically, allows simultaneously compare independently both counted branches
hysteresis loops with experimental data that increases volume of the experimental information
by search of function of distribution of pores in the sizes.

At the same time the molecular theory in many respects keeps received before represen-
tation about properties of micropores in which influence of the surface potential of pore walls
prevails, and their classification has been offered by M.M. Dubinin, however gives other
quantitative connection. It is possible to consider as the bottom limit of radius of a micropores
the value of ~0,13 nanometers answering to critical diameter of a molecule He (~0,26 nano-
meters), that can practically reach in all empty cavities of solid body. The maximum size of a
micropores according to power calculations of dispersive interaction depends also on critical
diameter of a molecule adsorbtive d; and answers the equivalent radius equal 2,5 d.. These
changes contact with discrete change the adsorption potential at a variation of number of mo-
nolayers in micropores.

Usually the basic volume of micropores consists in an interval of equivalent radiuses
from 0,5 to 1,55-1,6 nanometers. For the characteristic of transitive area between micropores
and mesopores in which the basic signs of microporous structure gradually degenerate, and
properties of mesopores are more and more shown, Dubinin has suggested a small version of
micropores to carry to actually micropores (I <0,6 - 0,7 nanometers), and - larger - to su-
permicropores (0,6 - 0,7 <ty <1,5 - 1,6 nanometers).

A detailed description of features in behavior of adsorption isotherms depending on the
characteristic size of pores has basic meaning for interpretation of experimental isotherms of
adsorption for micro- and mesoporous sorbents, and also for interpretation of data on factors
of self-diffusion and mass transfer.

In real adsorbents with continuous distribution of the pore sizes a character of a phase
states of adsorbates essentially depends on the pore size in the given local area of adsorbents,
and the account of crossings and joints of pores of different types leads to dependence on the
pore size in the areas surrounding given area. It leads to that a calculation of the phase distri-
butions adsorbates demands the information not only about function of distribution of the
pore sizes, but also about spatial structure of adsorbents.

Now the molecular theory has allowed leaving area of the representations focused only
on carbon adsorbents, to any types of porous materials. It allows analyzing the adsorption
processes in any porous systems that expands area of practical application adsorption methods,
in particular, for the adsorption porometry.
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AJICOPBIIMA B MUKPOIIOPUCTBIX AJICOPBEHTAX

A.A. ®omkuH
Hnemumym uszuneckoii xumuu u snekmpoxumuu um. A.H. @pymxuna PAH,
Jlenunckuu npocnexm , 31, cmpoenue 4, Mockea, 119071, Poccus,
fomkinaa@mail.ru

AncopbaT B MUKPOHOPHUCTBIX aJICOPOSHTAX LEIUKOM HAXOAUTCS B NEPEKPBIBAIOIIMXCS
aJICOPOIMOHHBIX MOJIAX MPOTHUBOMOJIOKHBIX CTEHOK 1op. IloTeHnmansHble Oapbepsl, Ha BXO-
Jlax B MHMKPOIIOPbI, B 3HAUUTENBHON CTENEHH DKPAHUPYIOT BIHMSHHE PaBHOBECHOH (a3bl U
MOJIEKYJl COCeJHUX II0JIOCTeH Ha aJcopOMpOBAaHHbBIE MOJEKYJbl B Mopax. AJcopOLMOHHOE
10JIe MUKPOTIOPHCTOTO aJcOopOCHTa HAaBA3BIBACT a7iCOPONPOBAHHOMY BEILECTBY CBOIO CTPYK-
TYpy U CHIIBHO ero auctneprupyert. [lo cBoum cBoiicTBaM a1copOUpOBaHHOE BEIIECTBO B MUK-
pOIOpax CYIIECTBEHHO OTJIMYAECTCS KaK OT CBOMCTB ajcopbaTa Ha OTKPBITOH MOBEPXHOCTH
TBEPJIOTO Tella, TAK U OT CBOWCTB BELIECTBA B PaBHOBECHOIT 00beMHOM (aze. B mporecce an-
cOpOLMH, MUKPOIIOPHUCTHIE aJCOPOSHTHI AKTUBHO YYacTBYIOT B aJICOPOLIMOHHOM B3aUMOJICH-
cTBuU. BHemHe aTo nposiBiseTcs B qedopmanuu agcopOeHTa U H3MEHEHHH €ro YIpyroruia-
CTHYECKUX CBOWCTB B 3aBHCHUMOCTH OT &, p, T- mapaMeTpoB COCTOSHHS aJICOPOLIMOHHON cuC-
TeMbl. PacripocTpanenue aacopOLMOHHBIX IPOLIECCOB B 00J1aCTh BHICOKUX JIABJICHHH MPUBEIIO
K Pa3sBUTHIO TEPMOJAMHAMUKH aJICOPOLIMH, YUUTHIBAIOIICH HEHICATbHOCTh PABHOBECHOH (ha3bl
U HEMHEPTHOCTH aJICOPOCHTA.

B pabote mpezacraBieHbl 0000IIAONME PE3yIbTaThl HCCIICAOBAHUS aICOPOLUH Ta30B,
[IapoB W JKUJAKOCTEH, OOJIaNaIoINX pa3INYHBIMH (DU3NKO-XUMHYECKUMH CBOWCTBAMH, Ha
MHKPOIIOPHUCTHIX YIilepoansix aacopoenrax [TAY-10, AYK u neonntax NaX, NaA, noHHbIX
(hopMax BEepMHUKYIUTOB, (ysiiepeHax, yrJiepofHbIX HAHOTPYOKaxX B LIMPOKUX HMHTEpBajax
JIABJICHUH W TEMIIEpaTyp HIDKe- M BBIIE KPUTHYECKOH. PaccMarpuBaroTcst BONpockl 00pas3o-
BaHUSI CYNPaMOJICKYJIIPHBIX aJCOPOIIMOHHBIX CHCTEM Ha ocHOBe (yiieperoB C60, C70 u yr-
JIepOIHBIX HAaHOTPYOOK. [TpeuIoKeHbl HOBBIE MOAXO/BI K pacyeTy aJcopOLMy KBAaHTOBBIX Ia-
30B (BOIOpO/Ia) HA MUKPOIIOPHUCTHIX afcopOeHTax. [Ipoanann3npoBaHbl 3aBHCUMOCTH TEPMO-
JIMHAMHYECKUX XapaKTEPUCTHK aacopOIUH C y4eTOM HEHIEalbHOCTH Ta30BOil (a3bl U He-
MHEPTHOCTHU ajcopOeHTa. MeToioM MOJIEKYJIApHOM JUHAMHMKH NIPOAHAIU3UPOBAHA CTPYKTYpa
ajcopbaTa B MUKPOIIOpax MOJICIBHBIX YTIIEPOIHBIX aICOPOCHTOB.
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ADSORPTION IN MICROPOROUS ADSORBENTS

A.A. Fomkin
Frumkin institute of Physical Chemistry and Electrochemistry Russian Academy of Science,
Leninskii pr., 31, Moscow, 119991, Russia,
e-mail: fomkinaa@mail.ru

Adsorbate in microporous solids is entirely in the overlapping fields of adsorption of oppo-
site pore walls. Potential barriers at the entrances to the micropores largely screen the influ-
ence of the equilibrium phase and the molecules of neighboring cavities on the adsorbed mo-
lecules in the pores. Adsorption field of microporous adsorbent imposes to adsorbate its own
structure and highly dispersed it. The properties of the adsorbed substance in the micropores
are significantly different from the properties of the adsorbate on the open surface of the solid,
and on the properties of matter in the equilibrium bulk phase. In the process of adsorption,
microporous solids are actively involved in the adsorption interaction. Externally this is mani-
fested in the deformation of the adsorbent and the change in its elastic-plastic properties as a
function of a, p, T-state parameters of the adsorption system. Distribution of adsorption
processes in the area of high pressure led to the development of thermodynamics of adsorp-
tion, which takes into account non-ideality of the equilibrium phase and absence of an inert
adsorbent.

The paper presents the results of a study summarizing the adsorption of gases, vapors
and liquids with different physical and chemical properties of carbon adsorbents for microcel-
lular PAC-10 AUC and zeolites NaX, NaA, ionic forms of vermiculite, fullerenes, carbon na-
notubes in a wide range of temperatures and pressures below - and more critical. The issues of
education supramolecular adsorption systems based on the C60, C70 and carbon nanotubes.
New approaches to the calculation of the adsorption of quantum gases (hydrogen) on micro-
porous adsorbents are described. The dependences of the thermodynamic characteristics of
adsorption have been analyzed taking into account the non-ideality of the gas phase and ab-
sence of an inert adsorbent. Molecular dynamics methods were used for the analysis of the
structure of adsorbate in micropores of model carbon adsorbents.

17



TONOJIOIuA CYINPAMOJIEKYJIAAPHBIX CTPYKTYP AJICOPBMPOBAHHbBIX B
MHPOIIOPAX CIIMPTOB, JJMOJIOB U BO/IbI

AM. Tonmaues, I".O. Xonnaps*, A.B. Kyuepos, A.C. Cnupunonos, A.C. MaTBHeHKO
Mockosckuii cocyoapemeennuiii yrugepcumem um. M.B.Jlomonocosa. Xumuueckuii
Gaxyremem, 199992, Mockea, I'CII-2, Jlenunckue I'opul, oom 1, cmpoenue 3,
E.mail: amtolmach@yandex.ru

Ipennoxennsiii panee [1] meron (MITI'), ocHOBaHHBIN HA COYETAHHU MOJEKYIISPHO —
JIMHAMHYECKUX PACUETOB U TEOPUH I'pa)OB U MO3BOJISIONINI PacliO3HABATh U 3aIIOMHHATh BCE
CyIIpaMOJIEKyJISIpHBIE  CTPYKTYpBI, HaONIOZaeMple Ha KaXJIOM MIHOBEHHOM CHHUMKE
MOJICKYJISIPHO-IMHAMUYECKOH TpPAaeKTOPHH, YCPEIHATh NAaHHBIC JUIS JIFOOOTO KOJIWYEeCTBa
TaKUX CHUMKOB, IPEJICTABISAS TAKMM 00pa3oM «yCpEIHEHHBIC)» KOHLIECHTPAIMH aCCOLMATOB
(IMMepoB, TPUMEpPOB U T. J.), M 3aTeM OINpPEICIATh KOHIEHTPAIUU M  XapaKTePHCTHKH
HU30MEpoB (HaIpUMep, LENOYeK, PAa3BETBICHHBIX IIENOYEK, UKIOB U T. X.), JUIMHBI CBS3eH,
yOIBI U T. A. B KaXJOW TpyIIe accolMaToOB, NMPHUMEHEH JUIsi pacyeTa KOHLEHTPAlMHd |
TOMNOJIOTUH aJCOPOMPOBAHHBIX B MHKporopax mumpuHoi 1.0 m 1.6HM mpu TemmepaTypax
OJMM3KMX K TeMmeparypaM IUIaBJICHUS M KHMICHHS aJCOPOTHBOB M HPH HPOMEKYTOUHBIX
TeMIepaTypax CIHMpPTOB: METaHOJIA, ITAaHOJIA, IPONAHOIa, OyTaHOJIa; AUOJIOB: ATHIICHIJIUKOIS,
1,2 n 1,3 — nmponananomnos, 2,5- TekcaHAuoda U BOABL. Pa3paboTaHHBIN METOA IO3BOJSIET
MPOCIJIEIUTh U3MEHEHUSI CYTIPAaMOJIEKY ISIPHBIX CTPYKTYP M MX PACIIOJI0KEHUE B MHUKPOIIOpE B
3aBUCUMOCTH OT CTENEHH 3allOJHEHUs MHUKpPONOpPBI aacop0daToM M TeMIepaTrypsl, T.e.
«yBHJIETBY» MEXaHHU3M OOBEMHOro 3amonHeHus mukpomnop. Ha puc. 1 m 2 npuBeneHs!
HPHMEPBl MACCOBBIX JI0JIEH acCOLMATOB ATAHOJA U ATHIICHIJIMKOIIS, coaepkaiux N MoIeKy
B 3aBUCHMOCTH OT TEMITEpaTypsl st 1op muprHoi 1.0 u 16 HM.
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1. A.M.Tonmaues, I'.O. Xonnaps, K.M.Anyunn, A.B. Kyudepos, T.B. Bornan//Komtonausrit xxypHan. 2009. T.
71. Ne 6. C. 844-851.
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SUPRAMOLECULAR STRUCTURES TOPOLOGY OF ALCOHOLS, DIOLS AND
WATER ADSORBED ON MICROPOROUS CARBON ADSORBENTS

AM. Tolmachev, G.O. Khondar*, A.V. Kucherov, A.S. Spiridonov, A.S. Matveenko
M.V. Lomonosov Moscow State University, Chemistry Department 199992, Moscow, Lenins-
kie gori, 1, bldg. 3, e-mail: amtolmach@yandex.ru

The method previously reported [1] based on combination Molecular Dynamics (MD)
simulations and graph theory was utilized for concentration and topology associate determina-
tion for adsorbed alcohols (methanol, ethanol, butanol), diols (ethylene glycol, 1,2-
propanediol, 1,3-propanediol, 2,5-hexanediol) and water on microporous carbon adsorbent
(with pore width 1.0 nm and 1.6 nm) systems. The method allowed to identify and to save all
supramolecular structures on every MD simulation step. Also it’s possible to average data
from any numbers of steps and to represent the average associate’s concentrations (dimmers,
trimers and etc) after that concentration and characteristics (bond lengths and angles) of iso-
mers (chains, forked chains and cycles) can be obtained.

The developed method allowed to track changes in supramolecular structures and its lo-
cation into the micropore depending on pore filling and temperature. In other words it gives
the possibility “to see” volume pore filling mechanism. The examples of associates mass frac-
tions for N molecules ethanol and ethylene glycol (adsorbed in pores of 1.0 nm and 1.6 nm
width) are given on Fig.1 and Fig. 2 respectively.
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1. AM. Tolmachev, G.O. Khondar, K.M. Anuchin, A.V. Kucherov, T.B. Bogdan // Kolloid-
nyi Zhurnal. 2009. V. 71. Ne 6. P. 844-851.
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TEPMOJUHAMUYECKUE XAPAKTEPUCTUKHU AJICOPBIIMOHHOM
®A3bI. MOJIEKYJIAPHBIE PACYETBI

E.A. YctunoB
Qusuxo-mexnuyeckuti uncmumym um. A.@. Hogpgpe PAH, Ilonumexnuueckas yn., 26, Cankm
IlemepOype, 194021, Poccua; e-mail: eustinov@mail.wplus.net

AHanu3 TepMOJMHAMHUYECKOTO COCTOSIHUS aJJICOPOLIMOHHOM (ha3bl sSBISETCS HHTEPECHOM
3aj1aueil ¥ MO3BOJISICT IIIy0Ke MOHATH OCOOCHHOCTH MOBEPXHOCTHBIX siBJICHHU. OMHOpOAHAS
wi nedexTHas TBepaas CTEHKa, aACOPOLMOHHBIA MOTEHIMAN W, OCOOCHHO, OrpaHUYCHHBIH
00bEM CYIIECTBEHHO M3MEHSET M YCIIOXKHSIET CBOMCTBA acopOunoHHoil dasel. Jaxe ancopo-
LHsl Ta30B Ha OTKPBITOM MOBEPXHOCTU OOHAPYKMBACT YHHKAIIbHBIC CBOHCTBA, KOTOPBIC HUKO-
raa He HabmomaroTes B 00beMHON (ase. Tak, HEaBHO BBHIIIOJHEHHBIE YHMCIICHHbBIE PACYETh
ajicopOIMK a30Ta Ha MOBEPXHOCTH rpaduta B TemueparypHoM auanasone 5 — 100 K [1] mo-
Kazaly psj cHOoCOOOB MOJICKYJISIPHOW YIMAaKOBKH B PA3IMYHBIX MOJIEKYJISIPHBIX CIOSX M JBA
THUIA IBYMEPHBIX NEPEXO0/I0B: IUIABJICHHE U OPUEHTAIIMOHHBII MOpAIoK — Oecropsnok. boiee
TOT0, MEXaHU3M aJICOPOLIMH MPOCTHIX I'a30B KK aproH elle JI0 KOHIIA HE TIOHST.

B pabote m3yueHa ajcopOiys aproHa Ha MOBEPXHOCTH TpauTa MPH Pa3IHIHBIX TEM-
neparypax mMetoaoM kunetndeckoro Monte Kapno (KMK) [2, 3]. B otiuuune ot aaroputma
Mertpormoinica, 3TOT METOI UMEET TO MPEHMYIIECTBO, YTO NMPUHUMAIOTCS BCE MEPEMEIICHHS
Monekyi. Kak cnencraue, mIoTHOCTh aicOpOMPOBAHHOIO Ta3a ONPEALIISETCs ¢ BHICOKOW TOY-
HOCTBIO, B OCOOCHHOCTH, B 00JIaCTH HHU3KHX JaBJICHUI 00beMHOW (a3bl BIUIOTh [0 HUKHETO
IpezeNna JaT4uKoB, ITOCTaBIISICMBIX C KOMMEPYECKUMH aJCOPOLMOHHBIMU aHAJIM3aTOPaAMH.
OCHOBHOE BHHMaHHUE OBbUIO y/eNeHO (JOPMUPOBAHHUIO MOJIEKYJISPHOTO CJIOSI Ha MOBEPXHOCTH
rpapura. OKa3anoch, 4YTo, HAYMHAS C HEKOTOPOTO IABJICHHUS, aJCOPOUPOBAHHBIE MOJIEKYIIBI
(DOPMHPYIOTCSI B T€KCArOHAIIBHYIO CTPYKTYpY, NPUYEM PACCTOSIHUE MEXIY MOJCKYJIaMH 3a-
BUCUT OT XMMMYECKOT0 MOTeHNnuaia. Vcronb3oBaHue TpaaUIMOHHON TEXHUKH MPUBOIUT K
BHE3AITHBIM JIMCJIOKALMSIM M UCKKEHUIO CTPYKTYPBI MOHOCIOS IO Mepe M3MEHEHUs IaBlie-
HHS, 9YTO MOXET ObITh OLIMOOYHO TPHHSITO 32 IMOTPEIIHOCTH pacdeToB. M3ydeHo BiUsHUE
JIaBJICHHUSI M TEeMIepaTypbl Ha CBOMCTBA MOHOCJOS, BKJIIOYAsh TaHTEHLHAIbHOE JaBICHHE,
BHYTPCHHIOIO SHEPTHIO U CBOOOJHYIO SHEpruto I enbMrombia.

HHTepecHO 3KCIepUMEHTAIbHON OCOOCHHOCTBIO CHCTEMBI aproH/a3oT - TpauTHPO-
BaHHas Caka SIBJIAETCS OCTPBIH MUK Ha KPUBOH 3aBUCUMOCTH TEIUIOTHI COPOLIMU OT 3arojIHe-
HYsI, HAOMIOJaeMblil cpas3y HOcCIie 3aloHEeHUsI IepBOro MoJjekyisipHoro cios [4]. Bonee 30
JIET 3TO SIBJICHHE OCTABAIOCh 0€3 TEOPETUYECKOro MOATBEPXKICHHS M JIMIIb HEJABHO IIPHU-
BJICKJIO BHUMaHHE y4eHbIX [S5]. Pacuersl, Bemonnenusie ¢ nmomombio KMK, nmo-Buanmomy,
OOBSICHSIFOT BCIUIECK TEIUIOTHI COPOLMM 3a CHET Iepexola Mopsiok — Oecropsgok. Heco-
MHEHHO, H3y4YCHHbIE B paboTe 0COOCHHOCTH JOJDKHBI OBITh B JalbHEHIIIEM pAaCCMOTPEHBI IS
0oJiee CI0KHBIX CHCTEM, BKIIOYAs IOPUCTBIE MAaTepPUAIbL.
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THERMODYNAMIC FEATURES OF ADSORBED PHASE. MOLECULAR
SIMULATIONS

E.A. Ustinov
loffe Physical Technical Institute of Russian Academy of Sciences, 26, Polytechnicheskaya,
Saint Petersburg, 194021, Russia, E-mail: eustinov@mail.wplus.net

Analysis of thermodynamic state of the adsorbed phase is an interesting issue, which
provides deeper insight into features of surface phenomena. The presence of smooth or de-
fected hard wall, the adsorption potential and, especially, the confined space substantially
changes and complicates properties of the adsorbed phase. Even the gas adsorption on an
open surface reveals unique features which are never observed in the bulk phase. Thus, recent
Monte Carlo simulation of nitrogen adsorption on the basal plane of graphite in the tempera-
ture range from 5 to 100 K [1] has shown a number of ways of molecular arrangement in dif-
ferent molecular layers and two types of two-dimensional transitions: melting and orienta-
tional order-disorder. Moreover, the mechanism of adsorption of simple gases like argon on
the smooth surface is still not completely understood.

In the present work argon adsorption on graphite surface at different temperatures is
studied with the kinetic Monte Carlo technique (kMC) [2, 3]. This method has an advantage
over the conventional Metropolis algorithm that all trial moves are accepted. A consequence
is that the adsorbed gas density is determined with a high accuracy, especially in the low-
pressure region of the bulk phase down to the lower limit of transducers supplied with com-
mercial adsorption analyzers. The main attention was paid to formation of molecular layer on
the graphite surface. It is turned out that, starting from a critical pressure adsorbed molecules
arrange into the hexagonal structure, with the average intermolecular distance being depen-
dent on the chemical potential. The use of the conventional technique leads to sudden distor-
tions and dislocations in the monolayer structure with the increase of bulk pressure, which can
be misinterpreted as simulation errors. The effect of the bulk pressure and temperature on the
adsorbed monolayer properties is studied, including such thermodynamic characteristics as
the tangential pressure of the adsorbed phase, internal energy, and the Helmholtz free energy.

An interesting experimental peculiarity of the system argon/nitrogen — graphitized car-
bon black is a sharp spike on the heat of adsorption versus loading observed calorimetrically
just after completion of the first molecular layer [4]. For more than 30 years this phenomenon
stood without theoretical support and only recently it received some attention of scientists [5].
Simulations fulfilled with the kMC seem to explain the heat spike by the order—disorder tran-
sition. Undoubtedly, the features studied in the present work should be further considered in
more complex systems, including porous materials.
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XUMHMYECKHUE OCHOBbBI HOJYYEHUSA U OCOBEHHOCTH
HAHOCTPYKTYPbI IOP CUHTETUYECKHUX YIJIEN

H.T. Kaprens
HUnemumym xumuu nosepxnocmu um. A.A.Qyiiko HAH Yrpaunwl, e. Kues, Ykpauna

JlaHo u3HKO-XxUMHUECKOe 00O0CHOBAaHHE IMONYYECHHs] CHHTETHYECKUX aKTHBHBIX yrieh
(CAY) 13 NOpUCTBIX POMBIIIICHHBIX COMIOJIMMEPOB M CMOJI ChepHIeCKOr IpaHyJISIUH, TIPHU-
TOTOBJIEHHBIX HA OCHOBE MAaTpPULbl CTUPOIIA, CIIUTON JuBnHMIOeH3050M ([IBB). CymecrBen-
HBIMH MOMEHTaMu ISl 3(G(HEeKTUBHOTO MPOTEKAHUSI MPOLECCOB KapOOHM3AIUH TIOJHMEPOB,
Jaronux BBICOKMI BbIXOJ IO yrjiuepoay, SABJAIOTCA: WHULHUHUPOBAHUEC HepBVI‘lHOI}’I CIIHMBKH
CTPYKTYpBI HOJIUMEPA 3a CUET B3aUMOJEHCTBHS YIJIEBOLOPOIHBIX 3aMECTUTENIeH; YaCTHUHOE
OKHCIICHHE U CYJIb(p)UPOBAaHUE MATPHUIbI, NPEJOTBPAIIAIOLINE ¢ ACTOIMMEPH3AINIO H CIO-
COOCTBYIOIINE CLIMBKE CTPYKTYPBI IIPH IOBbIIEHHON Temneparype. s ctupon-IBb cono-
JIMMepOB 0OOCHOBAH IPHEM XUMHYECKON KapOOHH3aIlMH — CEPHOKHUCIIOTHAs 00paboTka Io-
JIUMEPOB B MPHUCYTCTBHH CIIMBAIOLIMX areHToB (mapadopm, MeTHIaab U 1p.), TH00 CepHO-
KHCJIOTHast 00paboTka xyopMeTrinpoBanHoro cononmmepa (XMC). Yka3aHHBII IpueM B OT-
JIMYHE OT TPAAUIMOHHON TEPMUYECKOH KapOOHM3AlMH MO3BOJISET C BBICOKMM BBIXOJIOM ITO-
nydaTtb AY U3 CONOIMMEPOB C HEBBICOKOH HavyanbHOMH ciuBkoi (8-10% JIBB). ITomyuennsie
pe3yIbTaThl JIETIM B OCHOBY CO3JIaHMS IPOMBIIIIEHHBIX TeXHOJOrMi nomydenust CAY, Ha-
3BaHHBIX CKC.

Puc. Paccunrannbie (M3 MOJAENH MHKPOIOpPHUC-
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0 20 o 60 8 100 CTPYKTYpY B 00JIaCTH ME30- ¥ MaKpoOIIop, NpH-

Obrap, % 4YeM pOJIb TPAHCIOPTHBIX MOP BBIMOJIHSAIOT Me-
30I10PBI C Y3KHM pacipejielIeHueM 00beMOB II0p
0 pajuycam — sl cepuitHbIx 00pasuoB (comoiumep 10/80) X MpenMyIEeCTBEHHBIN Paanyc
cocraBisier 12 HM. B nporecce mapora3oBoii akTUBalMu KapOOHH30BAHHBIX TPOIYKTOB (I1e-
perpetbiM BogstHBIM mapoM 1pu 850 °C) npu obrapax ~40% AOCTHratoTcss MHHUMAIbHBIE
3HAa4eHHs MOTYIIHPUHBI LIEIH MUKPOIOP M 00beMa eJUHUYHBIX MHUKpomop. IIpu sToMm mpo-
rpeccupylolee ¢ 00rapoM CHW)XKEHUE pa3Mepa IIeNI ME30I0p He OKa3bIBAET CYILIECTBEHHOTO
BIIMSTHUSA Ha UX 3G (EKTHBHEI paguyc. DTOT IapaMeTp MOXET pacCMaTPHUBATHCS KaK CBOEOO-
pasHas «IacHopTHas» XapaKTEPUCTHKA YIJIEPOJHOTO COpOeHTa, omperensieMas CBOHCTBAMH
UCXOJHOH MOpUCTOI moauMepHoi MaTpulbl. M3MeHsst XapakTep MCXOMHOIO ChIpbs (conep-
JKaHHE CIIMBAOIIETO areHTa, IPHPOJa U CoJepiKaHUe opooOpa3oBaTells) yoacTcs CHHTE3U-
poBaTh yriu ¢ 3hGEeKTUBHBIM pagnycoM Me30mop oT 3 10 210 HM. YCTaHOBICHO TakXke, YTO
IIPY BBICOKHX CTENeHsX obrapa (>60%) uuer ykpynmHEHHE pa3MepoB MHKPOIIOpP B 001acTb
cynepmukpomnop. CymectBeHHbIM 11t CAY sABI€TCS BOSMOXKHOCT JOCTIDKCHHS Y HUX pa3-
BHUTOI HAHOCTPYKTYPHI 10D - BBICOKUX YZAENbHBIX TOKa3aTene 00beMOB COPOLMOHHBIX (Me-
30- U MUKPO-) HOp, CYLIECTBEHHO IPEBBIIIAIOMINX aHAJIOIHYHbIE XapaKTePUCTHKU Y aKTHUB-
HBIX yIJIeH, HOMy4aeMbIX U3 TPAIUIUOHHOTO CBIPBS.
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CHEMICAL BASIS OF PREPARATION OF SYNTHETIC CARBONS AND
PECULIARITIES OF NANOSTRUCTURE OF THEIR PORES

N.T. Kartel
Chuiko Institute of Surface Chemistry, National Academy of Sciences of Ukraine, Kiev

It is presented the physicochemical justification of preparing synthetic active carbons
(SAC) from the porous commercial copolymers and resins of spherical granulation, prepared
on the basis of a matrix of styrene cross-linked by divinylbenzene (DVB). Essential points for
the effective processes of carbonization of polymers, which give high yield on carbon, are: the
initiation of the primary cross-linking of the polymer by the interaction of hydrocarbon radi-
cals; partial oxidation and sulfonation of the matrix, which prevent its depolymerization and
promote cross-linking of structure at elevated temperature. For styrene-DVB copolymers it is
justified a method of chemical carbonization - sulfuric acid processing of polymers in the
presence of cross-linking agents (paraform, methylal, etc.), or sulfuric acid treatment of chlo-
romethylated copolymer (CMC). Specified method, in contrast to the traditional thermal car-
bonization, allows getting active carbon with a high yield from copolymers with a low initial
cross-linking (8-10% of DVB). The obtained results led to the establishment of industrial
technologies to produce the SAC named SCS.

Fig. Calculated significances (from model of
micropore zones) of half-width of slit-like mi-
cropores (x) and mesopores (¢g) from burn-offs

for carbons SCS (from styrene-DVB copolymer
10/80).

It is studied in detail the peculiarities of the por-
ous structure of carbons SCS. It is shown that
carbons SCS have unusual for carbons of steam
activation "bottle-like" pore structure in the
scale of meso- and macropores, and the role of
transport is provided by mesopores with a nar-
row distribution of pore volumes on radii - for serial samples (copolymer 10/80) a preferred
radius of them is 12 nm. In the process of steam activation of carbonized products (at 850 °C)
at burn-off ~40% the minimum significances of half-width of the slit-like micropores and the
single micropore volume are achieved. In this case, a progressive decrease of sizes of slit-like
mesopores accordingly burn-offs do not significantly influence on their effective radius. This
parameter can be regarded as a kind of "passport" characteristics of the carbon sorbent, de-
termined by the properties of the initial porous polymer matrix. Changing characteristics of
the feedstock (the content of cross-linking agent, the nature and content of the pore-forming
agent), it can be synthesized carbons with an effective radius of the mesopores from 3 to 210
nm. It is also found that at high degrees of burn-off (>60%) there is enlarging the size of
pores in the region of supermicropores. Essential for the SAC is the ability of achieving the
developed nanostructure of pores — high specific indicators of volumes of sorption (meso-
and micro-) pores, far exceeding similar characteristics of active carbons produced from tra-
ditional raw materials.

Half-width of slit-like micropores, nm

Half-width of slit-like mesopores, nm

5]
Sno

20 40 60 80
Burn-off, %
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TEPMOJAUHAMMUMKA AJICOPBIIMM HA MUKPOIIOPUCTBIX AJICOPBEHTAX
TP TEMITIEPATYPAX BBIIIE KPUTHYECKHUX

AM. Tonmaues, T.A. Ky3nenosa, H.I'. Kprouernkosa, 11.A. I'on0BHuKOB.
Mockosckuii cocydapcmeennulil ynusepcumem um. M.B. Jlomonocosa. Xumuueckuii
Gaxyromem 199992, Mockea, I'CII-2, Jlenuncxue I'opwi, 0om 1, cmpoenue 3,

E. mail: amtolmach@yandex.ru

Ha npumepe onmcaHus SKCHEpUMEHTAIBHBIX M30TEPM aJCOPOLMN METaHa, KCEHOHA U yT-
JIEKUCIIOTO Ta3a Ha MUKPOHOpHCTHIX akTUBHBIX yrimax AVK u [TAVY-10 nmpu temnepaTypax
BBIIIE KPUTHYECKOI [MOKa3aHa BO3MOXKHOCTH OIMCAHUS M30TEPM aAcOopOLK Ha MUKPOIIOpPHC-
TBIX ajacopOeHTaxX IpHM TEMIIEpaTypax BbINIC KPUTHYECKHX YypaBHEHUSAIMH JlyOwHHHA-
Panymikesnua u ypaBHeHHUsIMEH aOCOTIOTHOMN afacopOuun TonmaueBa-ApanoBuya [1] mpu 3a-
MEHE JIaBJICHUS] HACHILICHHBIX [1ApOB aJICOPOTHUBOB, UCIIOJIB3YEMbIX B KAUECTBE CTAHAAPTHBIX

o *
JaBJICHUM IIpU TEMIICpATypax HHKE KPUTUYCCKUX, HAa CTaHAapTHBIC JAaBJICHUS (Ps ), KOTOpBIC

HAXOJATCS JIMHEHHO!N J3KCTpanoysiuyeil 3aBUCUMOCTEHl Jlorapudma JaBiaeHHs HACBILIEHHOTO
napa aacopbtusa (InPs) ot 0OpaTHOit TeMepaTypbl B 3aKpUTHYECKYIO 00JIaCTh TEMIIEPaTyp.
B03MOXXHOCTh JIMHEHHOH AKCTpAIONSALMU MOATBEPXKICHA  pacdeToM H30TepM ancopOuLuu
METOJIOM MOJIEKYJISIPHON AHHAMUKHU B IIUPOKOM HHTepBaje Temreparyp [2]. Okazanock, 9To
Inng, aHasor paBHOBeCHOT0 cTanAapTHoro nasieHus (P), THHEHHO u3MeHseTcs Kak QyHKIHS
o0paTHOH TeMIepaTypbl B IIMPOKOM HMHTEpBaje Temieparyp Huke H Bbime (Ha 300-400K)
KPUTHYECKUX M TAHTCHCHI YITIOB HAKJIOHA JIBYX 3aBUCHMOCTEH OJTMHAKOBBI (CM. PUCYHOK).

14 -
> LnPL
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Takum 00pa3oM, 00a ypaBHEHHs] MOTYT OBITh HCIIOJIb30BAaHbI JJIsi OMHCAHHS H30TEPM
ajicopOIMK Ta30B HA MUKPOMIOPUCTHIX a7cOPOCHTaX.

Paboma svinonnena npu noodepocke PODHU, npoexm Ne 11-03-00446-a
JINTEPATYPA
1. AM.Tonmaues, T.A . Kysnenosa, 1.A.I'onoBukoB// @U3NKOXUMHS TIOBEPXHOCTH U 3aIUTa

marepuanos. 2011. T. 47. Ne 3. C. 227-231.
2. A; KM.Anyuun.//[Jucc. kaua. xuM. Hayk. UOXD PAH. Mocksa. 2011r.
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THERMODYNAMICS OF ADSORPTION ON MICROPOROUS ADSORBENTS AT
OVER-CRITICAL TEMPERATURES

A.M. Tolmachev, T.A. Kuznetzova, N.G. Kruchenkova, I.A. Godovikov
M.V. Lomonosov Moscow State University, Chemistry Department 199992, Moscow, Lenins-
kie gori, 1, bldg. 3 e-mail: amtolmach@yandex.ru

The possibility of adsorption isotherm characterization at over-critical temperatures was
shown on experimental adsorption isotherm descriptions for methane, xenon and carbon dio-
xide at microporous carbon adsorbents — AUK and PAU-10. The Dubinin-Rudushkevitch and
Tolmachev-Aranovich equations [1] were applied for characterization. The extrapolated stan-
dard saturated pressures of adsorbed gases (P,") were used instead of the saturated pressures
of adsorbed gases at below critical temperatures. The P~ was estimated by linear extrapola-
tion the function of the saturated pressures of adsorbed gases logarithm on reversed tempera-
ture at over-critical temperatures.

Correctness of linear extrapolation was proven by adsorption isotherm calculations via
MD simulations at wide range of temperature [2]. It was shown that Inns (equilibrium stan-
dard pressure Pg analogue) was linear function on reversed temperature at the below and over-
critical (up to 300-400K higher) temperature ranges. Tangents of these functions were equal

(Fig. 1).

14

., LnPyL
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Fig. 1

Thereby both eqations can be applied to charactirize adsorption isotherms on
microporous adsorbents.

The work was supported by RFBR, project No Ne 11-03-00446-a
REFERENCES
1. AM. Tolmachev, T.A. Kuznetzova, I.A. Godovikov // Fizikohimia Poverkhnosti I Zashchi-
ta Materialov. 2011. V. 47. Ne 3. P. 227-231.
2. K.M. Anuchin //Cand. Sci. (Chem.) Dissertation, Moscow, IPCE RAS. 2011r.
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ATIPUOPHBIE PACUETHI AJICOPBIIMOHHBIX PABHOBECHIT HA
MHPOIIOPUCTBIX AKTUBHBIX YI'JVIAX.

A M. Tonmaues, K.M. Aryuns, T.A. Ky3nenosa, H.I'. Kprouerkoga.
Mockosckuii cocyoapemeennuiii yrugepcumem um. M.B.Jlomonocosa, Xumuueckuu
Gaxynemem, 199992, Mocxkea, I'CII-2, Jlenunckue I'opu, 0. 1, cmp. 3
E-mail: amtolmach@yandex.ru

[pemioxen crnocod pacyera U30Te€PM aACOPOLUHM APOB B MOJEIBHOM IIOpE aKTUBHOTO
YIS METOZOM MOJIEKYJIAPHON JTUHAMUKH.

Ilokazano, uro mnpu BbIOOpe H(PGEKTUBHONH MIMPUHBI MOJEIBHOM IMOPHI  AJIs
CTaHJAPTHOTO Iapa B COOTBETCTBHUM C TeopUel OOBEMHOIO 3aloJHEHUs MUKPOIOp
paccUUTaHHBIC H30TEPMBI a[COPOLMU CTAHIAPTHOTO M APYTUX afcOpPOTHBOB KOIUYECTBEHHO
COOTBETCTBYIOT 3KCIIEPUMEHTANIbHBIM. OLIEHEeHBI IVIOTHOCTH M TEIUIOTHI aJICOPOIIMH.

MeTo0M MONEKYJISPHOH AMHAMUKH HE yIaeTcs HAJEeXKHO PACCUMTHIBATH HadallbHbIC
Y4YacTKH M30TepM. B 3Toli CBA3M IpeaokeHO HaXOAUTH IO MOTYy4YEHHBIM AAaHHBIM IapaMerT-
pBlI ypaBHeHHs abcomroTHOH afncopbuun TonmaueBa-Apanosuya (1) [1] 1 B cooTBeTCTBUM C
3TUM ypaBHEHHEM JKCTPaNoIMpoBaTh U30TE€PMbI K MaJlbIM 3amoiaHeHusM. Ha puc. 1 crom-
HBIMU KPUBBIMHU TIPEJICTaBICHBI SKCIIEpUMEHTaIbHbIE H30TepMbl MeTaHa Ha [TAY-10, uepHbI-
MH CHMBOJIAMU pe3yibTaTbl MJI- pacueToB, a CBETIBIMH CHMBOJAMM SKCTPANOJISLHUS I10
ypaBHenuto (1) mpu remneparypax 150 (mi), 370 (m=), 600K(® ).

INTokxazaHa BO3MOXKHOCTh NPHMEHEHMS MeTofa [J1 AampHOPHOTO pacdeTa H30TepM
a/IcopOLMM Ha MHUKPOIOPHCTHIX aJCOPOEHTaX KOMIIOHEHTOB I'a30BbIX, MAPOBBIX M XKHIKHUX
pacTBopoB (puc.2, u3orepma aacopOuuu Oenzona (MoJbHBIE NONU B agcopOounonHo# (Y) u
xuakoi (X) dazax) u3 pactBopa c staHonom, 293K, AY-1. CrutoniHas JMHUSI-IKCIIEPUMEHT,
TOYKH — Pacyer).
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PRIOR CALCULATIONS OF ADSORPTION EQULIBRIA
ON THE MICROPOROUS ACTIVE CARBONS

A.M. Tolmachev, K.M. Anuchin*, T.A. Kuztetsova, N.G. Kruchenkova
M.V. Lomonosov Moscow State University, Chemistry Department, 199992, Moscow,
Leninskie gori, 1, bldg. 3, E-mail: amtolmach@yandex.ru

The vapor at model microporous carbon pore adsorption isotherm calculation tech-
nique using Molecular Dynamics (MD) simulations was introduced.

It was shown that calculated and experimental adsorption isotherms for standard and
various adsorbents quantitatively agreed when effective pore width for standard vapor was
chosen according to the micropore volume filling theory. Densities and heats of adsorption
were estimated.

The initial isotherm part can’t be calculated using MD technique. In this context the
Tolmachev-Aranovich absolute adsorption equation (1) parameters were proposed to evaluate
from simulation results and to extrapolate isotherm to the small pore fillings according to
these parameters [1]. The methane isotherm at PAU-10 is presented on Fig. 1 for temperatures
-150K (m=), 370K (#¢) and 600K (e <) (solid lines — experimental, black dotes — MD results,
grey dotes — results of extrapolation according equation (1)).

The prior calculations possibility was shown for gas and liquid mixtures adsorption iso-
therm (Fig.2, benzene from benzene-ethanol mixture adsorption isotherm, mole rates for ad-
sorbed (Y) and liquid (X) phases, temperature — 293K, adsorbent — AU-1, solid lines — expe-
rimental, dotes — calculated).
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Fig. 1. Fig. 2.

The work was supported by RFBR, project No Ne 11-03-00446-a
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HU30TEPMA AJCOPBIIMU. UHTETPUPOBAHHUE 11O TAPAMETPY B METOJIE
MOHTE-KAPJIO

A.M. Bnacos
Tenzenckuil eocyoapcmeennuiii nedazo2uyeckuil ynueepcumem, vlasovai@bk.ru.

N3orepma ancopOuuu i OXHOPOIHOIO MHUKPOIOPUCTOrO ancopOeHTa (B mpHOIKe-
HHMHU HE3aBUCUMOCTH MUKpOIIOp) OblIa NpeasoxkeHa B pabdote [1]

NIB=Sn-2,03 27, (1)
0 0

Cuurast ra3oByto (asy uaeansHoil, hopmyiy (1) MOKHO IPUBECTH K BUIY

Nig=32 [ j o3t [ j . @

KOqurypam/mHHLIe MHTETrpajbl MOTYT OBITH BBIYHMCIIEHBI METOJOM HHTECTPHUPOBAHMS IO
napameTpy «BBIKJIIOYEHHs» MApHOr0 B3aMMOJCHCTBHUS (B paMKaxX CTaHAAPTHOTO ajlropuTMa
Moure-Kapiio). Jlist 3TOro 3Heprus npeacTaBisiercs B Bl/l)le

ZU +exp ZU(”) 3)

i<j

Kordurypanmonssie HHTErpaie Q, J.exp ( )/ kT) d7" OyIyT ONpPEAEeNsATHCS COOTHOILIe-
muen : 0, (0) =0, () exp(—1, /KT)  (4).

amax

3nech I, = jUy (a,? ”)- da - MHTErpaj Mo napamMerpy OT CpeAHEH dHEpruy MapHOro B3aHMO-
0

neiictus. OueBUIHO, 4To O, (amax ) =Q," (koH(UIypalMOHHBIH MHTErPaJl UAEATLHOTO rasa B

nonocty). @opmyna (2) npuHUMAET BUJL:

Nimﬁ. p'an' I P9 . _In
B & ( kT ) eXp( ij/Zn:n!( kT j eXP( ij ' ©)

Metonuka pacuera u30TepMsl 1o Gopmyie (5)
Oblla IMpOBEpeHa Ha MOJAEIBHOM aJcOpOeHTe
co ceprvecKUMH MOJIOCTIMH U azcopdaTe ¢
S MOAU(UIMPOBAHHBIM  MOTeHUHaNoM JleH-
Hapa-JlxoHca (6-12, «MsArkui» noreHuuanl, S
-MaJblii HapameTp)

Tm

T 0.6 ‘ 1 1

] U (r) =4¢ - .

' [(r/a)”+ﬁ (r/a)6+2ﬁJ
PesynbraTe! pacueToB npu

02 e=1, o=1, kT =1, §=0,01 MOKa3aHbI HA
pucyHke. Pazmep nonoctu R = 2o . Makcu-

0 05 1 15 2 25 3 35 4

0.0.PIX MaJIbHOE YHCJIO YacTHIl B TOJIOCTH PaBHO 22..
Hwxusist kpuBas — n3otepMa, paccuntansas o ¢popmyie (5). [lyHkTupHas nuHusS —M30TepMa,
paccunrtanHas 1o GpopmyJe (5) npu BHIKIIOYEHHOM MTApPHOM B3auMoJieicTBUU. TpeThs (cpel-

kT 1 6[
HsIsl) KpHBasi — H30TepMa OfiHOM momocti: P(n) = n-k exp . (6)
[0 kT on

JIUTEPATYPA
1. B.A. Bakaes. K Bompocy 0 cTaTUCTHYECKO# TepMOANHAMHUKE aJCOPOIHOHHOTO paBHOBE-
cus aist neonutoB. JIAH, 1966, 1. 167, Ne 2, ¢. 369-372.
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ADSORPTION ISOTHERM. INTEGRATION OVER PARAMETER IN THE
MONTE-CARLO METHOD.

A.lL Vlasov
Pensa State Pedagogical University, vliasovai@bk.ru

Adsorption isotherm for a homogeneous microporous adsorbent (in the approximation of in-
dependence of micropores) was proposed in [1]

N/B=Yn-X"-2,/3 X Z, . (1)
0 0

For an ideal gas phase the formula (1) can be reduced to

"o p n mo1 p n
N/B=) —|—|-0,/)—|—| - . 2

;n! (kT] 2, ;n!(ij o, @)
The configuration integrals can be calculated by integrating the parameter “off” pair interac-
tion (using the Monte Carlo method). For this case the energy can be represented as

U(a)= U )+ exp(-a)- 3 UG : 3)

i<j
In this case, the configuration integrals Q, :Iexp(U (F " )/ kT ) d 7" will be determined by the
formula, 0,(0)=0Q, () -exp(~1,/kT) @

o max

where [, = J l7[/ (a, r" ) da is an integral to the parameter of the average energy of pair in-
0

teraction. Obviously, O, (amax)= O," (the configuration integral of ideal gas in the cavity).
The equation (2) becomes

sn (p0Y L, 1(p0Y I,
N/B=) — | —]| - - /Yy — . —n . 5
2o ( kT ] ex‘{ ij ;n!( kT } eXp( kT] ©
The method of calculation of the isotherm according to the formula (5) was tested on a model

adsorbent with spherical cavities and the adsorbate with a modified Lennard-Jones potential
(6-12, “soft” potential, £ - a small parameter)

1 1
vtr)= 45{(r/o‘)‘2 3 (rlo)f +2ﬂj - ©
e B e The results of calculations  for
i e=1, 0=1, kT=1, #=0,01 are shown
in Fig. The size of the cavity is R=20.

o) ; The maximum number of particles in the
’(‘ cavity is 22. The lower curve is the iso-
B therm calculated by the formula (5). The
dashed line is the isotherm calculated by
02 the formula (5) in the absence of the pair
interaction. The third (middle) curve is the

) . S ———, isotherm of one cavity:

p.p.Pl(x) . a[
P(n)= nkT exp(i-—"j. @)
o) kT on

REFERENCE
1. V.A. Bakaev. On the statistical thermodynamics of adsorption equilibrium for the zeolites.
DAN, 1966, v. 167, Ne2, p. 369-372.
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TEOPHUS PEAJILHOM AJICOPBIIAU

Maxkapesuu H. A.
Hayuonanvnas akademus nayx benapycu, HOHX. Munck. Benapyce. E-mail: nikma@tut.by

Teopus peanbHoit ancopoimu (TPA) siBiseTcs 00001IeHHON Teopuei ancopOunu orpa-
HUYEHHOTO 00beMa (II0pa) M MOBEPXHOCTHOTO CJIOSI KOHEYHON TONIIUHEI (MOHOCHO0I). TPA
BBITEKAET U3 ypaBHEHHUIT cocTossHUs uaeanbHoro @=PV=nRT (1) u peanbHoro raza @*=pP*)=
n*RT = gnRT (2). 3aecs g=n*/n — 0000UICHHBIIT KpUTEpHit (KOIDPHUIIUCHT) HEUICATEHOCTH
(H.A.MakapeBu4), Kak (yHKIHS OT OTHOCHTEIBHOTO PEaJbHOTO M MICAIBHOIO KOJIMYECTBA
Moueil B cucteme. KonmaecTBo Moieil B cucteMe MOXKET MEHATBCS B Pe3yIbTaTe IPOTEKaHHs
peaNbHBIX MPOLECCOB MEKYACTHYHOTO B3aUMOJEHCTBHS (aCCOLMALNS, KIACTePU3ALHSL, . .., T.C.
YHopsaaoueHus 3JIE€EMEHTOB CI/ICTeMb]) H MEXKYaCTHUYHOI'O OTTAJIKMBAHMUSA (llI/ICCOLII/IaLlI/Iﬂ, pac-
maj,... T.e. pa3yHnopsJoueHHs IEMEHTOB cucteMbl). O6a mpolecca IPOTEKa0T OJHOBPEMEH-
HO: 8=1-forat Quora (3), TIE [ora—CyMMapHas 10115 (TepMOJMHAMHYECKAs BEPOSTHOCTb) YIO-
pAIOYCHHBIX (CBSI3aHHBIX MEXIY COOOH) 3JIEMEHTOB CHUCTEMBI, Ofyorg — CYMMAapHasi IOJIS
(TepMOAMHAMHYECKAsE BEPOSITHOCTD) Pa3yNoOpsIOYCHHBIX (HECBSI3aHHBIX MEXTy co60if) aie-
MEHTOB CHCTEMBI. B peanbHBIX CHCTeMax, BKIIIOUAsi aICOPOLHIO, g OTCICKHUBACT KOHKYPEHT-
HbIe (IIPOTUBOMOJIOKHBIE MO 3HAKY) MPOLECCHI: NOPAOOK <> XAocC, npumsdicenue (—) <> om-
mankusanue (+); cocamue (—) <> pacuwiuperue u m.o., U ONPEAEISICTCS OTHOLICHUEM (aKTH-
4ecKoro (peaabHOro) 4ycia yHOPSIOYCHHBIX W HCYMOPSIOYCHHBIX 3JIEMEHTOB CHUCTEMBI K
TeopeTndeckoMy. @ u @* — HYHKUNM COCTOSHUS MICATLHOIO U PEaIbHOTO ra3a IPONOpLHO-
HaJIbHBIE JABJICHUIO P u P* COOTBETCTBEHHO, N U n*-— Koauuecmeo moneu uoeansHo2o u pe-
anvroeo easza; V,R, T — 00beM, yHHBepcalbHasi Ta30Basi OCTOSHHAS, a0COJIOTHAS TeMIIePaTy-
pa.

N3 TPA Beitekaer ocmotmueckas teopusi aacopbumu (OTA) — B.B.Cepmunckuii,
b.I1.bepunr, T.C.SIxy60B. OTA — ypaBHEHHE COCTOSHUS aJCOPOLUOHHOI (ha3bl HEImocpeacT-
BCHHO CBS3aHO C OCMOTHYECKHM PAaBHOBECHEM M SBILICTCS aHAJIOTOM YDPaBHEHHS PEalbHOTO
raza: @*=gW=nS =g*n,RT (4).3nech @*—pyHKUUS COCTOSHMS peanbHOH ancopOIMOHHOM
CHCTEMBI NPONOPIUOHATEHAS OCMOTHYECKOMY NaBJICHHIO BaKaHCHOHHOTO pactBopa z. Jlis
MOPUCTBIX aICOPOEHTOB 77 —AEHCTBYIOLIEe pealbHOe JaBIEHUE B aCOPOLMOHHOM 00beme W,
JUISL HETTOPUCTBIX 7 — IBYMEPHOE JaBJIeHHE (TOTJa BMECTO J¥ BBICTYIAeT IOBEPXHOCTH S), g* —
ocMOTHYECKHH KO3 duIMeHT BakaHcuil. BakaHcHsIMH B aJcOpPOILMOHHOM CHCTeMe CIy)KaT
9JIEMEHTBI IIyCTOr0 HOPHUCTOrO IMPOCTPAHCTBA M IIOBEPXHOCTHOTO CJIOS1 KOHEYHOI TONIIMHEL, 1,
—MpeeNbHOE KOJINYECTBO MOJICH B OTPAHUYCHHOM MPOCTPAHCTBE.

B Teopuu ascopOuuM ra3os, HapoB U )KHAKOCTEH Ha MUKPOIOPHUCTBIX afCOPOCHTaX MPH
BbICOKUX JaBneHmsIX (B.B.Ceprunckuii, A.A.®omkuH, A.B.TBapnosckuii), nedopmanus ai-
copOeHTa cBs3aHa ¢ KOA(hPHUIMCHTOM CKMMAEMOCTH (paciiipenusi) Z. Y paBHEHHE COCTOSHUS
MOYeM TpeicTaButh B Bune: @*=aW =Zn,RT (5).B ypaBuenusix (4) u (5) koapdumnmeHTs
g* ¥ Z BBINONHAIOT T€ e (QyHKIMHU, YTO U g, (PU3MYECKUH CMBICI KOTOPOTrO PacKphbIBaeT
ypaBHenue (3).

Taxum o6pa3oM, noctpoeHue obuiell Teopun peansHoit ancopounu (TPA) cBomurcs k
BBEJICHUIO KPUTEPHS g B COOTBETCTBYIOLINE YPABHEHHMS JUIS UICATBbHOM aicopOImu.
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THE THEORY OF REAL ADSORPTION

N.A. Makarevich
National academy of Sciences of Republic Belarus, Minsk. Belarus.

E-mail: nikma@tut.by

The theory of real adsorption (TRA) is the generalized theory of adsorption of the li-
mited volume it (is time) also a blanket of a final thickness (monolayer). TRA follows from
the equations of a condition ideal

®=PV=nRT 1)
and real gas
@*=P*V =n*RT = gnRT . 2)
Here g = n*/n is the generalized criterion (factor) non ideality (N.A.Makarevich), as function
from relative real and ideal quantity of moths in system. Dominant role in the theory carries
out GNF. GNF is the general non-ideality factor (criterion) of thermodynamic systems
g:]'ﬂard+ a;mm', (3)
where f,,4 is summary a fraction (thermodynamic probability) ordered (connected among
themselves) system elements and @y, is summary a fraction (thermodynamic probability)
non ordered (untied among themselves) system elements. In real systems, including adsorp-
tion, g traces competitive (opposite on a sign) processes: an order «»> chaos; an attraction (—)
<> pushing away (+); compression (—) <> expansion (+) etc., also is defined by the relation of
actual (real) number of the ordered and disorder elements of system to the theoretical. ® and
@®* are functions of a condition of ideal and real gas proportional to pressure P and P* accor-
dingly; n and n* are quantity of particles of ideal and real gas; V is volume, R is a universal
gas constant, T is absolute temperature.

Construction of the general theory of real adsorption is reduced to introduction of the
generalized criterion g (factor, multiplier) in the corresponding equations for ideal adsorption.
From TRA the osmotic theory of adsorption (OTA) (V.V. Serpinsky, B.P. Bering, T.S. Jaku-
bov) and the theory compressibility of adsorbents (TCA) (V.V. Serpinsky, A.A. Fomkin,
A.V.Tvardovsky) follows.

In the report appendices of the theory to real systems adsorption are considered.
The theory of real adsorption (TRA) is the generalised theory of adsorption of the lim-
ited volume it (is time) also a blanket of a final thickness (monolayer).
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BJIMSAHUE ®JYKTYALUMI IJIOTHOCTU HA CEJIEKTUBHOCTb
AJICOPBIIMH CMECEM HA MHUKPOKPUCTAJIIAX

E.E. I'Bo3nesa, B.H. Komapos, 10.K. Tos6uH,
QOI'VII «Hayuno-uccnedosamenvckuti huzuxo-xumuveckuti uncmumym um. JI. A. Kapnoeay,
Mocksa, 105064, nep. O6yxa 3-1,12, cmp. 6; e-mail: tovbin@cc.nifhi.ac.ru

AZCOpOLIOHHBIE MTPOLECCHI B YIbTPAJAUCHEPCHBIX CUCTEMaX CHIIBHO 3aBUCAT OT CTelle-
HH JUCIIEPCHOCTH, XapaKTepa CIIeKaHHe AUCHEPCHBIX MaTepHaloB M THIA HOPHCTHIX CTPYK-
Typ C Pa3HOH CTENeHbI0 crnpeccoBaHHOCTUH. C yMEHBIIEHHEM pa3Mepa YacTHI] JTUCHEePCHBIX
MaTepualioB U pa3Mepa 1op Bce 0oiee CyIeCTBEHHbIMH CTaHOBATCS d(deKThl (iayKTyarmu,
HO3TOMY BOIIPOC O PO (UIYKTyalnii IIIOTHOCTH IIPU aJcOpOIMH cMecell Ha HEOXHOPOIHBIX
MOBEPXHOCTSIX SIBISETCS KIIIOUEBBIM IIPH PACCMOTPEHHH OBEPXHOCTHBIX NPOIIECCOB HA MHUK-
pOKpHCTaJIaX.

B pabote pa3zpaboTaHbl OCHOBHI (NIYKTyalIOHHOWH DPaBHOBECHOH TEOPHH ancopOIuH
MOJIEKYJI B MHKPOTETEPOT€HHBIX CHCTEMaxX C y4eTOM aTOMapHOTO CTPOCHHUs OTKPBITHIX MO-
BepxHOCTeH U cTeHok nop. [Ipouecce agcopOuun paccMaTpuBaeTcs B 00JIbIIOM KAHOHHYECKOM
aHcam6ie. BennunHa ydacTka MOBEpXHOCTH, HaXOJsIeiicss HAa TPaHU, COACPKUT YHUCIIO all-
COpOILIMOHHBIX [IEHTPOB B auamna3oHe ot 10 1o 10°. Dr0 mo3BOISIET «3arysHyTh BriyOb» Ma-
JIOH CHCTEMBI, KOTOpast SIBJISETCS MOACUCTEMOI MaKPOCKOINYECKOH CUCTEMBI, U POaHAIIH3H-
poBaTh poiib BO3pacTaHust (IIYKTyaluil IpU YMEHBIICHUH pa3Mepa CHCTEMBI.

HcenenoBaHo BIMSHHUE OrPaHUYEHHOCTH IUIONIAIM I'PaHel MUKPOKPHCTAIIOB U PaBHO-
BECHBIX (UIYKTyallUi Ha XapaKTePUCTUKH CEJIEKTUBHOCTH IPH aicopOIun OMHApHBIX cMecei
MOJIEKYJI, IPOTEKAIONIMX Ha YaCTHI[AX HAHOMETPOBOT'O UAIa30Ha.

O0cyxnaercsi BinusiHue (IIyKTyaluil TJIOTHOCTH aJCOPOMPOBAHHBIX MOJIEKYJ Ha map-
LHaJIbHbIe U30TepMBI ajicopbimu. Paccmorpena npouenypa pacuera GuIyKTyalui MI0THOCTH
Ha HEOJHOPOJIHBIX MHKPOYACTHIAX, UMEIOUINX pa3Hble I'PaHH, OTIMYAIOIIMECS SHEPTHAMH
CBSI3M MOJIEKYJI C MOBEPXHOCTHIO. [loyueHo, uto HanboJblee BIUsHUE QIyKTyalMi IIoT-
HOCTH HPOSIBIISIETCS TIPU MAJIBIX 3aI0JHEHUAX KaXKIOH IPaHH YaCTHUIIbI, YTO MPOSIBISETCS HA
BCEX XapaKTePHCTHKAX MOBEPXHOCTHBIX MPOLIECCOB.

PaccMoTpeHo BiMsHEE JaTepaibHBIX B3aUMOACHCTBUIT MEX/y aJCOPOMPOBAaHHBIMU MO-
JIEKyJIaMH Ha BUJl M30T€PM B MPHOIIKEHUAX CPEIHETO IO U KBa3MXUMUUECKOM IPUOIH-
JKEHHH, YYUTBIBAIOLIEM KOppensiuoHHble 3(¢dexTsl. B mepBoM ciy4ae BIMsiHHE JaTepab-
HBIX B3aMMOJCHCTBUII NPOSABIAETCS NPH YIbTPa-MallbIX U BBICOKUX CTENEHAX 3alOJHEHUH, a
BO BTOPOM CiIyuyae B 00JaCTU MaJbIX U OOJIBIIUX 3aMOJHEHHH J1aTepalibHble B3aUMOJEHCTBHS
(hopMHPYIOT «()OH», HA KOTOPOM OCHOBHOM BKJIaJ] BHOCST Pa3HbIe HEOIHOPOIHBIE LICHTPHI.

CeneKTHBHOCTb MOBEPXHOCTHBIX IPOLIECCOB UMEET BaXKHOE BIIMSIHUE IPU MHTEpIIpeTa-
LMY SKCHEPUMEHTAIIBHBIX JAHHBIX Ha MaJbIX YacTHIaX. Takoro poja BONPOCH BO3HHUKAIOT B
NPAKTHYECKUX CUTYALUSX MPH PACCMOTPEHUM CBOMCTB aKTHBHBIX KJIACTEPOB B KaTaNU3€, XU-
MHYECKHX CEHCOPAaX, U IPYyrUX aHAJIOTUYHbIX CHCTEMAX.

Paboma svinonnena npu noodepacke PODU (npoexm Ne 09-03-00035a).
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DENSITY FLUCTUATIONS INFLUENCE ON SELECTIVITY OF MIXES
ADSORPTION ON MICROCRYSTALS

E. E. Gvozdeva, V.N. Komarov, Yu.K. Tovbin
Karpov Institute of Physical Chemistry, Moscow, 105064, per.Obukha 3-1, 12, building 6;
E-mail: tovbin@cc.nifhi.ac.ru

Adsorption processes in ultradisperse systems strongly depend on degree of dispersion,
character sintering of disperse materials and type of porous structures with different degree of
compression. With reduction of the size of particles of disperse materials and the size of a
pores more and more essential there are fluctuation effects, therefore a question on a role of
the density fluctuations at mixes adsorption on non-uniform surfaces is key by consideration
of surface processes on microcrystals.

In the given work molecular theory, based of the equilibrium fluctuation theory for mo-
lecules adsorption in microheterogeneous systems taking into account an atomic structure of
open surfaces and walls of a pore, is developed. Adsorption process is considered in the grand
canonical ensemble. The crystal surface side contains number of the adsorption centres in a
range from 10 to 10°. It allows «to glance deep into» small system which is a subsystem of
macroscopical system, and to analyse a role of increase of fluctuations at reduction of a size
of the system.

Influence of limitation of the area of sides of microcrystals and equilibrium fluctuations
on selectivity characteristics is investigated at adsorption of binary mixes of the molecules
proceeding on nano-sizes particles.

Influence of the density fluctuations for the adsorbed molecules on partial adsorption
isotherms is discussed. Procedure of calculation of the density fluctuations on the non-
uniform microparticles having different sides with differing energies adsorption of molecules
on a surface, was considered. It was received, that the greatest influence of fluctuations of
density is shown at small fillings of each side that change all characteristics of surface
processes.

Influence of the lateral interactions between the adsorbed molecules on a behavior of
adsorption isotherms in approximations of the average field and the quasichemical approach,
which taking into account correlation effects, have been considered. In the first case influence
of the lateral interactions is shown at ultra-small and high degrees of fillings, and in the
second case in the field of small and big fillings natepanbhusie interactions form "background"
on which the basic contribution is brought by the different non-uniform centres.

Selectivity of surface processes has the important influence at interpretation of experi-
mental data on small particles. Such questions arise in practical situations by consideration of
properties active clusters in karanuse, chemical sensor controls, and other similar systems.

Work is fulfilled at RFBR support (the project Ne 09-03-00035a).
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MOJIEKYJISAIPHO-JUHAMUWYECKOE MOJEJTUPOBAHUE CTPYKTYPbl ®PAIMEHTA
CYJb®OKATHOHOOBMEHHUKA B NA-©OPME

JI.C. Heuaesa, E.B. Bytsipckas, B.A. lllanomnnk, B.®. Cenemenes
T'OY BIIO «Boponesicckuii 2cocyoapcmeennvlil ynugepcumemy, 394006 Boponeoie, Ynusepcumemckas
na., 1,E-mail: Isnechaeva06@yandex.ru; bev5105@yandex.ru

Ha ocHOBaHMM KBaHTOBO-XMMMYECKOTO MOJEIMPOBAHMS YCTAHOBJICHO HAIUYHE MOJIe-
KYJI BOJIbI MEX/Y (DMKCUPOBAHHBIM U IOJBHXKHBIM MOHAMH B ONTHMHU3UPOBAHHON CTPYKTYype
Cyb(OKATHOHOOOMEHHHUKA, YTO TO3BOJISIET CIENaTh 3aKIIOUSHHE O TOM, YTO yICPIKHBAHHUE
HOHOB B JAHHOW CHCTEME OCYILECTBISIETCS HE TOJIBKO 33 CUET AIEKTPOCTATHUYECKOrO B3aUMO-
JIEUCTBHUsI (PUKCHPOBAHHOTO M IMOJBH)XKHOTO MOHA, HO M 3@ CYET BOJOPOIHOM CBS3H MEXIY
THAPATHBIMH 000J0YKaMHU MPOTHBOMOHOB. BhIlIen3iokeHHOe 00yCIaBInBaeT aKTyalbHOCTD
HCCIIEIOBAHUS CBOMCTB BOJOPOJHBIX CBSI3el B I'MAPATHPOBAHHBIX MOHOOOMEHHUKAX IS U3Y-
YeHHs! IIPOIIECCOB COPOLIMHK B 3THX cucTeMax. B HacTosiuieil pabore ¢ mpUMeHEHHEM MOJIEKY-
JSIPHO-IMHAMUYECKOTO MOJISIIMPOBaHUS HCCIe0BaHbI napaMeTpbl H-cBsi3ei, oOpasyrommxcst
MEXKAY MOJIEKYJIaMH BOJBI 013U (YHKIMOHAIBHBIX TPYII Cylb(oKaTHOHOOOMeHHUKa. Vc-
cieayeMasi MOJENb BKIIFOYana B ce0s [Ba COCTaBHBIX IOBTOPSIOIIMXCS 3BEHA CYJIb()OKATHO-
HoOOMeHHHKA B Na-(opMme, IIOMELIeHHBIX B BOAHOE OKpyxeHue. [Ipu MopenupoBanuy BOIU-
31 (YHKIMOHAIBHOM TPyl HAX0AMWIOCh B cpeaneM 10 — 12 Moseky Bofbl, o0liiee Kojnye-
CTBO MOJIEKYJI BOJIbI Ha JIBa 3BEHA COCTABILUIO 66. B xayecTBe HaYaJbHOIl CTPYKTYpHI (par-
MEHTa UCCIIeyeMOH CHCTEMBI BBIOpaHa CTPYKTypa ¢ KOHTAKTHOI MOHHOW mapoii. Pacuer no-
Kazajl, YTO C TEYEHHEM BPEMEHHM MOJIEKYJIbl BOJbI BHEIPSIOTCS MEXLY (PUKCHPOBAHHBIM H
MOJIBH)KHBIM HOHOM, T.€. POUCXOMUT TUCCONUANUS HOHHOM MapBbl.

%

% (] mawHe! soRopoaroit caas [0,260 -0,278] Hm JlMHaMuKa M3MEHEHMs JUTHH BOJOPOIHBIX
ATMHBI BOROPOAHON cBSaH (0,278 - 0,330] HM

cBs3eil B cTpykType (parMenTa cyabhoka-
THOHOOOMeHHHKa B Na-dopme. Jleswiil
cmonbey — oo H-cesszeil 6 cuopamupo-
BAHHOM KAMUOHOOOMEHHUKE, ONUHbL KOMO-
PbIX MeHblte cpedHell Onutbl 6000POOHOO
MOCMUKA 6 800€ C HEHAPYUIeHHOU CMPYK-
mypoti (0.278 wum), npagwiii — oona H-
céazell, ONUHbL KOMOPbIX Oonbiie, 4eMm 6
800€ ¢ HEeHapYWeHHOU CMpPYKMypoll, nouy-
yeHHble MemOoOOM MONCKYIAPHOU OUHAMU-
KU NpU pasiuyHOM 6peMeHU I60TI0YUU
cucmembl.

Bpema cUcTeMbl, Nc

B pesynbraTe pacyera yCTaHOBICHO, YTO AJIMHBI BOJOPOIHBIX MOCTHKOB MEXIY MOJIEKYJIaMH
BOJbI BO (pparMeHTe Cyiab(pOKaTHOHOOOMEHHHKA SIBJISIIOTCS JIMHAMHYECKUMH BEIMYMHAMH,
3aBUCSIIIIMMH OT BpeMeHH. Kak BHIHO M3 pUCYHKA, IIPH BPEMEHH 3BOJIIOIMH CUCTEMBI, 00IIb-
uiem, yem 200 1ic, 3HAYUTENbHAsI YacTh BOJOPOJHBIX MOCTHKOB BO (pparMeHTe KaTHOHOOO-
MEHHHUKAa UMEET JJIMHY, OOJBIIYIO, YeM B BOJAE C HEHApPYLICHHOH CTPYKTYpOH, YTO CBHJE-
TeNnbCcTBYeT 00 ocnabnenun H-cBsizeil B ucciaen0BaHHOM (parMeHTe 0 CPAaBHEHHUIO C TaKo-
BBIMH B JKHJKO# Boae. OcnabieHne BOIOPOJHBIX CBsI3eH MEKy MOJIEKYJIaMH BOJbI 00YCIIOB-
JICHO pa3pyIICHHEM CETKH BOJOPOJHBIX CBsI3ei HOHOOOMEHHHUKAaMHU, (PMKCUPOBAHHBIEC TPYIIITHI
KOTOPBIX 00JIafal0T OTPULIATEIbHBIM THIIOM Tuaparanuu. [Ipryem pacuer mokasai, 4To gaxe
B ClIy4ae MOJIOXKMTEIBHOTO TUIIAa MMAPATAllMd KaTHOHA B UCCIIEIOBAaHHOH CHCTEME, COBMECT-
HOE BO3JICICTBHE KaTHOHA M aHMOHA Ha CTPYKTYpPY BOJBI SBISIETCS paspyLIalomnM. Takum
obpa3oMm, paspyuiatoniee AeHCTBUE OTPUIATEIBHO T'HAPATHPOBAHHOIO aHHOHA MpeodiagaeT
HaJl OPHEHTHPYIOLIUM AEHCTBUEM ITOJIOKUTEIBHO THIPATUPOBAHHOTO KATHOHA.
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MOLECULAR-DYNAMIC SIMULATION OF STRUCTURE FRAGMENT
SULFO CATION-EXCHANGER IN THE NA-FORM

L.S. Nechaeva, E.V. Butyrskaya, V.A. Shaposhnik, V.F. Selemenev
Voronezh State University
394006 Voronezh, Universitetskaya pl. 1
E-mail: Isnechaeva06@yandex.ru; bevs105@yandex.ru

On the basis of quantum-chemical simulation the presence of water molecules be-
tween the fixed and mobile ion in the optimized structure of sulfo cation-exchanger is estab-
lished, that allows to make the conclusion that the keeping of ions in the given system is car-
ried out not only at the expense of electrostatic interaction of the fixed and mobile ion, but
also at the expense of hydrogen bonds between hydrated shells of counter-ion. Above-stated
causes topicality of research of properties of hydrogen bonds in hydrated exchangers for study
of processes sorption in these systems. In the present work with application of molecular-
dynamic simulation the parameters of H-bonds formed between water molecules near func-
tional groups sulfo cation-exchanger are investigated. The researched model included two
compound repeating links of sulfo cation-exchanger in the Na-form placed in a water envi-
ronment. At the simulation near to functional group there were on the average 10 - 12 water
molecules, total of water molecules on two links was 66. The structure with contact ion pair is
chosen as initial structure of the fragment of researched system. The calculation has shown,
that with current of time water molecules penetrate between the fixed and mobile ion, i.e. oc-
curs dissociation of the ion pair.

7 .
% Y fengths of hydrogen bond [0.260 - 0.278}, nm Dynamics of change of lengths of

[ lengths of hydrogen bond (0.278 -0.330], nm hydrogen bonds in fragment struc-
ture sulfo cation-exchanger in the
Na-form.

The left column - share of H-
bonds in the hydrated exchanger,
which lengths are less than aver-
age length of the hydrogen bridge
in water with the undisturbed
structure (0.278 nanometers),
right column - share of H-bonds,
which lengths are more than in
water with the undisturbed struc-
ture received by the molecular
dynamics method at various time

10 200 a0 600 800 1000 of evolution system.
time of evolution system, ps

As a result of calculation is established that the lengths of hydrogen bridges between
water molecules in the fragment sulfo cation-exchanger are dynamic magnitude, time-
dependent. As it is visible from figure, at time of evolution of system, greater than 200 ps, the
significant part of hydrogen bridges in the fragment cation-exchanger has length large, than in
water with the undisturbed structure, that indicates to easing of H-bonds in the investigated
fragment in comparison with those in liquid water. The easing of hydrogen bonds between
water molecules is caused by destruction of a grid of hydrogen bonds of cation-exchanger
fixed groups which have a negative type hydration. And the calculation has shown what even
in case of positive type hydration of cation in the investigated system, the combined influence
cation and anion on structure of water is destroying. Thus, the destroying action of negatively
hydrated anion prevails above focusing action of positively hydrated cation.
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MOJEJUPOBAHUE COPBIIAN MIOHOB CEPEEPA HA YIJIEPOJIHOM
MNOBEPXHOCTH

T.1O. Adonuna, E.B. Kyznpssuesa, O.U. Pannun, O.B. [lynapesa
Hpkymcekuil 20cyoapcmeeH bl mexHU4ecKuil yHugepcumem
664074 , 2. Upxymck, ya. Jlepmonmosa, 83, men.(3952)405-763,

e-mail: tat—afonina@yandex.ru

Iporecc copOLUKM HOHOB METAJUIOB M3 PACTBOPOB MOXKHO IPE/ICTABUTH B BHJE MaTeMa-
THUYECKOH MOJEIIH, CBSI3BIBAIOIIECH BEIMYMHY aACOPOLUM C HE3aBUCHMBIMH NEPEMEHHBIMHU —
KOHILIEHTpauueH, Temneparypoii u Bpemenem: 4 =flc, T, 7) (1)

MeTouKa MOCTPOEHUsT MOJIEU ancopOiu KomiuiekcHoro uona [Ag(CN),]  u3 pac-
1BOopa Na[Ag(CN),] npemycMaTpuBaeT HECKOJIBKO BapUAHTOB MTOTOBBIX ypaBHEHHH, U3 KO-
TOPBIX 3aTeM BBHIOHPAIOT HauOoJiee yIAavyHOe, MOJHOCTHIO aJANTHPOBAHHOE K H3ydaeMoMy
npoueccy. [lonydyeHHble ypaBHEHHs MOTYT OBITh HCIOJIB30BaHbI JUISl IIPOCKTHPOBAHHS TEXHO-
JIOTUYECKUX MPOLECCOB aICOPOLIMHU B 3aIlaHHBIX BHELIHUX yCIOBHUSIX.

B ocHOBe 4eThIpexnapaMeTpuueckoro ypasHenus (1) jgexar 3aBUCHMOCTH THIIA: A

—flo) @; A=fle, ) (3); A=fl) (@) u A=flr. T) (5).

WcxomupiMu TaHHBIMU [UTs ypaBHEeHUs (2) u (4) SBISUIMCH SKCIIEPUMEHTANIbHbIC JaHHbIC
aJIcOpOLMK U3 MOJIEBHBIX PACTBOPOB HA TBEPIBIX aJCOPOEHTax, MOJyYeHHbIC B J1abopaTop-
HBIX yCJOBHSX. MaTremaTnueckass 00pabOTKa MEpBUYHBIX PE3yJIbTaTOB KCIEPHMEHTOB MO-
3BOJISICT HAWTH KOI(GHUIUEHTHI (@;) 3aBUCUMOCTH THIIA!

A=ay+a -c+a,-c (6) m A=a,+a -t+a, 7> (7)

Jlnst BeIBOza ypaBHeHuit (2) u (4) ObUT BBIOpaH METO/] HAMMEHBIINX KBA/IPATOB.

B rtabun.1 mpeacraBieHbl MAacCHBBI TOYEK aIMPOKCHMAIMOHHBIX KPHBBIX 3aBHCHMOCTH
(2) u (4), monydueHHbIX mpu Temmepatypax 293, 313 u 333 K.

Tabauna 1

HMcxozHble 1aHHBIE MOJIEIMPOBAHHUS IIpoliecca agcopounu Ha copbente AJI-05-2

Bpems Temnepatypa, K
T,MHH 293 313 333
KomnuenTpanus, EMKOCTB, Konuenrparmsi, Emkocts, Konuentparus, EmKkocTb,
C, r-uoun/n A, C, r-uon/n A, C, r-uon/n A,
r-HOH/T r-HOH/T r-HOH/T

10 0,0033 0,0494 0,0057 0,0688 0,0056 0,0563
20 0,0071 0,0938 0,0132 0,1063 0,0096 0,0813
40 0,018 0,1436 0,0262 0,1313 0,019 0,105
60 0,0241 0,1569 0,0275 0,1375 0,028 0,1119
80 0,0243 0,1581 0,0275 0,1375 0,0291 0,1163

AZIeKBATHOCTb MOJIyYEHHBIX YPaBHEHUH K M3y4aeMOMY IPOLECCY ONPEAENSUIN MO BEIUYHHE
CPEIHEero CTaHJapTHOTO OTKJIOHEHWsS. 3Ha4eHHWEe EMKOCTH, paccuuTaHHoe 1o (2) u
OKCIIEPHMEHTANILHOE CPABHUBAIM MEXIY coboii o popmyre: § _ (Z(Apam - Aux,u)/ Ay ) 100

n
I/ie 8 — CPEIHEE CTAHIAPTHOE OTKIOHEHHE; Apuey U Ay — PACUETHAS M U3MEPEHHAS EMKOCTH;
1 — 9HCII0 U3MEPEHUIT B Inara3oHe Temiepatyp ot 5 10 90 MuHyT.

Jlnist anexkBaTHBIX MoJieNiet & He noipkHa npeBbimars 10% , B Haem cityyae
YCpeIHEHHBIE  3HAYECHUs  OTHOCHUTEIBHOIO  OTKIOHEHHS  pacyeTHOH €MKOCTH  OT
IKCIIEPUMEHTAIPHOW He TNpeBblIaloT 4,5%, YTO CBHIETENBCTBYET 00 aJeKBATHOCTH
MaTeMaTUYeCKUX 3aBUCUMOCTEH pealbHOMY IHpoleccy aAcopOLMu M HOATBEPXKIAET
MIPaBUJIBHOCTH BBIOPAHHOTO TOXOJa K pacdeTy OSMIHMpPHYCCKHX KoddduimeHToB (a;)
ypaBHenwuii (6) u (7).
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THE MODELING OF SILVER IONS ADSORPTION ONTO THE CARBON
SURFACE

T.Yu. Afonina', Ye.V. Kudryavtseva, O.1. Randin’, O.V. Dydareva’
Irkutsk Research Institute of Precious and Rare Metals and Diamonds,
? National Research Irkutsk State Technical University
38, Gagarina blvd., Irkutsk, 64025, e-mail: tafonina@jirgiredmet.ru

The process of metals ions adsorption from solutions can be given as a mathematical
model, which connects the adsorption value with independent variables-concentration, time
and temperature: A=f(c,T,7) (1).

Several options of overall equations are used to build the model of complex ion
[Ag(CN),]" adsorption from Na[Ag(CN),]solution. Then, the best equation, which is fully
adapted to the process studied is chosen. The equations calculated can be used to design
adsorption flowsheet under given external condtions. Four-parameter equation (1) is based on
these types of correlations:

A=fle) 2); A=fie,T) 3 A=fD) @) u 4 =1z, 1) (5).

The test data on adsorption from model solutions on solid adsorbents which were ob-
tained in the laboratory is used as the initial data for equations (2) and (4). Mathematical
treatment of the primary results of the tests allows to find coefficients (a;) of the type:

A=a,+a,-c+a,-c>(6) u A=a,+a, -t+a, 7> (7)

Least-square method was chosen to derive equations (2) and (4).

The dots array from the correlation curves (2) and (4) obtained at the temperature of 293,
313 and 333K are given in Table 1.

Table 1. The initial data to model the adsorption process using adsorbent.

Time Temperature, K
7,min 293 313 333
Concentration , Silver Concentration, Silver Concentration, Silver
C, g-ion/L content in C, g-ion/L content in C, g-ion/L content in
the carbon the carbon the carbon
phase, A, phase, A, phase, A,
g-ion/L g-ion/L g-ion/g
10 0.0033 0.0494 0.0057 0.0688 0.0056 0.0563
20 0.0071 0.0938 0.0132 0.1063 0.0096 0.0813
40 0.018 0.1436 0.0262 0.1313 0.019 0.105
60 0.0241 0.1569 0.0275 0.1375 0.028 0.1119
80 0.0243 0.1581 0.0275 0.1375 0.0291 0.1163

The adequacy of the equations obtained for the process studied was determined using an
average standard deviation value. The value of silver content in the carbon phase was calcu-
lated using equation 2 was compared with the test data according to this formula:

5. EU—A/4,.)100

n

Where 6 ig an average standard deviation, Acye and Ames are calculated and measured
silver content in the carbon phase and n is the number of measures from 5 to 90 minutes in the

temperature range. The value of @ should not exceed 100% for adequate models. In this case,
the average values of relative deviation for silver content in the carbon phase from the test
data do not exceed 4.5%. This witnesses to the adequacy of mathematical relation for the ac-
tual process and proves the selected approach to calculate empirical coefficients (a;) of equa-
tions (6) and (7).
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MOJEJUMPOBAHHUE AJICOPBIIMU H-TEITAHA B MUKPOIIOPAX
YIJIEPOJHOI'O AAJCOPBEHTA AYK

A.B. lllkomuH, A.JL. [Tynmun, A.A. ®@omkuH, E.M. CtpnxeHoB.
Hucmumym gpusuuecrou xumuu u snekmpoxumuu um. A.H. @pymruna PAH
119991 Mocksa, Jlenunckuii npocnexm, 31, e-mail: shkolin@bk.ru

BemecTBo, Haxonsmieecs B MUKPOIOPax TBEPIBIX Tel, T.€. B MOJIE acOPOLMOHHBIX
cui1, uMmeer ocoboe dazosoe cocrosHue. [Ipu 3TOM axcopOIMs NPOHCXOAUT 1O MEXaHU3MY
00beMHOro 3anoyiHeHus. OHAKO 10 HACTOSIIEr0 MOMEHTA UCCIICIOBAHUH COCTOSHHS aJIcop-
0ara B MUKpONOpax KpaiiHe Mano. B cBs3u ¢ 9TUM B paboTe npeAnpHHsTa HONbITKA ONpese-
JICHHUSI CTPYKTYpPBI aJICOPOMPOBAHHOIO H-TENTaHA B MOJEIBHBIX MUKpPOIOpAX YIJIEPOIHOTO
agcopbenta AYK mpu temmepatype 273 K B 3aBUCHMOCTH OT 3allOJHEHHUS TIOPhI METOIO0M
MOJIEKYJISIPHOH JAUHAMUKH.

B kauecTBe MozeNH MeMeHTapHOW MUKpOTOpk! ancopbenra AYK Obuia mpuHsATa MO-
JIeNlb «IIAi0bI», MUIOCKHE TPaHH, KOTOpOW o0pa3oBaHbl AByMs ciiosimu rpadeHoB. bokosas
MOBEPXHOCTb «ILIAHOB» OTKpBITA I ajzcopOuuu. Paccrosnue mMexay rpadeHamu Wi LId-
puHa nopsl Xo = 0.82 HM BbIOpaHa paBHOI cpenHeil 3 exTuBHON MHUPHUHE TOPBI ONPEAENIEH-
noit mo TO3M st ancopbenta AYK. dopma u pasMepsl rpa@HOBBIX CTEHOK MHUKPOTIOPHI
BBIOMpAIT HA OCHOBE CTATUCTHYECKHUX TPEOOBAHMH K MUHUMAaJIbHOMY KOJHMYECTBY MOJIEKYJI B
aHANN3UPYEMOil CUCTeMe C OAHOI CTOPOHBI M 3KOHOMHEH MAIIMHHOTO BPEMEHH C APYrOil.
Beina npunsta Gpopma 06enx CTEHOK B BUE Kpyra cO CpeHHM AuaMeTpoM dy = 3.88 HM.

B siueiiky monenupoBanus nomemanu ot 5 10 30 moiyiekyn H-renTtaHa. Temneparypa
cucremsl - 273 K. Pacuersr nposoammmcs npu nmomomnn nmaketa TINKER ¢ cunoBsim monem
OPLS-AA. DneMeHTapHBIH LIar WHTEIPUPOBAHUS YpaBHEHUs IBIXKEHUs cocTaBuin | dc,
MI'HOBEHHbIE CHUMKH rnoiydann kaxzasie 1000 ¢c. B paboTe aHaIM3MpoBaIoch pacnoioxe-
HHE MOJISKYJI MeTaHa B MOJieNIbHOU nope ancopbenta AYK mo ee mupuHe. Pesynbratsr pac-
yeTa IpeACTaBIeHbl Ha puc. 1.

d, %

Puc.1. 3aBUCUMOCTD IIOTHOCTH BEPO-
SATHOCTHU d PacOJIOKEHUS] MOJIEKYJI 1O
IIMPHHE MOJEIBHOM TOpBl Xy IIpH
pazubix 3amonHeHusix n (ot 5 mo 30
MOJICKY).

Pacuers! mokazanu, 4To MpH MajbIX 3aloJHEHHIX — 5...10 Mosekyn H-renTaHa, MoJe-
KyJIBl pacIiojaratoTcsi IPaKTHYEeCKH IUIAHAPHO PAaBHOYIAJIEHHO OT 00enX cTeHOK mop. [Ipu
JajbHeWIeM yBeJMYeHHH aJcopOIMy, 32 CYeT HapacTaHHs BHYTPEHHETO AaBJICHUS B MOpaXx,
MOJICKYJIbl HAUMHAIOT NEPECTPauBaThCsl B HOBYIO CTPYKTYpPY, B KOTOPOH 4acTb MOJIEKYJI Iie-
PEXOIMT B MPUCTEHOYHYIO 00J1acTh. BeneacTBre 3Toro ¢ HapacTaHueM aicopOIMN MaKCUMYM
IUIOTHOCTH BEPOSITHOCTH PACHIOJIOKEHUS MOJIEKYJIBI 110 LIGHTPY HOPBI «Pa3MbIBACTCS.
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MODELING ADSORPTION OF N-HEPTANE IN THE MICROPORES OF CARBON
ADSORBENT ACC

A.V. Shkolin, A.L. Pulin, A.A. Fomkin, E.M. Strigenov*.

Frumkin institute of Physical Chemistry and Electrochemistry Russian Academy of Science,
Leninskii pr., 31, Moscow, 119991, Russia, e-mail: shkolin@bk.ru
*Bauman Moscow State Technique University, 2-nd Baumanskaya, 5, Moscow, 105005, Rus-
sia.

Substance in the micropores of the solids, i.e. in the field of adsorption forces, has a
special phase state. In this case adsorption occurs by the mechanism of volume filling. How-
ever, till the moment there are few studies of the condition of the adsorbate in the micropores.
In this regard, in the work an attempt to determine the structure of the adsorbed n-heptane in
model carbon adsorbent micropores AUC at 273 K, depending on the filling of pores by mo-
lecular dynamics has been made.

As a model of elementary micropores of the adsorbent AUC was accepted the model
of the "puck" with the flat faces formed by two layers of graphene. The lateral surface of the
"puck" is open for adsorption. The distance between the graphene and the pore width X, =
0.82 nm is chosen equal to the average effective width of the pores defined by the adsorbent
TMVF for AUC. The shape and size of the graphene wall micropores selected on the basis of
statistical requirements for the minimum number of molecules in a test system, on one side,
and the economy of computer time, on the other. The form of both walls was adopted in the
form of a circle with an average diameter dy = 3.88 nm.

In the simulation cell from 5 to 30 molecules of n-heptane were placed. Temperature
of the system was equal to 273 K. The calculations were performed using the package
TINKER with force field OPLS-AA. An elementary step of integrating the equations of mo-
tion was 1 fs snapshots obtained every 1000 fs. We analyzed the location of methane mole-
cules in the adsorbent pore model for the AUC to its width. The calculation results are shown
in fig. 1.

@
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Fig.1. The dependence of the probabil-
ity density d location of molecules in
the width of the model pore Xj at vari-
ous fillings n (from 5 to 30 mole-
cules).
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Calculations showed that at low fillings, corresponding to 5 ... 10 molecules of n-
heptane, molecules are located nearly equidistant from both planar pore walls. With further
increase in adsorption due to increase of internal pressure in the pores, the molecules begin to
rebuild a new structure in which the molecules move to the wall region. As a consequence,
with the increase of adsorption the maximum probability density location of the molecule in
the center of the pore occurs to be "blurred."

39



PA3BUTHE MPEJCTABJEHUI O MEXAHU3ME AJCOPBILIMU
MOJIEKYJI BOAbI YTJIEPOAHBIMU AICOPBEHTAMU

AM. Bomomryx, I'.A. IleryxoBa
Vupeorcoenue PAH Uncmumym ¢huzuyeckori Xumuu u 31eKmpoxumuu
um. A.H @pymxuna PAH, 119071 Mockea, Jlenunckuii npocnexm, 31, k. 4,
E-mail: avoloshchuk @rumbler.ru

MexaHu3M aacopOIMU MOJIEKYJ BOJABI YIIICPOAHBIMH MaTepUalaMH MPUBIICKACT BHH-
MaHHe UccleioBaTeiell Ha NPOTSDKEHHN MHOTHX JECSTHICTHH. AHAIN3 SKCIePUMEHTAIbHBIX
JIAHHBIX M PE3YJIbTATOB YMCICHHOrO MOJIENUPOBAHUS, MOKA3bIBAIOT, YTO MEXaHH3M aJcopO-
LMY MOJICKYJI BOJBI Ha YIJIEpOAHBIX ancopOeHTax (YA) 3aBHCHT Kak OT HOPHCTOH CTPYKTY-
psl VA, Tak ¥ XMMHYECKOTO COCTOSIHHSI UX MOBEPXHOCTH. 3aKOHOMEPHOCTH U OCOOCHHOCTH
aJIcopOLK MOJIEKYJT BOJbI HA YA B 3HAUUTENILHOM CTENEHHU 00S3aHbl CKIOHHOCTBIO MOJIEKYI
BOJBI K 00pa30BaHHIO BOAOPOAHBIX CBs3eil. [loaToMy B HacTosIiee BpeMsl MOXKHO CUHTATh
OOIETIPUHATHIM, YTO BO BCEX CIy4asX aJcopOIMsi MOJEKyJ BOIbI Ha YA HauMHaeTcs ¢ MX
B3aHMOJICICTBUS C IIEPBUUHBIMH aJcopOunoHHbiMU LenTpamu (ITALL). HauGonee otuerauBo
U TIOCJICAOBATENBHO MPEACTABICHUS O POJIM KHCIOPOJICOAepKaNX (PYHKIMOHAIBHBIX TPYIIIT
u 00pa30BaHus BOAOPOHBIX CBsI3el B acOpOIHK MOJIEKYJ BOJbI ObUTH CHhOpMYIIHPOBAHBI B
padorax IIupca u Cmura u M.M. [/lyOuHuHa.

OCHOBHOM  aNbTEPHATHBHOM  ClieQyeT  CUMTaTh  KOHLENIMIO  KamWUISIPHO-
KOHJICHCAIIMOHHOTO MEXaHH3Ma a/ICOPOIIMHU MapoB BOAbl Ha YA, chopMyIHpOBAHHOMU, MPEK-
Jie Bcero, B paHHux paborax JlyOuHMHA, U pa3BuTOH B paborax Kucenesa m [xaxonsl. B
9TOM MOAXOJE IpearnoyaraeTcs 00pa3oBaHHe MOHOCIOS MOJIEKYJ BOJbI C HMOCIEAYOIICH
MTOJIMMOJICKYJIIPHON aficopOLMe 1 KOHICHCALIUEH.

B Hacrosueil pabore JeTaabHO pacCMOTPEHO Pa3BUTHE MPEJCTABICHUI O MEXaHU3MeE
a/1cOpOLIMK MOJIEKYJI BOJBI Ha HEMIOPUCTHIX M MUKPOIIOPUCTBIX Y A

IIpu aHanmM3e MexaHW3Ma aICOPOIIMU MOJIEKYJI BOJBI Ha MOBEPXHOCTH HEMOPUCTHIX YA
OCHOBHO€ BHHMaHHe YZeJIeHO KOoHIenuuu o6 onpenenstomeit poau ITALL n o6pasoBanus Bo-
JOPOJIHBIX CBSI3€H, a TAK)KE KOHIEMIMKA 00 00pa30BaHWU HA TOBEPXHOCTH Y A MOHOMOJIEKY-
JISIPHOTO CJIOSI MOJIEKYJT BOJIbI, CBS3aHHBIX MEXy co00i1 BONJOPOAHBIMHU CBA3IMH. PaccmoTpe-
HBI TaK)Ke KOHLEMIHS O KJIaCTePHOM MEXaHU3ME aJCOPOLIMH MOJIEKYJ BOJBI HAa THAPOQUIb-
HBIX IEHTpax Tuapo(OOHBIX aICOPOSHTOB M KOHLENIMS IBYXCTaJUHHOTO MEXaHW3Ma aj-
copOLMH, OCHOBAHHAs HA CYIIIECTBOBAHUM HA MOBEPXHOCTH (U B Iopax) YA JIBYyX COCTOSTHUIH
BOJBL: «PACTSAHYTOW» KUIKOCTH BOABI U BOABI, 3aHHMAIOLICH MPOMEXYTOYHOE IIOIOXKCHHUE
MEKTY )KHJKOCTBIO U I'a30M.

ITpu ananu3e agcopOLUU MOJIEKYJI BOJIbI HA aKTUBHBIX YIIISIX KPOME YIIOMSIHYTHIX BbILIE
KOHIICTIIMI PacCMOTPEH KalWUIIPHO-KOH/ICHCAMOHHBIA MEXaHU3M aJCOpOIMH, TPEACTaB-
JIeHHE O 3aBHCHMOCTH IUIOTHOCTH aICOPOMPOBAHHBIX MOJIEKYJI HE TOJBKO OT TMAPOCTAaTHYE-
CKOT'0 JIaBJICHHs CKaTHUsl, HO U OT COOTHOLICHMSI MEX/Yy '€OMETPUUECKUMH XapaKTepHCTHKaA-
MH MHKpOIIOp M MOJIEKYJ ajgcopbara, a Takke IOAXO0J, OCHOBAaHHBII Ha TEOPHU 0OBEMHOIO
3aMOJIHEHHsI MHKPOIIOP, pa3paboTaHHoi koo [lyouHuHa.

OTAenbHO PaccMOTPEHbl OCOOCHHOCTH aaCOPOLUM MOJIEKYJ BOJBI B YJIBTPAMHKPOIIO-
PHCTBIX (MOJIEKYJIIPHO-CUTOBBIX) YA. AHAIIN3 9KCIEPUMEHTAIBHBIX JaHHBIX M PE3YJIbTATOB
MO/ICJINPOBAHHE MO3BOJIMII C/ACJIATh BBIBOJ, YTO MEXaHU3M aACOPOLUM MOJIEKYJ BOJbI HA Ta-
KuX YA aHaJOTMUeH MeXaHu3My ajcopOiuu Ha u3onupoBaHHblX [TALL Ha Henmopucroii yrie-
POZHOIT MOBEPXHOCTH. AICOPOMPOBAHHBIE MOJIEKYIIBI BOJBI 00Pa3ylOT B TaKUX IOpax JBY-
MEpHBIE KJI1acTephl (LIUKINYECKUE CTPYKTYPBI) C YUCIOM MOJIEKYJ 4—0.
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EVOLUTION OF CONCEPTS ON THE ADSORPTION MECHANISM OF WATER
MOLECULES ON CARBON ADSORBENTS

A.M. Voloshchuk, G.A. Petukhova
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry of Russian Academy of
Sciences, 119071 Moscow, Leninsky prospect, 31, E-mail: avoloshchuk@rambler.ru

The mechanism of water molecules adsorption on carbon materials draws attention of
researchers throughout many decades. The analysis of experimental data and results of numer-
ical simulation, show that the mechanism of adsorption of water molecules on carbon adsor-
bents (CA) depends as on porous structure of CAs, and a chemical state of their surface. Re-
gularities and peculiarities of adsorption of water molecules on CA is largely obliged by ten-
dency of water molecules to formation of hydrogen bonds. Therefore now it is possible to
consider standard that in all cases adsorption of water molecules on CA begins with their in-
teracting with primary adsorption centers (PAC). Most clearly and successively representa-
tions about a role of oxygen-containing functional groups and formation of hydrogen bonds in
adsorption of water molecules have been formulated in C. Pierce and R.N. Smith and M.M.
Dubinin papers.

The concept of capillary-condensation mechanism of adsorption of water vapors on CA,
formulated, first of all, in Dubinin's early papers, and developed in Kiselev's and Juhola’s
publications should consider as basic alternative conception. In this approach formation of a
monolayer of water molecules with the subsequent multimolecular adsorption and condensa-
tion is supposed.

In the study evolution of concepts on the mechanisms of water molecules adsorption on
nonporous and microporous CA is considered in detail.

At the analysis of the mechanism of adsorption of water molecules on a surface of non-
porous CA the basic attention is given to the concept about principal role of PACs and forma-
tion of hydrogen bonds, and also the concept about formation on CA surface of a monomole-
cular layer of water molecules related among themselves by hydrogen bonds. The concepts
about claster mechanism of water molecules adsorption on hydrophilic centers of hydrophob-
ic adsorbents and the of the two-stage mechanism of the adsorption, grounded on existence on
a CA surface (and in pores) two states of water: the "stretched" fluid of water and the water
which are intermediate between a fluid and gas are considered as well.

At the analysis of adsorption of water molecules on active carbons except mentioned
above concepts of the adsorption mechanism, a notion about dependence of density of the ad-
sorbed molecules not only on hydrostatic pressure of squeezing, but also on a relationship be-
tween geometrical characteristics of micropores and adsorbate molecules must be taken into
account. The approach grounded on the Dubinin’s theory for the volume filling of micropores
is considered as well.

Features of adsorption of water molecules in ultramicroporous (molecular-sie CA) are
separately analyzed. The analysis of experimental data and results of numerical simulations
allowed to draw a conclusion that the mechanism of adsorption of water molecules in such
CA is analogous to the adsorption mechanism on isolated PAC on nonporous carbon surface.
The adsorbed molecules of water form in such pores two-dimensional clusters (ring structures)
with number of molecules 4-6.
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TEPMOBOJIHOBAS AJICOPBIIUA

B.I1. Xapuronos
Mockosckuti I'ocyoapcmeennviti Texnuueckuti Ynuseepcumem um. H.O.baymana
107005, Mocksa, 2-5 baymanckas yauya, 5, kagpeopa 3-10,Ten.: (+7903)7903607, Daxc:
(+7495)346 4111, e-mail: vpk@df.ru

TepmoBosHOBOIT ancopbuueii (TBA) MHO#T Ha3BaH 3HeprocOeperaroNfii TEXHOIOTHYe-
CKHI1 IpoIiecC HEM30TEPMUYECKON aJCOpOLUH IIPH ABMKEHHUU IO HEMOIBHKHOMY CJIOIO all-
copOeHTa TeMIepaTypHbIX BOJH MO JEHCTBHEM TOKa raza WM KMAKOCTH. B ompenenénHom
cmbicie TBA siBiseTcs 4acTHBIM ciydaeMm xpomarepmorpaduu. OnHo# u3 obnacreit mpo-
MBIIUICHHOTO npuMeHeHuss TBA sBisieTcs ynajieHue W KOHICHTPUPOBAHUE BPEIHBIX HIIH
LIEHHBIX MUKPOIPUMECEN U3 Ta30BBIX CMECEH.

Ipunnun neicteus TBA wmmutocTpupoBaH NPUMEPOM yJaJleHHss KPUNTOHA M3 aTMO-
cepHOro BO3/yxa U ero 0OJHOBPEMEHHOIO KOHIIEHTPUPOBAHUS. TEXHOJIOTHYECKHI MPOIece
OYeHb MPOCT: Yepe3 HEeMOJBIKHBIA CIONW aKTUBHOTO YIJIS HENMPEPBHIBHO MPOMYCKAIOT aTMO-
cpepHBIN BO3YX; Ha BXOJE B afcopOEp ero MepHoIMYeckn oxIakaanT 10 Muayc 180°C. Ha
BBIXOZIE€ U3 aJicopOepa, CM. pPUC., OOJIBIIYIO YaCTh IIUKJIA BBIXOJUT BO3LyX C MOHIKEHHBIM CO-
JIepyKaHUeM KPUIITOHA, OCTAIBHOE BpeMsi OTBOAAT KoHIEHTpaT. CTemneHb OYMCTKU BO3JyXa
OT KPUIITOHA W CTENCHb €r0 KOHLICHTPUPOBAHUS OLEHUBAIN METOJJOM «MEUCHBIX aTOMOBY C
TIOMOIIBIO PAHOAKTHBHOTO H30TONA KPHITOHA *~Kr (IIO4TH YHCTHIT GeTa-MaIydaTens ¢ Ie-
puomom monypacmana 10,3 roma). CpemHsisi CTENEHb OYMCTKH M CPEAHSS CTENEHb KOHIICH-
TPUPOBAHUSI B3aUMOCBSI3aHBI M B ONpPEJEIEHHBIX Tpeenax 3aBUCIT OT Haulero BeiOopa. B
JTaHHOM KOHKDPETHOM TIpUMepe CTeneHb ouncTKH mpeBbimmaeT 1000 pa3 (HauanbHass KOHIICH-
TpaIus KPHITOHA B aTMOC(EPHOM BO3LyXe B 3TOM OIBITe Ohu1a paBHa 1,15-107° 1o 06BéMY),
CTEeNeHb KOHLIEHTPUPOBaHUs paBHA nmpumepHo 10.

S Meroasl pacuéra AWHAMUKH TeMIlepa-
Toc T A TYPHBIX KOHBEKTHBHBIX BOJH ObUTH pa3-

8 PR paboTaHbl M OMyOJMKOBAaHBI ABTOPOM
Kak 00oOmieHne pemeHunii 3anay AHIe-
= myca-1llymana.

[IpuBenensl MeToasl pacuéra TemIepa-

TYPHBIX BOJIH JUIsi UMIIYJILCHOTO (Kpart-
Gt KOBPEMEHHOI0) OXJaXKICHHMS, Harpesa-

L le
\ \ HHS CJIOSi 1 KOMOMHAIMU 3THX HpoLec-

-120 \ 03
\ : 6 COB.
-6 : ok [pemioxensl cnocoObl MOJE3HOTO HC-
! 02 M0JIb30BAHMS  SIBJICHUS aCHUMMETPHH
S e e s \;,SHD 7.  TeMIEpaTypHEIX BOJH, OOHapy)XCHHOH B
T XOJI€ HACTOSIIEr0 UCCIAEIOBAHMUS.
PaccmoTpens! npuéMsl  MOBBILEHHS SHEProdhPEKTUBHOCTH Ipoliecca 3a CUéT peKyIe-
paIuy TelIa (X0JI0/a) TeMIIepaTypHOIl BOIHBL: peBepcuBHAs TBA, pa3neneHue 30H TEILIO- U
Macconepeiaul Ha HecopOMPYIOLIMX TEIUIOEMKHMX BCTaBKax B CJIO€ aCOpOEHTa M JApyrHe.
Paccmotpensl Maremarnueckue monenu TBA, kpaeBble 3a7aud U METOIbl UX PELICHHMS.
[MpemtoxeHno ucnonp3oBath B pacuérax TBA B kauecTBe TEPMHYECKOTO YpaBHEHHs afcopo-
LMM HENPEPhIBHYIO «IIIAJKyI0» (QyHKIHMIO IBYX MEPEeMEHHBIX, COCTABICHHYIO U3 YPaBHEHUS
Jlenrmiopa (061acTh MajbIX KOHLEHTpaiuil) ¥ ypaBHenus no TO3M (obmactb cpeaHux U
BBICOKMX KOHIIEHTpaluii). MeToMKa HOoJIy4eHHs] TAKOTO TePMUUYECKOTO YPaBHEHHUS MUILTIOCT-
pHUpOBaHa amnpoKCHMAalKeil IKCIepUMeHTaNbHBIX JaHHbIX M.M.JlyOunuHa n B.A.AcTtaxoBa
o ascopbrmu Metana Ha neonute L (1970-1971 r.r.).
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THERMOWAVE ADSORPTION

V.P. Kharitonov
Bauman Moscow State Technical University 107005, Moscow, 2-Bauman Street, 5, Dept. E-
10, Tel.: (+7 903) 790 3607, Fax: (+7 495) 346 4111, e-mail: vpk@df.ru

The energysaving process of nonisothermal adsorption in the fixed layer of adsorbent
with the temperature waves moving under the influence of gas flow was named by me as
thermowave adsorption (TWA). In a some sense, TWA is a particular case of chromathermo-
graphy. One of the industrial applications TWA is the removal and concentration harmful
or/and valuable impurities from gas mixtures.

The principle of operation TWA is illustrated in the example of removal of Krypton
from the air and its simultaneous concentration. The technological process is very simple:
through a fixed bed of activated carbon is continuously passed the air; the air cooled periodi-
cally to minus 180°C at the adsorber inlet. At the exit of the adsorber, see Fig., the air coming
out at a very low concentration of Krypton during the greater part of the cycle. The concen-
trate comes from the adsorber during the short part of the cycle. The degree of the purification
of air from Krypton and the degree of it’s concentration was evaluated by " Radioactive trac-
ing" - isotope krypton 3Kr (almost pure beta-emitter with a half life of 10.3 years). The av-
erage degree of purification and the average degree of concentration are related and depend
on our choice. In this example, the degree of purification is over 1000 (the initial concentra-

tion Cy of Krypton in the example is

s

-7 o 1] equal 1.15.10° by volume), the de-

Tmc /§\ . gree of concentration is about 10.
. N\ £ \ Fd Methods of calculating of the
\\ ! \ { E thermal convection waves methods
4 \ : \ : have been developed and published by
1 \ : } me as a  generalization  of

-8 ) — | A.Anzelius&T.Schuman’s task.
Tt \ i . The formulas are given for cal-
-420 \\ \'& 08 culating of temperature waves for
| . 06 pulsed heating, cooling layer and the

= ok combination of these processes.
P N T 02 It was shown how to use the
0 o dm ew | wm CLe asymmetry of temperature waves ob-
% served in this study to improve the pa-

rameters of TWA.

The author considered the technological ways to improve the energy efficiency of the
process due to recovery heat (or cold), accumulated temperature wave: reverse TWA, a sepa-
ration of zones of heat and mass transfer on the non-adsorption heat capacity pieces, and oth-
ers. It was considered the mathematical models of TWA, boundary value problems and the
recommended methods of it’s solutions. It was proposed to use the thermal equation of ad-
sorption as continuous "smooth" function of two variables, consisting of the Langmuir equa-
tion (the low concentrations) and the equation of TOZM (middle and high concentrations).
The procedure is illustrated by the example of fitting the experimental data of M.M. Dubinin
and V.A. Astakhov (adsorption of methane on zeolite L, 1970 - 1971).

43



BJAUSIHUE ®OPMbI PABHOBECHOM KPUBOM COPBLIMU HA
MAKPOKHHETHYECKYIO CKOPOCTb COPELIMA HA OTAEJIbHOM 3EPHE

B.H. Oxyner®, }0.1. Apucros®
“Mocxkoeckuii T'ocydapcmeennuiil ynueepcumem umenu M.B. Jlomonocosa, Xumuueckuil (pa-
Kynvmem, Bopobveswvt I'opwi, Mockea, 119992,
bHHcmumym rkamanuza um. I'.K. Bopeckoeo, Ip. akademuxa Jlaspenmoesa, 5, Hosocubupck,
630090, E-mail: okunev@tech.chem.msu.ru , aristov@catalysis.ru

Jlist cuHTe3a HOBBIX COPOLMOHHBIX MaTepUalioB, obecreunBaronmx Hanbonee 3 hex-
TUBHYIO pabOTy XOJOIMJIBbHBIX MAIIMH, PACCMOTpPEHa IMHAMHUKA COPOLMH C Pa3IMYHBIMU
(hopMaMu paBHOBECHOW KPHBOW COPOIIMU: B BHIE CTYIICHbKH, THHEHHBIE, IKCIIOHECHIIHATbHbIE.
Hcnonp3oBanack MateMaTuyeckas MOJEIb COBMEILICHHOTO TEIIO-MAaCCONEpeHoca Ha OTAEINb-
HOM 3epHe ajicopOeHTa, KOTOpOe HAXOMHWTCS Ha METaIMYECKOH TepMOperyIupyeMoil mon-
noxke. Temreparypa HOMIOKKH MEHsUIach ckadkoM, ot 60°C 1o 70°C (mecopbuus) u ot 70°C
to 60°C (amcopbuus). PacCuMThIBAIMCh M NIPOAHAIM3MPOBAHBl HECTAMOHAPHEBIE MPOQHIN
TEMIIepPaTyphl, JaBICHHS U JOKAIBHOI aacopOIuy BHYTpH ceprdeckoro 3epHa. Bo MHorux
Clly4asX pacCUMTaHHOE 3HAUCHHE BIATOCOJICPKAHUS B 3CPHE XOPOLIO OMHCHIBACTCS JKCIO-
HeHIManbHOW (yHKIMeW BILUIOTh 10 Oe3pa3mepHbix kKoHBepcuid 0.6-0.7. OnHAaKO 3HAYHUTEINb-
HbIE OTKJIOHCHHS HAONIONAIOTCS IIPH OOJBIINX 3HAYCHUSIX KOHBEPCHHU. Y CTAHOBJICHO, YTO Xa-
PaKTEpPUCTHYECKOE BPeMsl COPOLIMH T CHIIBHO 3aBUCHT OT (opMbl n300apsl copounu. Hanbo-
Jiee OBICTpBIC MPOLECCH COPOLHM MPOUCXOMAT IIPH M300apax, UMEIOIIUX CTYICHbKY IPU Ha-
4aJbHOI TeMIepaType nporecca, T.K. B 9TOM ClIydae ABHKYIIas CHJIa TeIIoNepeHoca sBIseT-
cs1 MakcuManbHOU. [TokaszaHo, uTo i u300apsl B popMe CTYIEHbKH CKOPOCTh COPOLIUH MPO-
HOPLHOHATBEHA PA3HOCTH TEMIIEPATYPhI IIOTIOKKH U TEMIIEPATyphl CKauka Ha H300ape.

87 -dN/dt x 10000 D i ° °
d esorption 60°C - 70°C
glg's™ ® "N/"'Ixjg“"“- Adsorption 70°C - 60°C
9lg's

Step 60.5

Tm-Tav,°C

0 2 4 6 8 10 12

3aBUCHMOCTB CKOpOCTH JAecopbumu (a) u ancopbumnu (b) OT ABHXKYLICH CHIIbI TEIUIONEPEHOCa ISt
n300ap pasnuuHoi Gopmel. T,y — CpenHss TeMnepatypa 3epHa. 7, — TeMIepaTypa MeTaUIM4ecKOH
MTO/TOXKKH.
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EFFECT OF ISOBAR SHAPE ON THE DYNAMICS OF WATER SORPTION
ON A SINGLE POROUS GRAIN

B.N. Okunev®, Yu.l. Aristov®
“Moscow State University, Chemical Department, Vorobievi Gori, Moscow, 119992, Russia
?Boreskov Institute of Catalysis, Pr. Lavrentieva, 5, Novosibirsk, 630090 Russia
E-mail: okunev@tech.chem.msu.ru , E-mail: aristov@catalysis.ru

Various adsorbent isobar shapes to increase the efficiency of adsorption cooling units
are considered. We have used a mathematical model of coupled heat and mass transfer in a
spherical adsorbent grain which is in thermal contact with a metal plate subjected to a fast
temperature jump/drop (from 60°C to 70°C and back). Model isobars of the water sorption
(step-like, linear and exponential) are tested to elucidate the effect of the isobar shape. The
temporal evolution of radial profiles of the temperature, pressure and adsorbed water concen-
tration inside the grain is calculated and analyzed. In the majority of cases, the calculated de-
pendences of the average water uptake/release on time can be satisfactorily described by an
exponential function up to the dimensionless conversions of 0.6-0.7. Significant deviations are
observed at larger conversions. The characteristic sorption time t is found to be strongly de-
pendent on the isobar shape. The fastest adsorption and desorption processes are found for the
step-like isobar with the step positioned at the initial process temperature because in this case
the driving force for heat transfer is maximal. For step-like isobars, the ads-/desorption rate
constants are found to be linear functions of the difference between the heat source (sink)
temperature and the temperature of the isobar step.

#1]-avat x 10000, Desorption 60°C - 70°C o ot x 10000
glg*s X10000, Adsorption 70°C - 60°C
glg’s”

Step 60.5

\ Tm-Tav,°c

0 2 4 6 8 10 12

Desorption (a) and adsorption (b) rates as a function of the instant driving force for the isobar var-
ious shapes. Average grain temperature — T,,. Metal plate temperature — 7},
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COBPEMEHHBIE IPEJICTABJIEHUSA O ®OPMHUPOBAHUHU IOBEPXHOCTHU
BU- 1 TIOJIMMETAJUVIMYECKUX AJJCOPBEHTOB

H.II. CokonoBa, A.YO. I{uBanse
Vupeowcoenue Poccutickoti Axademuu Hayx Huemumym usuueckoil Xumuu u 21eKmpoxumuu
um. A.H. @pymrxuna PAH, 119991 Mocksa, Jlenunckuii npocnexm, 31, kopn. 4.
E-mail: socolova@phyche.ac.ru

AHanu3 JINTepaTypHBIX JaHHBIX [10Ka3aJl, YTO IIOBEPXHOCTh OMMETAIUIMYECKUX HAHOCH-
CTeM H3ydaeTcs KaK TEOPETUYECKHMH, TaK M SKCIIEPUMEHTANBHBIMU METOJAMH B OCHOBHOM
IUIsl MOHOKPHCTA/IOB. UTO K€ KacaeTcs HAHECCHHBIX BBICOKOIUCIIEPCHBIX CHCTEM, TO 3TH
00BEKTHI HCCIIEIYIOTCS B OOJIBIICH CTEEHH SKCIEPUMEHTAIBHO.

B pabote moapobHO paccMaTpUBAarOTCS OCHOBHBIC CTaJNH CUHTE3a U (haKTOPBI, BIHUSIO-
e Ha GOpMUpPOBaHKE OU- M HOIMMETAUIMYECKUX HAHOUACTUL. B kayecTBe METONOB HCCIIe-
JIOBaHMHS HCHOJIB30BAINCH JIEKTPOHHAS CIIeKTpockonus auddysnoro orpaxenus (3CJ0)
u npomyckanusi, pearreHorpadus (I.M. Ilnasuuk, T.I1. [lypsieBa) u pa3zpaboTaHHbIi HaMH
MeTOJ| aICOPOLIOHHO-CIIEKTPAIBLHOTO TECTUPOBAHHS TOBEPXHOCTH, UCIIOIb30BaHHEI B CO-
BMeCTHBIX paboTax ¢ P.A. bynrakosoi, E.W. Kouerkosoit u E.H.Jly:xkoBoii.

Ha ocHoBe paccMOTpeHus! TUTEPaTYPHBIX JaHHBIX U COOCTBEHHBIX paboT 00CyKAATCS
SIBJICHHE 000TaleHHs IIOBEPXHOCTH U €ro NPUYHHEL, a TAKKe B3aUMHBIC IIPEBPALICHNUS B CHC-
TeMe MeTaJlI-afcopoar. Y CTaHOBJICHO, YTO I OONBIIMHCTBA H3YYCHHBIX HAMH CHCTEM 000-
raleHyue HOBEePXHOCTU MPOUCXOAUT yKe Ha cTaauu cuHTe3a. [lokazaHo, 4To H3MEHAS XUMHIO
MOBEPXHOCTH, KOMOMHHPYSI OIPEICICHHBIC METAIIBI, MOKHO 00OTamaTh IIOBEPXHOCTH 00-
Jiee aKTUBHBIM JIOPOTOCTOSIINM KOMIIOHEHTOM, IIPUCYTCTBYIOIIMM B 00pa3lie B 04€Hb MaJbIX
kosnuuecTBax. IlomyuyeHHBIE JaHHBIE MOTYT OBITh MCIIOJIB30BaHBI B CHHTE3€ aJCOPOEHTOB M
KaTaJIM3aTOPOB C 3aJlaHHBIMHU cBoiicTBaMu. CoueTaHHe JBYX U TPEX KOMIOHCHTOB HO3BOJISCT
MOHIKATh TePMUYECKYI0 YCTOWUHBOCTh aJICTIOEB, YTO OYEHb BaXKHO IJIA IIPOLECCOB PEreHe-
paruu aJicopOeHTOB M KaTalu3aToPOB.

HccnenoBans! B3anMHbIE IPEBPAIICHNUS B CHCTEME aJcOpOaT-HAHOMETAlLI B 3aBUCHMO-
CTH OT TePMOJIECOPOLINH, TaBICHNSI H BpEMEHH KOHTAKTa C Ta30M.

TlonyyeHHsle pe3ynbTaThl CBUAETENIBCTBYIOT Kak 00 HBOJIIOLUM aJICIOEB, TaK U 00 U3-
MEHEHUM caMoi moBepxHocTd. Eciu BnusiHue Meramna Ha azacopbar (CO) mposiBisercs B
Pa3pBIXJICHHU CBSI3U B MOJIEKyJle M 00pa30BaHUHU HOBEPXHOCTHBIX KOMILICKCOB, TO BIIHSHHUE
ajicopbaTa Ha METaJlI 3aKJII0YaeTCsl B TOM, YTO IPH aJIcCOPOIMU OONBIINX KOJIMYECTB raza He-
OJIHOPOIHOCTH U Je(EKThI IOBEPXHOCTH MOTYT MEPEPaCIIPECIAThCSL.

Paboma ewvinonnena npu ghunancosoii noodepocke OXH, npoexm 9.
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MODERN CONCEPTIONS CONCERNING THE FORMATION OF THE BI- AND
MULTIMETALLIC ADSORBENT SURFACE

N. Sokolova, A. Tsivadze
Frumkin Institute of Physical Chemistry and Electrochemistry,Russian Academy of Sciencies,
Leninskii pr, 31,Moscow, 119071, Russia, E-mail; socolova@phyche.ac.ru

The analysis of the published data has shown that the bimetallic nanosystem surface can
be investigated by both theoretical and experimental methods. As far as the high dispersive
metallic systems are concerned, they have been studied in main experimentally.

This work concentrates on the main stages of the synthesis and the factors essential for
the formation of bi- and multimetallic nanoparticles.The determination of the particle size has
been performed with x-ray scattering ( G. Plavnic and T. Purjaeva).The information concern-
ing the surface state has been obtained by studying the chemisorption of the test —molecule
(CO). using IR-spectroscopy (elaborated by us) and used in joint work with R. Bulgakova, E.
Kochetkova and E. Luzkova.

The enrichment of surface and its reasons and mutual transformations in the system
metal-adsorbate were discussed on the basis of the published data and our own data. It was
established that the surface enrichment depends on the surface chemistry. The combination of
metals results in appearing on the surface an expensive component which may be traced in
small amount.

The combination of two and more components results in the decreasing of the thermal
stability of adlayers. It is important for the regeneration of adsorbents and catalysts.

The mutual transformations in system adsorbate — metal were investigated depending
on thermal desorption pressure and contact time with CO. It was established that the evolution
of adlayers and the surface change takes place. If the effect of the metal displays as loosing of
bond in an adsorbate molecule and the formation of the surface species, the effect of the ad-
sorbate on the metals consists of the redistribution of the defects on the surface.

The work was carried out with the support of the Department of Chemical Sciences of
Russian Academy, project 09
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PACYET KOHCTAHT 'EHPU B T'A30-AJICOPEIIMOHHOM U )KUIKOCTHO-
AJICOPBIHMOHHOU XPOMATOI'PA®HUHN HA YIVIEPOJHBIX COPBEHTAX

A K. bypsxk, E.C. Ky3nenosa, T.M. Ceptok
VYupeoiwcoenue Poccuiickoii Axademuu Hayx Hnemumym gusuueckoi xumuu
u anexkmpoxumuu um. A.H. @pymxuna PAH, 119991 Mocksa, Jlenunckuii np., 31, kopn. 4.
e-mail:AKBuryak@mail.ru

MoJieKyJISIpHO-CTATUCTHYECKHE PACYEThl TEPMOJANHAMUYECKUX XapaKTEPUCTHK aacopo-
un (TXA) asst Mansix cTerneneit 3amonHenus (061actsh ['eHpH) K HACTOAIIEMY BPEMEHH IPO-
BEICHBI IS aICOPOCHTOB Pa3HOr0 TUIIA M LIMPOKOrO Kpyra aacopOatos. VI3BeCTHBI pacyeTsl
TXA HHEpTHBIX a30B, MPOCTSHIIHMX MOISPHBIX MOJEKYJI U YIJIEBOAOPOAOB Ha IMOPHCTOM
KPHUCTAJUIMYECKOM KPEMHE3eMe — CHIIMKAIUTE U Ha IIe0NUTax pasHoro tumna. Hambonbiuee
pa3BUTHE MOJIEKYJIIPHO-CTATUCTHYECKHE PACUEThI IOJIYYHIIH JJIsl CUCTEMBI TpadUTHPOBAHHAS
tepmuueckas caxa (I'TC) - yrneBoJopoab! U UX NPOU3BOHbIC. [ TaBHON MPUYUHON Pa3BUTHUS
U COBEPIICHCTBOBAHUS MOJEKYJSIPHO-CTaTHCTHYECKUX pacueroB Ha ['TC sBnsercs To, 4TO
aJIcopOILKs Ha ee MOBEPXHOCTH YPE3BbIYAHO UyBCTBUTENbHA K CTPYKTYPE MOJIEKYJI U TI03BO-
JSIET Pa3AeNATh U HICHTU(DUIIMPOBATh TCOMETPHICCKHIE H30MEPBL.

MouneKkyJIsIpHO-CTAaTUCTHYECKUX pacuyeThbl NMPUMEHMMbl M K IPEICKA3aHHIO BEIUYHH
yICpPIKUBAHUS Ha YrIIepoAHOM copbente «[urepkap6» MIUPOKO HCHOJIB3YEMOM B JKHIKOCT-
HOHM XpomaTtorpaduu UIsl SKOJIOTMYECKHX U OMOMEIUIMHCKUX HCCIIENOBAaHUM. XUMHUS MO-
BEPXHOCTH 3TOro copbeHTa O6nu3ka k moBepxHoctu rpadura (I'TC), a HeogHOpOAHOCTH OJ10-
KHPYIOTCSI KOMIIOHEHTaAMH ITI0CHTa U MOJH(pHKaTOpa.

OcHoBHbIE TPOOIEMbI TIpH pacueTax TXA — HEONMPeAeIeHHOCTh TeOMETPUUICCKON
CTPYKTYpBI a7IcCOPOATOB U ITAPAMETPOB HX aTOM-aTOMHBIX MoTeHIuaioB (AAIT).

ITpoBeeHHOE COMOCTAaBICHHE HW3BECTHBIX M MPUHLHUMHAILHO BO3MOXKHBIX METOJOB
BBEJICHUs TONPaBOK B mapametpbl AAIT mo3BonsieT yTBepkaaTh, 4TO HanOOJbIIee 3HAUCHUE
HUMEIOT CIIEYIOIINe METOJIbl: BBEICHUE IONPABOK B MCXOJHbIE TAaHHBIC I pacuera mapa-
MetpoB AAIL B nepByro ouepe/ib B MOJISPU3YEMOCTh, BBEJICHUE MOMPABOK HA OPTO-3(Q(eKThI
u Meto] "u30CTpyKTYpHBIX (pparmentoB" U®D. Ucnons3ys meron MUD moxHO 10OUTHCS CO-
riacust SKCIIEPUMEHTAJIbHBIX U PACYETHBIX NAaHHBIX IS MOJICKYJ PAa3sHbIX KJIACCOB, MOJICKYJI
CO CIIOXKHBIMH BHYTPUMOJICKYJSIPHBIMH B3aHMOJCHCTBHUSAMU M YaCTHYHO PEIINTH IPoOIeMy
HEOIPEICICHHOCTH T€OMETPHUYECKHUX [TapaMeTpoB ajcopbara.

PacueTsl U1 BApUaHTa XKUIKOCTHO-3ICOPOLIMOHHON XpoMaTorpaduu 0COOCHHO BaXKHBI
JUTSL TaOMIIBHBIX, PEAKLIHOHHO-CIIOCOOHBIX U HEJIETYYNX BELICCTB, aHAIN3 KOTOPBIX METOJaMH
ra3oBoi xpomarorpauu 3aTpyaHEeH, B YaCTHOCTH JUIl aMMHOKHCIOT M nentuioB. [TokasaHo,
410 00pa3oBaHHE ACCOLUATOB AMHHOKHCIOT C KOMIIOHEHTaMH KHUAKOW (pa3bl MPHUBOAUT K
cymectBeHHOMY M3MeHeHnto TXA. Jis psija aMUHOKHCIIOT U HU3KOMOJICKYJISIPHBIX HETH-
JIOB TIpoBeJeHbI pacueTsl TXA I UX accolnMaTOB ¢ KOMIOHEHTaMu pactBoputens. Ilomy-
YEHHbIE PE3yJIbTaThl YKa3bIBAIOT Ha HEOOXOIMMOCTh YUeTa Pa3HbIX THIIOB MEKMOJICKYJISPHOM
BOJIOPOJHOM CBSA3H.

Takum o0Opa3om, MoKa3aHa BO3MOXKHOCTb alpUOPHOrO MpecKa3aHus Xpomartorpadu-
YEeCKOro MOBE/ICHHUs aMHHOKHUCIIOT B oOpamieHHo-(azoBoit BOXKX Ha ['mnepkapbe meTtomom
MOJICKYJISIPHO-CTaTUCTUYECKOTO pacyeTa KOHCTaHT aJICOPOLMOHHOTO PaBHOBECHUS OIHPAsCh
Ha HapamMeTpbl aTOM-aTOMHBIX IOTEHI[HAJIOB ONPEEICHHBIX M YTOUYHEHHBIX I BapHaHTa
ra30-azcopOLHOHHON XpomaTtorpaduu.
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HENRY CONSTANTS CALCULATION IN GAS-ADSORPTION AND LIQUID-
ADSORPTION CHROMATOGRAPHY ON CARBON SORBENTS

A K. Buryak, E.S. Kuznetsova, T.M. Serduk
Establishment of the Russian Academy of Sciences A.N. Frumkin Institute of Physical
Chemistry and Electrochemistry, Moscow, E-mail: AKBuryak@mail.ru

Molecular-statistical calculations of thermodynamic characteristics of adsorption (TCA)
for small degrees of filling (Henry region) have so far made for the adsorbents of different
types and a wide range of adsorbates. TCA estimates are known for inert gases, the simplest
hydrocarbon and polar molecules on the porous crystalline silica - silikalite and on zeolites of
different types. The greatest development molecular-statistical calculations were gained for a
system of graphitized thermal carbon black (GTCB) - hydrocarbons and their derivatives. The
main reason for the development and improvement of molecular-statistical calculations on the
GTCB is that adsorption on its surface is extremely sensitive to the structure of molecules and
allows you to separate and identify geometric isomers.

Molecular-statistical calculations also applied to the prediction of retention values on
the carbon sorbent "Hypercarb" which is widely used in liquid chromatography for environ-
mental and biomedical research. Surface chemistry of the sorbent is close to the graphite or
CTCB surfaces, and heterogeneity of the surface is blocked by the eluent and modifier.

The main problem existed in calculating TCA - the uncertainty of the geometric struc-
ture of adsorbates and the parameters of atom-atom potentials (AAP). The comparison of the
known and theoretically possible methods of introducing of correction factors to the AAP
shows that the most important are the following methods: the introduction of corrections to
the original data for calculating the parameters of the AAP, in the first place to the polarizabil-
ity, correction on the “ortho-effects” and method of “isostructural fragments”. Using such me-
thods it is possible to achieved agreement between experimental and calculated data for mole-
cules of different classes, for molecules with complex intramolecular interactions and partial-
ly solves the problem of uncertainty of geometrical parameters of the adsorbate. Such calcula-
tions are particularly important for labile, reactive and non-volatile substances, whose analy-
sis by gas chromatography is difficult, particularly for amino acids and peptides.

It is shown that the formation of associates of the amino acid with components of the
liquid phase leads to a significant change in TCA. For a number of amino acids and low mo-
lecular weight peptides were calculated TCA for their associates with components of the sol-
vent. The results indicate the importance of taking into account different types of intermolecu-
lar hydrogen bond during TCA calculation.

Thus, the possibility of a priori prediction of the chromatographic behavior of amino ac-
ids in reversed-phase HPLC on Hypercarb by molecular-statistical calculation of the constants
of adsorption equilibrium based on the parameters atom-atom potentials which are defined
and updated by the variant of gas-adsorption chromatography.
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CEJIEKTUBHAS COPBIIUA PAJJMOHYKJIMJIOB

B.A. ABpamenko
HUnemumym xumuu /[BO PAH, Poccus, . Biadusocmox,
Hucmumym pusuuecrou xumuu u snekmpoxumuu PAH um. A.H. @pymruna, Mockea

Hcnonp30BaHne CENEKTUBHBIX COPOCHTOB ISl OUUCTKH KHMAKUX PAAUOAKTUBHBIX OTXO-
JIOB JIOCTQTOYHO IIUPOKO PACHPOCTPAHEHO MPH OYUCTKE BOJ ATOMHOI S9HEPIeTUKH TOCKOJIBbKY
OCHOBHBIMH 3aJladyaM{ TaKOH OYHCTKH SIBIISAETCS yNAJICHHE JOJTOKHBYIIUX PaIHOHYKIIHJIOB
sIIEpHOTO IMKIa. B ocHOBHOM 310 11e3uii-137, crponnmii-90, ko6anbt-60 u psa anbda u3my-
yateneld. [Ipu aToM Xxumuueckuii cocraB 0ospuHCTBA JKPO 00BEKTOB aTOMHOM HEPreTUKH
JIOCTaTOYHO HPOCT (MCKITIOYEHUE COCTABIIIOT KUCIBIC JE3aKTHBAIIOHHBIE BOXBI). B TO ke
Bpemsi JKPO pa3nuuHbIX HCCIE0BATENbCKUX LEHTPOB OTIMYACTCS Pa3HOOOpa3sHeM Kak Xu-
MHYECKOI'0 TaK U paJHOXMMHYECKOT0 COCTaBa, B 3aBUCHMMOCTH OT LieJeil U 3a/a4 uccieioBa-
Hui 1eHTpa. [Ipu 5ToM HCHoNb30BaHHE COPOLMOHHBIX TEXHOJIOTUIT OYMCTKH TaKUX BOJ JUK-
TyeT 0coOble TpeOOBaHHS K CENEKTUBHOCTH UCIIONB3YEMBIX COPOCHTOB - LIMPOKHUIl IHana3oH
U3BJICKAEMBIX PAJHOHYKIHUAOB M 0CO00 BBICOKAs CEJICKTUBHOCTB, IO3BOJISIOLIAS U3BJIEKATDH
PamTuOHYKIHIBI U3 PacTBOPOB CIOKHOTO XMMHYECKOTO COCTaBa, BKItodarommx [1AB, xom-
IUIEKCOHBI U T.JI.

Hacrosimas paboTa nocssiiieHa n3y4eHnI0 CBOMCTB HOBBIX CEJIEKTHBHBIX K Pa3IMUHbIM
PaaMOHYKIN/IaM MaTepHaloB, OCHOBHON OCOOCHHOCTBIO KOTOPBIX SIBIISIETCS CIHOCOOHOCTH K
peakiuy ¢ KOMIOHEHTAaMH PAacTBOPA, NPUCYTCTBYIOUIMMH B PACTBOPE MM CHELHAIbHO BBO-
JIMMBIMH B pacTBOp. Takue cOpOLMOHHO-pEareHTHbIE MaTepHalbl COYETAalOT YHHBEpPCallb-
HOCTb METOJIOB COOCAXJICHHS C TIPOCTOTOH M KOMITAKTHOCTHIO COPOLIMOHHBIX METO/IOB.

B pabote wuccienoBanu COpOLMOHHO-PEareHTHBIC HEOPraHWYECKHEe HOHOOOMEHHBIC
MarepHallbl, pearupyromue ¢ cyibdar-, kapOoHAT, OKcanaT-, CylbGUI- U NEepMaHraHaT-
noHamu. OOpasyrommuecs B pe3yJibTaTe peakiuy ¢ JaHHBIMA HOHAMU HEPacTBOPHUMBIC COC/IHU-
HEHUs NPUBOJAT K MHOTOKPATHOMY (B JIECATKH M COTHM Pa3) IOBBILICHHUIO CEIEKTHBHOCTH
copOIyy pa3MuHBIX paJfdOHYKIHIOB — CTPOHIMS, KOOAIbTa, PTYTH, XejIe3a ¥ Maprafia o
CPaBHEHUIO C 0OBIYHOI HOHOOOMEHHOM CHCTEMOIA.

C nomomupio peHtreHo-¢pazoBoro ananmsa, MK-cnekrpockonuu, XMMHYECKOro U pa-
JMOXUMHYECKOTO aHAJIM30B M3Y4eH MEXaHW3M COpOIMH PaJHoOHYKJINIOB Ha pa3INYHBIX
COpOLIMOHHO-PEAreHTHBIX MaTepuajax M IO0Ka3aHo, YTO Pe3KOe BO3PACTAHUE CEICKTHBHOCTH
copOLK 00YCIOBICHO KaK COOCAXKICHUEM PAIMOHYKJIMJIOB Ha HAHOYACTHLIAX HEPAaCTBOPH-
MBIX OCaJIKOB, HAXO/SIIMXCS B IOPAaX HEOPraHUYECKUX MATPHIL, TaK U CEJIEKTUBHBIM HOHHBIM
00OMEHOM Ha MaTpuIie.

Tokazana s¢dexruBHOCTs 0uncTKH JKPO CIOXKHOTO XMMHYECKOTO COCTaBa OT PajHo-
HYKJIUJIOB LIe3UsI, CTPOHIHS U KOOaJIbTa COPOLIMOHHO-PEareHTHBIM METOZIOM. B TO Bpemst kak
OOBIYHBIE CEJIEKTUBHBIE COPOEHTHI (IICOJMTHI, TUTAHATHI M CHJIMKO-THUTAHATBI, Pa3jIWYHbIC
(hOpMBI IMOKCHIAa MapraHIiia) He MO3BOJIAIOT CEJIEKTUBHO BBIACIATh PAAUOHYKIH/bI CTPOHLIUS
U K0OaJbTa U3 PACTBOPOB C 3HAYUTENBHBIM KOJMYECTBOM KOMIUIEKCOOOpa3zoBarels, copouu-
OHHO-pEareHTHbIEe MaTepHajbl MO3BOJSIIOT JOCTUraTh cremneHeil ounctku JKPO, ynoBneTBo-
pstromux TpeOoBaHUAM HOPM paJIallMOHHON O€3011aCHOCTH.

[IpuBeneHbl NaHHBIE ONBITHO-TIPOMBIIUICHHBIX HCIIBITAHUN COpPOIMOHHO-pEareHTHOM
ycraHoBkH ourcTKU JKPO Ha pa3indyHbIX 00bEKTaX aTOMHOM MTPOMBIIUICHHOCTH.

50



SELECTIVE SORPTION OF RADIONUCLIDES

V.A. Avramenko
Institute of Chemistry, Far East Branch, Russian Academy of Sciences
159, Prosp. 100-letya Viadivostoka, Viadivostok 690022, Russia
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry,
Russian Academy of Sciences, 31, Leninskii Prosp., Moscow 119991, Russia

Selective sorbents have found an extensive application in decontamination of liquid ra-
dioactive waste (LRW) of the nuclear industry, since the main task here consists in the re-
moval of long-lived radionuclides of the nuclear fuel cycle. The main part of the radionuc-
lides to be removed includes cesium-137, strontium-90, cobalt-60 and some a-particle irradia-
tors. On the one hand, the chemical composition of the majority of LRW streams at nuclear
energy facilities is relatively simple (except acidic decontamination streams). On the other
hand, LRW formed at different research centers are characterized by the versatility of their
both chemical and radiochemical compositions, depending on the range of problems solved at
a specific center. Thus, the application of sorption technologies of such streams decontamina-
tion poses special requirements to the selectivity of the sorbents to be used: wide range of the
removable radionuclides and extremely high selectivity, which allows removing radonuclides
from solutions of complex chemical compositions (containing surfactants, complexing agents
etc.).

The present work is devoted to the studies of novel materials selective to different ra-
dionuclides, whose main feature consists in the ability to react with the solution components
already present in it or introduced deliberately. Such sorption-reagent materials combine the
universal character of precipitation methods and the simplicity and compactness of sorption
methods.

In the present work, we investigated the inorganic sorption/ion-exchange materials
reacting with sulfate-, carbonate-, oxalate-, sulfide-, and permanganate-ions. The insoluble
compounds formed upon the reactions with the above ions result in multiple (dozens- and
hundreds-fold) increase of the sorption selectivity with respect to different radionuclides
(strontium, cobalt, mercury, iron, and manganese), as compared to regular ion-exchange sys-
tems.

Using the methods of X-ray phase analysis, IR-spectroscopy and chemical and radio-
chemical analysis, the mechanism of radionuclide sorption on different sorption-reagent mate-
rials was studied and it was demonstrated that a dramatic increase of the sorption selectivity
was caused as by radionuclide coprecipitation on nanoparticles of insoluble precipitates, as by
selective ion exchange on the matrix.

The efficiency of decontamination of LRW of complex chemical compositions from ce-
sium, strontium, and cobalt radionuclides using the sorption-reagent method has been demon-
strated. While regular selective sorbents (zeolites, titanates and silicotitanates, different forms
of manganese dioxide) do not enable one to remove selectively strontium and cobalt radio-
nuclides from the solutions containing high concentrations of complexing agents, the sorp-
tion-reagent materials allow the attainment of LRW decontamination factors meeting the radi-
ation safety norms.

The data of pilot plant-scale tests of the sorption-reagent unit for LRW decontamination
at different nuclear industry objects are presented.
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Ipn nepepaboTke 0OIYUEHHOrO SASPHOrO TOIUIMBA, a TAKXKE IPU OYMCTKE KUAKUX
pamuoakTuBHBIX 0TX010B (PKPO) pa3snn4HOro ypoBHS aKTHBHOCTH IIHPOKO HCIIOJIB3YIOTCS
COpOLIMOHHBIE METO/BI U3BJICUCHHS PAJAUOHYKIHIOB LIE3Hs U CTPOHLHS C MCHOJIb30BAHHEM,
KaK OpraHn4eCKux I/IOHOOGMCHHBIX CMOJI, TaK U HECOPraHUYCCKUX COp6eHTOB PpasIu4YHBbIX TH-
1oB. Mcronp30BaHne HEOPraHUIECKUX COPOCHTOB B PAaAMOXMMHUYECKOI NpakTHKe Oojee nep-
CIIEKTHBHO, B CBSI3H C X MOBBIIICHHOH CEIEKTHBHOCTBIO K MOHAM 11€3Hsl U CTPOHIIMS, a TAKKe
BBICOKOI XMMHYECKOH, TEPMUYECKON U paJUalliOHHOM CTOUKOCTBIO.

C uenbio BeIOOpa Hanbosee IPPEeKTUBHBIX COPOCHTOB IS M3BJICUCHUS PaJHOHYK-
JIMJIOB LE3US U CTPOHLIUS U3 PA3JIMYHbIX 10 COCTaBY PACTBOPOB IPOBEAEHBI CHCTEMAaTHUECKUE
HCCIIEIOBAaHUsI COPOLIMOHHO-CENICKTUBHBIX M KUHETHYECKUX XapaKTEPHCTHK Pa3IMYHbIX TH-
OB HEOPTaHUUECKUX COpPOEHTOB. B mporecce SKCIepUMEHTOB ONpe/Ie/ICHbl 3HAYCHHs KOd(-
(unpentor pacupenencrus (Kg) MUKPOKOIMYECTB PATHOHYKIAIOB > Cs 1 SSt, koahuu-
eHtoB pazneneHusi (Dmimz), e M- MHKPOKOMIIOHEHT (Cs+, Sr2+), M- MaKpOKOMIIOHEHT
(momsr HY, Na*, Ca®", Mg®"), a Taxoxe xosddumments: BHyTpennei 1uddy3nun HOHOB He3ns u
CTPOHIIUS.

Tlony4eHHbIe pe3yabTaThl MOKA3aJIM, YTO O OTHOLICHHIO K MOHAM LIE3Usl HauOoJIb-
LIYI0 CEJEKTHBHOCTh TPOSIBIAIOT (eppolraHuIHble COPOSHTHI, Ha KOTOPBHIX JOCTUTAIOTCS
BbICOKHe 3HaueHmst Kq> 10* naxe B 1 Mob/1 pacTBope HuUTpaTa HaTpus. B pacTBopax ¢ HU3-
KO# KOHIIGHTpaIHeil MaKpOKOMIIOHeHTa S(dekTnBHas copbuus nesus (Kg>10%) naGmonaer-
Csl HA CHHTETHYECKUX U MPUPOJIHBIX AIOMOCHIMKATaX, pocdaTax TuTaHa U UUpKOHHMs. [Ipu
UCCIIEIOBAaHUM COPOLMH CTPOHLMS OBUIO BBISBJICHO, YTO HAWJIYYIIMMH COPOLMOHHBIMHU Xa-
paKTepUCTHKaMH 00J1aaloT COPOCHTHI Ha OCHOBE CMENIaHHBIX okcumoB Mapranna (1ILIV), a
TaKKe PSJl CHHTETUYECKUX LIEOJTHTOB.

HccnenoBanue KHHETHKH COPOLUM 1I€3UsI U CTPOHLIUS [IOKA3aJ10, YTO MAKCUMAaJIbHOM
CKOPOCTBIO  cOpOIMH 1e3usi 00J1a1ar0T COPOSHTHI HAa OCHOBE (hepPPOLMAHUIOB MEPEXOTHBIX
METaJJIOB, a MpH copOimu cTpoHuust — cyiabdokatnoHutT KY-2X8 u copOeHTB Ha OCHOBE
cMemanHbIX okcuno Mapranua (IILIV). B GonbummHcTBe citydyaeB HaOIrogaeTcst Koppes-
U COPOLIMOHHO-CENEKTHBHBIX H KUHETUYECKHX XapaKTEPUCTHK COPOCHTOB.

B cBs31 ¢ TeM, UTO aCCOPTUMEHT HEOPTaHUYECKUX COPOEHTOB OTHOCUTENILHO HEBEIIHK,
B UHcTuTyTe DH3mdeckoil xumun U snekrpoxumud uM. A.H. @pymxuna PAH (MDXD PAH)
CO3/1aHa OIBITHAs YCTAHOBKA CHHTE3a COPOCHTOB € MIPOU3BOIUTENIBHOCTBIO HECKOIBKO TOHH B
rox. Ha nanHO# ycTraHOBKEe HapaOOTaHbl OIBITHBIC MAPTUHM PA3JIMYHBIX THIIOB HEOpraHHWYe-
CKHMX COpOEHTOB, pa3paboTaHbl U yTBepxIeHbl TexHnueckue ycnopus. Paspaborannsie copO-
IMOHHBIE TEXHOJIOTUH C HCIOJIb30BAHHEM HEOPTraHWYECKHX COPOCHTOB YCIIEIIHO HUCIOJNB3Y-
10TCsL 11l u3BJIeueHus uesus-137 u3 padunatoB mypekc - nporecca u st ounctku JKPO
Pa3IMYHOIO COJIEBOTO M PaJHOHYKIUAHOIO COCTaBa.
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Sorption techniques for removing cesium and strontium radionuclides based on organic
ion exchange resins and inorganic sorbents of different type as well are widely used in spent
nuclear fuel processing and different activity level liquid radioactive waste (LRW) deconta-
mination technology. Application of the inorganic sorbents in radiochemical practice is more
promising on account of higher selectivity thereof to cesium and strontium radionuclides,
high chemical stability, thermal and radiation resistance.

Systematic studies of sorption-selective and kinetic characteristics of various inorganic
sorbents were aimed at the selection of the most effective sorbents for removal of cesium and
strontium radionuclides from solutions of different composition. As a result of the studies the
following sorbent parameter values have been determined: the distribution coefficients Ky for
micro quantities of 37Cs and 85Sr; the separation coefficients Dy m2, where M, stands for a
microcomponent, such as Cs, St ions, and M, stands for macrocomponents, such as H",
Na®, Cay, Mg2+ ions; and the internal diffusion coefficients for cesium and strontium ions.

The results obtained showed the ferrocyanide sorbents to reveal the highest selectivity
to cesium ions, the Ky values exceeding 10*even in 1 mole/dm® sodium nitrate solution. From
solutions with the low macrocomponent concentrations the effective sorption of cesium with
Kg>10° is observed on synthetic and natural alumosilicates, titanium and zirconium phos-
phates. During the strontium sorption studies if was revealed that the best sorption characte-
ristics are demonstrated by mixed manganese oxide (III, IV) based sorbents and a number of
synthetic zeolites as well.

Kinetic studies of cesium and strontium sorption showed that the maximum cesium
sorption rate is achieved on sorbents based on the transition metal ferrocyanides, and the
strontium sorption with maximum rate occurred on KU-2x8 sulfocationite and mixed manga-
nese oxide (III, IV) based sorbents. In most cases the correlation in sorption-selective and ki-
netic properties of the studied sorbents was observed.

Rather short list of the inorganic sorbents available stipulated the design and construc-
tion of a pilot facility for the sorbent synthesis in IPCE RAS. The facility output is in the
range of several ton a year. The facility is used for production of the experimental sorbent
batches; the Technical Specifications on the produced sorbents are approved according to the
established order.

The developed sorption technologies based on the inorganic sorbents in question are
successfully used for recovery of cesium-137 from Purex process raffinates and for deconta-
minating LRW of different salt and radionuclide composition.
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IIpoBeieHO MOJCIMPOBAHME CHUCTEM BBITECHUTEIBHOW KOMIUIEKCOOOpa30BaTelIbHON
xpoMarorpaduu B yCIOBHAX OOIydCHHS IS DIFOCHTOB HA OCHOBE JUATHICHTPHAMHHIICHTA-
anerara (JITITA). CocTaB aitoeHTa ONPEEsieTCs C TOMOILIBI0 YPABHEHHUI:

”[‘L(D)]*’ [5H<D)]+ 2 [Rp,w)]: [ﬁp(o>]+ [5;7] ey

[Zp(m]: [Zp(o) ] (10(1)%) (2),

rae [AP(D)l[OHp(D)l[HP(D)] - 06H.II/IC KOHILCHTpAIUU KOMINUIEKCOHA, THAPOKCHIIb-

HBIX TI'pYyIIl, BOAOpPOAd, COOTBETCTBCHHO, HM3MCHSIOIMHNECSI B 3aBHCHMOCTH OT paspyHICHUSA

KOMILIEKCOHA (MJIM TIOTJIOLIEHHOM J03bI), MOJIB/JI; [D p] - 001as KOHLEHTPALUs BBITCCHUTE-

1 B OJIIOEHTe, MOJL/I; ) 4 - paspylleHue KOMIUIEKCOHa, %o; Zn[[RP (D)] -

KOHIIEHTPAIHs MPOIYKTOB PaJHONN3a; /I — OCHOBHOCTb KOMILIEKCOHA.
B paboTe ObUIH PacCMOTPEHBI MOJIEINY, YIUTHIBAIONINE HAKOIUICHHE IPOAYKTOB PajUo-
nm3a:

[Rp(m]: k- {TAO [pr)] (3),

e k - ko3 dunmeHT HakorieHust OydepHoi comu NpoayKTOB paguoiau3a Ha 1 Mok pas-
PYLIEHHOTO KOMILIEKCOHA.

B xadecTBe NpPORYKTOB DaJHONU3a PACCMATPHUBAIUCH aleTaThl, MMHHOIHMALCTATHL,
(bopMuaThl, ITUIMHATEL, CyKIIHHATBL.

YcTaHOBIIEHO, YTO MOJIENb, B KOTOPOH NPOJYKTOM PajMoJIN3a SBIISIOTCS alleTaThl ¢ KO-
s dunmenToM Hakomenust k=1+2, HaMIy4IIUM 06pPa30M KOPPETHPYET C SKCIIEPUMEHTAIb-
HbIMU JIaHHBIMU. C MOMOLIBIO JaHHON MaTeMaTH4eCKOH MOJENH PacCMOTPEHbI M3MEHEHus,
IPOHCXOJIIINE B YCIOBUAX OOIyYCHHS B XpoMaTorpadHyecKoi CHCTEME JUIS 3IIOCHTOB C
MIIPOKUM JHANa30HOM 3HadeHuil pH mpu mocTOsIHHON KOHLEHTpaluK KOMILUICKCOHA, H3y4e-
HO BIIMSHME KOHIEHTPALMU KOMIUIEKCOHA TPU IOCTOSIHHOM 3HaueHuu pH, a taxke mosene-
HHE€ UHAUBHIYaIbHBIX KOMIIOHEHTOB pa3JeseMoi cMecH. Y CTaHOBJIEH XapaKTep U3MEHEHHs
KOHIIeHTpauui u 3HaueHuit pH B omroatax. Ha ocHOBaHMU pacCMOTPEHHBIX MpeACTaBICHUN
UHTEPIIPETUPOBAHbI PaHEe MOJIYUEHHBIE SKCIEPUMEHTANIbHBIE JAHHBIE.
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Simulation of displacement complex-forming chromatography systems under irradiarion con-
ditions was performed for eluents based on diethylenetriaminepentaacetate (DTPA). The
composition of the eluent is determined by the following equation

”[pr)]Jr [5H(D>]+ Z”i[Rp,(m]: [ﬁpw)]Jr [Ep] (1)

ol (e @,

where [Zp( D) l [5['1 (D) 1 [['7 o D)] - are the total concentrations of DTPA, hydroxyl ions,
the total concentration of hydrogen ions upon irradiation, reTectively, which vary depending

on complexone decompositions (or absorbed dose), mol/l; [D,, | - is the total concentration

of the displacement agent in the eluent, mol/l; ) 4 - is the degree of complexone decomposi-
tion, %; Zn, |_R -~ D)J - is the concentration of radiolysis products; 77 — complexone basicity.

In the work, we consider models taking into account the accumulation of radiolysis
products,

[Rp(D)]: k- %' [pr)] (3),

where K - is the coefficient of the accumulation of buffer salts of radiolysis products per mol
of the destroyed complexone.

Acetates, iminodiacetates, glicinates, formates, succinates were considered as radiolusis
prodacts.
The model with an acetic acid salt as the radiolysis product best correlated with the experi-
mental data. The changes that occur under conditions of irradiation in a chromatographic sys-
tem were considered with the use of the mathematical model for eluents with a wide pH range
at constant concentration of complexone. The effect of the concentration of complexone and
the behavior of individual components of the mixture under separation were studied at con-
stant pH. The character of the change in the concentrations and pH values in eluates was de-
termined. Experimental data obtained earlier were interpreted on the basis of the above consi-
derstions.
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Mozenu BBITECHUTEIBHOW KOMIUIEKCOOOpa30BaTeNbHOW XpoMaTorpaguu B 0OIIeM
BHUJIC ONHUCHIBAIOTCSI CHCTEMAMH HEJIMHEWHBIX YpaBHEHHUIl, BKIIOYAIOMINX B CeOsl ypaBHEHHS
MaTepraibHOr0 0ajaHca, 3JeKTPOHEHTPAIbHOCTH W ypaBHEHHs (YHKIHMOHATIBHBIX CBSI3Ci
KOMILIEKCOOOPa30BaHUsI U MOHHOTO OOMEHa, a TakXkKe IJIs 30Hbl KaXIOro M3 paszenseMbIX
3JIEMEHTOB PEKypPPEHTHOE COOTHOILCHUE, XapaKTEePU3YIOIIee PEXXUM ITapalIeIbHOTO MIEPeHO-

caa M _ D-Dy _ H-H, _ A-4. _D,, rtae M,D,H,A; M,D,H,A, - KOHIeHTpa-

M, D,-b, H,-H,

A, -4, D

»
LMY HOHOB METaJlIa, BEITECHUTENS, BOJOPO/A, KOMIUICKCOHA B (ha3e KaTHOHUTA B TBEPIOH U
KUIKOI (hasax, COOTBETCTBEHHO; Dy, H,, A, - 0GLIIE KOHUEHTPALKH B JTIOCHTE.

Jlns ompeneneHUs IOPsOKAa BBIMBIBAHHS pa3JeIICMBIX BIEMEHTOB HEOOXOMUMO
PaccMOTpeTh U MOCTPOUTH MAPHHUAIBHYIO H30T€pMy HOHHOIO OOMEHA IPH OZHOBPEMEHHOM
HPHUCYTCTBHU B CHCTEME APYI'MX HOHOB. YCIIOBHE, KOTOPOE IO3BOJISET IIOCTPOUTH JAHHYIO
M30TepMy, KaK IPOCKIHI0 MHOTOMEPHOH H30TEpMBI, SBISETCS DPEXHUM IapajlIeIbHOTO

mepeHoca JUis CyMM KOHIIGHTpaluil pa3feisieMblX JJIeMEHTOB B obeux (azax:
I ,+ M, M D,

i b _ _ =
M, +1 o, M p D,

Ecnu 3agaThest MOTBHBIMU JTOJISIMU CBOGO[[HLIX HMOHOB METAJIJIOB B pacTBOpE:

a

_ _ b ,
a I_Man"+J+ lM])n,,+J Xy I_Mall"+J+ I_Mbnh+J

TO CYMMY KOHIEHTpaUMH pa3lenseMblX JJIEMEHTOB MOXHO paccMaTpuBaTh —Kak

e s

KOHILICHTDALMIO ~ HEKOCTO  [PUBENCHHOTO  JICMEHTA M " KoHcTaHTEl
*
KOMILIEKCO0GDa30BaHNs MOHO- M OMSIepHBIX KoMIUIeKcoB anementa M onpenensrest kax
* * 2 2 o
B, = Bor s X+ Bosara, %o 0 B stas = By X, + By, X, . Pemenne nosoit
CHCTEMBI IPOBOJHUTCS aHATOTHYHBIM CIIOCOOOM, KaK 1 JUIsl OAHOTO JIEMEHTA.

HcenenoBano BIMSHHE KOMIUIEKCOOOPA30BaHUsI HA MAPLHAIBHYIO H30TEPMY MOHHOTO
obmena. Ilpu 00pa3oBaHMM MOHOKOMIUIEKCOB IIOJHOE OOpALCHHE CENCKTHBHOCTH H3
BBIIYKJION M30TEPMBI B BOTHYTYIO IIPOMCXOAUT Yepe3 00JacThb PaBHOW CEJICKTHBHOCTH, KaK H
B INIPOCTOM HOHHOM oOOMeHe. [[JIi NMpOTOHMpPOBaHHBIX KOMIUIEKCOB C YyBeiauueHueMm pH
3JIF0ATOB INOJHOE OOpAaIleHUE CEIEKTUBHOCTH IIPOUCXOIMT IIPH M3MEHCHUM HM30TEPMBI H3
BBIIYKJION B BOTHYTYIO 4epe3 S-00pa3Hylo, OT HIKHEH TOYKH M 10 BEpXHEH TOUKU H30TEPMBI.
ITpn 0qHOBPEMEHHOM MPUCYTCTBUH B CUCTEME NPOTOHUPOBAHHBIX U OMSAEPHBIX KOMIUIEKCOB
B HEKOTOPBIX CIIy4asXx OOpaIlCHHE CEJICKTHBHOCTH COIPOBOXKIACTCS HOSIBICHUEM H30TEPM,
UMEIOIIMX IBE TOYKH IEPECEeUeHUs] C JUaroHalblo, KaxJaas M3 KOTOPBIX XapaKTepH3yeTrcs
pa3IMyYHBIM pacIpeeieHHeM KOHIeHTpauui B obeux ¢aszax. [Ipu sTom oba mpenenbHbIX
ko3¢ duunenTa pasjeneHus conpie 1.
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PARTIAL ION EXCHANGE ISOTHERM AS THE PROJECTION OF A
MULTIDIMENSIONAL ISOTHERM IN THE DISPLACEMENT COMPLEXING
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31 Leninsky Prospect, 119991 Moscow, Russia
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The models of displacement complexing chromatographic systems are generally de-
scribed by the non-linear equation systems comprising the material balance and electroneu-
trality equations, functional relationships for the complex formation and ion exchange, and
recurrent relations characterizing the parallel transfer mode for the zone of each element to be

separated as follows: M D-D, H-H, _A-40 _D, , where M,D,H,A ;
M, D,-D,

0

H,-H, 4,-4, D,
M, D,,H, 4, denote the concentrations of the metal ions, displacing ion, hydrogen ion, com-

plexing agent species in solid and liquid phases respectively;ﬁp,ﬁ »» 4, are the total concen-
trations in the eluent.

In order to determine the elution order of elements it is necessary to build up and examine the

partial ion exchange isotherm in the presence of other ions on the system. This isotherm could

be built as a projection of the multidimensional isotherm on one condition: if the parallel

transfer mode for the total concentrations of separated elements in both phases is maintained

according to the following equations 7, + ¥, M~ _ D,
M, +1

ab o »

Given the molar fractions for the unbound metal ions in the solution,

_ v, M,
X, = n,+ ny+ + Ny, +
I.M a J + I.M b ! J I.M a " J + |.M b ’ J

the total separated element concentration could be considered as the concentration of a de-
* . .
duced element M . The complex formation constants for mono- and binuclear complexes of

X, =

*

. .
M are determined as Botta; = Basg a X Bosra, " X and

Brut, = B -xaz + By -xbz. The new system is solved analogously to the system with

one element only.

The effect of complex formation on the partial ion exchange isotherm has been investi-
gated. Similarly to the simple ion exchange, the complete inversion of selectivity from a con-
vex to the concave isotherm with mono complexes occurs through the equal selectivity area.
For protonated complexes, with the increase of pH in the eluates the complete inversion of
selectivity occurs from the convex to the concave isotherm through an S-shaped one from the
lowest to the highest isotherm point. If the system contains the protonated and binuclear com-
plexes simultaneously, in some cases the inversion of selectivity is accompanied by the for-
mation of isotherms with two intersection points with the diagonal, each one being characte-
rized by a different distribution of concentrations in both phases. With that, the limit separa-
tion coefficients both are greater than 1.
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D¢ PeKTUBHOCTh TNPUMEHEHUS HAHOIOPUCTBIX MAaTEpPHAIIOB B  aJICOPOIIMOHHBIX,
HOHOOOMEHHBIX, XpOMAaTorpa@uueckux M KaTAIUTHYSCKUX IIpolleccax BO MHOTOM
ONpeacyiaeTcss KUHETUYCCKUM XapaKTECPUCTUKAMU a}lCOpGLll/IOHHle cucreM. Pacuer wu
MPOrHO3UPOBaHUE YPHEKTUBHOCTH TAKUX MPOLIECCOB IMPU MX peaU3allid HEBO3MOXEH 0e3
3HAHUS IAPAMETPOB, XapaKTEPU3YIOLIMX ITOJBHKHOCTh aICOPOUPOBAHHBIX MOJICKYII.

Wzyuenne nuddysun B pazauyHBIX aJCOPOLMOHHBIX CHCTEMax IPEJICTaBIsIeT H
CaMOCTOSATEIIBHBIH HMHTEPEC, MOCKOIBKY II03BOJIET TIIyOXe pa3o0paTeCsi B IIPOIECCaXx,
NPOTEKAIONIMX B MOPUCTBIX MaTepuaiax, aHaJIM3MPOBaTh COCTOSHHE alIcOpPOMPOBAHHBIX
MOJIEKYJI 1 MEXaHU3M HX B3aUMOJICHCTBHS C aJICOPOCHTAMHU.

Koapduumentol auddys3un  aacopOUpyeMbIX MOJICKYJ MOTYT OBITh H3MEpEHBI
CTaHJAPTHBIMM MaKPOCKONHMYECKMMH METOJaMH, C NPUMEHEHHEM COBPEMEHHBIX (pH3HKO-
XHUMHYECKHX METO/IOB, a TAK)KE PAaCCUNTAHBI YUCICHHBIMH METOJAMHU.

MHUKpPOCKOITMYECKMM METOAAaMH, K KOTOpPBIM OTHOCHTCS, Tpexnae Bcero, SIMP c
HMITYJIbCHBIM TpajgueHToM MarHutHoro moist (U SIMP), uccnenyercs TemnaoBoe ABUKEHHE
MOJIEKYJI B PABHOBECHBIX YCIOBUAX (camoauddy3usi) Ha HAHOMETPOBOM YPOBHE.

B pa6ore mompobHO paccmoTrpeHsl Bo3MoxnoctH Metoaa U SIMP mpu usydenunn
MOJBHKHOCTH MOJIEKYII, a1cOpOUPOBAHHBIX B HAHOMOPHUCTBIX Marepuanax,
NIPOAHAIM3HPOBAHbl PE3YJIbTAaThl, IOJyYCHHBIC IPH W3YyYCHUH IOJBIKHOCTH MOJICKYI,
a/IcOPOMPOBAHHBIX B IEOJMTaX M HAHOMOPHUCTHIX YIIEPOOHBIX ancopbentax [IpoBeneHo
COIOCTABJICHUE PE3YJIbTATOB IKCIIEPUMEHTAIBHBIX HCCIEIOBAHUMN C JAHHBIMH, TTOJTy4YEHHBIMU
METOJIOM YHCJICHHOTO MOJICTIMPOBAHUS TPAHCIIMOHHONW MOIBIXHOCTH aJICOPOMPOBAHHBIX
MOJIEKYI.

IIpoBeneHHbli aHanU3 pe3ysbTaTOB MAaKpO- M MHKPOCKONHUYECKHX HCCIEI0BaHUH,
BKJIFOYasi YHCIICHHOE MOJEIMPOBAHUE TPAHCIALMOHHON HOABMKHOCTH aJCOPOMPOBAHHBIX
MOJIEKYJI B HAHOIIOPHCTBIX a/ICOPOEHTaX, MO3BOJISIET CACNATh CIIEAYIOIINIA OO BBIBOI.

IIporpecc B wuccienoBaHUM aJCOPOIMOHHBIX CHCTEM IIPEAIOJiaracT CouYeTaHHe
a7IcOPOIIIOHHO-KUHETHYECKAX MOAXOA0B C COBPEMEHHBIMH CTPYKTYPHBIMH METOAAMH,
MO3BOJISIIONIMMH  11OJTy4aTh HHQPOPMALMIO O COCTOSHUM aIacOpPOMPOBAaHHBIX MOJEKYJ, B
YaCTHOCTH, UX IOJIBIDKHOCTH Ha MUKPOCKOITMYECKOM YPOBHE.

VY COBepIICHCTBOBAaHHE OIKCIIEPUMEHTANBHBIX METOJUK H3MEpeHUs] KOodI(PUIMEHTOB
muhdy3ur B PaBHOBECHBIX U HEPAaBHOBECHBIX YCIIOBHSX, a TaKkKe HHTEpIpeTanus
9KCHEPUMEHTAIBHBIX JaHHBIX U MOCTPOCHHUE TEOPETUYECKUX MOJEIEeH CHCTEM ancopOeHT—
ajzicopOaT JOJDKHBI OBITH HAIpaBlCHbl HE TOJIBKO Ha TOYHOCTh B OLEHKE AU((HY3MOHHBIX
CBOMCTB pa3HBIMH MeTOJaMu. BaxKHBIM Npe/icTaBIsAETCS TaKXKe a[JeKBAaTHO OILICHUBATH BKJIA/IbI
TEX WIN WHBIX SBJICHHUH, CONPOBOXIAIONIIMX aJICOPOIMIO, YTOObI YCTAaHOBUTH CBSI3b MEXKIY
MakKpOCKONIMYECKIMH M MHKDOCKOIIMYECKHM  [lapaMeTpaMH  MaccollepeHoca B
a7ICOPOILIOHHBIX CHCTEMaX.
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TRANSLATION MOBILITY OF MOLECULES ADSORBED IN NANOPOROUS
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E.V. Khozina, A.M. Voloshchuk.
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E-mail: avoloshchuk@rambler.ru

The efficiency of application of nanoporous materials in the adsorption, ion-exchange,
chromotographic and catalytic processes is in many respects determined by the kinetic per-
formances of the adsorption systems. Calculation and forecasting of efficiency of such
processes at their implementation is impossible without knowledge of the parametres charac-
terising mobility of adsorbed molecules.

Diftusion studying in various adsorption systems represents also self-dependent interest
as it allows to understand in more detail the processes proceeding in porous materials, to ana-
lyse a state of the adsorbed molecules and the mechanisms of their interacting with adsorbents.
Diffusivities of adsorbed molecules can be measured by standard macroscopical methods,
with application of up-to-date physicochemical techniques, and also counted by numerical
methods.

Microscopic methods to which the pulsed field gradient NMR method (PFG NMR) refers to,
first of all, explore thermal motions of molecules in equilibrium conditions (self-diffusion) on
a nanometer scale.

Possibilities of the PFG NMR method at studying of mobility of the molecules adsorbed
in nanoporous materials are considered, and results gained at studying of mobility of mole-
cules adsorbed in zeolites and nanoporous carbon adsorbents are analyzed. Experimental re-
sults were compared to the data gained by a method of numerical simulation of translation
mobility of adsorbed molecules.

The analysis of the results of macro- and microscopic studies, including numerical simulation
of translation mobility of adsorbed molecules in nanoporous adsorbents allows to draw the
following the overall conclusion.

Progress in investigation of adsorption systems surmises a combination of adsorption-
kinetic approaches to the up-to-date structural methods, allowing to gain the information on a
state of the adsorbed molecules, in particular, their mobilities at microscopic scale.

Development of the experimental techniques of measuring of diffusivities in equili-
brium and non-equilibrium conditions, and also interpretation of the experimental data and
build-up of theoretical models of systems adsorbent[adsorbat should be guided not only on
accuracy in an estimate of diffusion properties of adsoption systems with use of different me-
thods.

It is important as well to represent adequately contributions of different phenomena ac-
companying adsorption processes, and to establish connection between macroscopic and mi-
croscopic parameters of mass-transfer in the adsorption systems.

59



HUCCIIEJOBAHUA M.M. 1YBUHUHA B IUHAMMUKE A1COPBLIMA

A.B. Jlapun
Vupesrcoenue Poccuiickoti akademuu Hayk Hncmumym @usudeckoti Xumuu u S1eKmpoxumuu
um. A.H ®@pymxuna PAH, 119071, Mockea, Jlenunckuii np., 31, E-mail: larin@phyche.ac.ru.

IlepBble uccnenoBanust B obOnacté JuHaMuku aacopbumn M.M. Jlyounun (M.M.)
nposed B 30 rojbl MPOLIIOro CTojeTHs. PaboThI BBIMOIHEHBI B J1a00pPaTOPUU XUMHUYECKOM
3amuThl MOCKOBCKOTO BBICIHIEIO TEXHHYECKOro yumianmia, a ¢ 1932 roma B ToH xe
naboparopun, Ho BoeHHOI akaleMUy XMMUYECKOH 3aIIHTHI.

K sToMy BpemeHH uucio paboT B AMHAMMKE afAcOpOLMM MCUMUCISUIOCH eluHULaMu. B
nepBbix myOnukamuax M.M. CKpyIylIe3HO aHAaIM3UpYeT CYIIECTBYIOLIYIO TEOpPHUIO,
paccMaTrpuBaeT OCOOCHHOCTM  HECTAL[MOHAPHOW JUHAMHUKHM  aJcopOIMH, HCCIeayeT
XapaKTEePUCTUKU HEMOABMKHOTO CIIOS 3epHUCTOrO ancopbenTta. imenHo M.M. dopmynupyer
TEPMUH U OIpeielsieT AMHAMUKY aJICOPOLMHU KaK paszien pU3NUECKON XUMHU.

Taxke mpoBOIUTCS OOJIbIIAs JKCIEPUMEHTaIbHAs padoTa MO COBEPLICHCTBOBAHHIO
METOJ0B (hMKCAllMM KOHICHTpalWii mapoB BemlecTB. Hapsay ¢ xumuyeckuMu 0OBEMHBIMU
MeToJaMM (pUKCalMU KOHUEHTpauuil M.M. BBOIUT B CHCTEMYy IMHAMHYECKOro IpubOpa
CBOCOOpPA3HbI JETEKTOp — HHTEPHEPOMETp, T.€. COBPEMEHHYIO Ha TO BpEMSI METOJHKY
(U3MKO-XMMHYECKOr0 aHanu3a. lcrmonb3ys coyeTaHHe XMMMYECKOTO METOJa aHaliu3a |
unreppepomerp, M.M. COBMECTHO C COABTOpaMH BIIEPBBIE B MHpPE HCCIENYET IMHAMHKY
azcopOIMy OMHApHOW CMecH MapoB — 3TaHOJNA W TONyoja. PaGoThl MpU3HAHBI MEPBBIMU
UCCIEI0OBAaHUSIMU B BHITECHUTENILHON (PPOHTAIBHOM XpoMaTorpaduu cMecel BEIEeCTB.

B nocnenyromux paborax, B ToJbl HHTEHCHUBHOTO IOSIBJIEHHS TEOPETUYECKUX paboT B
IUHAMHKE ancop6unu, M.M. dopmynupyer TpeOOBaHHS K PEIICHUIO MPSIMOW M OOpaTHOM
3ajad JuHaMuKK ajncopOuuu. IIpsmas 3amaua ompenensercss Kak IpeickasaHue (OpMbl
BBIXOJTHOM KPUBOIl Ha OCHOBE M30TEpPMbI aJCOPOLMH, KMHETHYECKHX KOI(DPUIMEHTOB H
ycnoBuit ombiTa. OOpaTHas 3ajjaya onpenesieHa Kak HaXOXKACHHUE H30TEPMbI aJCOpOLUH U
KHHETHYeCKHUX KO3()(HHIUEHTOB 13 SKCIIEPUMEHTAIbHON BBIXOIHOH KPHBOM.

OpnoBpemeHHO mKkona M.M. JlyOuHuHA BIiepBbIe pa3pabaThIBacT METOIbI aHAIU3a
MPOCKOKOBBIX KOHLIEHTPALMii B 00IaCTH MajbIX KOHIIEHTpauuii. MUpOBOil ypoBeHb paboT B
9TOM 001aCTH 710 HACTOSIIEr0 BPEMEHU MOXKET CUMTAThCS HENPEB30HICHHbIM.

A.J. CapaxoBbIM ObLI CKOHCTPYHUPOBaH OPHIMHAIBHBIN AETEKTOP OOHAPYKEHUS TTapoB
BOJZbI TPH BeCbMa MajblX KOHUEHTpauusx. MccnenoBanus BO ()POHTAIBHOW JUHAMUKE
a/IcopOIMU NapoOB BOJIbI HA AKTUBHBIX YIIISX MMO3BOJIMII M3MEPHTh H30TEPMbI a1COPOLIUH BOBI
B oOnacti Manbix 3anonHeHuil. [lony4yeHHble BIiepBble pe3ysbTaThl KapUHAIBHO 000TaTHIIH
HpeCTaBICHUs] O MEXaHU3ME aJICOPOIIMHU ITApOB BOJIbI HA YIJIEPOJHBIX aJCOPOCHTAX.

Ormnpezenenue MajbIxX, CIIEJOBBIX KOJIUUECTB BEIECTB B JMHAMHKE aJCOPOLIUH OCTAaeTCs
aKTyanbHOH 3amaueil. B cepenune u xonme 60-x romos mpouutoro Beka M.M. coBMecTHO ¢
K.M. HuxonaeBsim 1 H.C. I10KOBBIM TIpeajaraeT OpUrHHAIBHYIO KOHLENIHUIO (QUKCALUH
MaJlbIX KOJMYECTB OPraHUUYECKUX BEIIECTB C HMCIOIb30BAHHEM IIAMEHHO-HOHU3ALHOHHOIO
nerexropa (ITM/]) u mpoboorGopHuKa 0c000N KOHCTPYKIMH. Takoe codeTaHHe MO3BONISET
(pMKCHPOBATH OTHOCHTENbHBIE KOHIIEHTpAIMH, HaunHas ¢ 107, TIM]I mupoko HCIoNb3yeTcs B
JIUHAMHKe ancopOumu. Ho B mMccienoBaHMSAX pa3MYHBIX TPYNIT aBTOPOB MHHHMAaJbHAs
OTHOCHTENbHAsI KOHIIEHTPALHSI COCTABIISIET 107,

3Ta YHUKaJIbHasi MCETOJAMKA COXPaHICT CBOM IMPUOPUTET A0 HACTOALIEIO BPEMEHU.
VKa3aHHBIM METOJOM H3y4eHbl JUHAMHUYECKHE XapaKTePHUCTHKH LIEJIOro psija afcopOeHTOB B
OTHOIICHHH OOJIBIIOTO YKCIIa Pa3IMYHBIX Ta30B U mapoB BemiecTs. [locnennue pabotst M.M.
JlyOuHuHa ObUTH IOCBSILEHB! HACYLIIHOMY BapHAHTY HPOSBUTENBLHOM AMHAMUKY a/ICOPOLIUN.

Paboma evinonnena npu gpunancogoii noodepoicke PODOU (epanm 11-08-01083a).
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The first studies of the dynamics of adsorption, M.M. Dubinin (M.M.) conducted in 30"
years of the last century. Work had been performed in the laboratory of chemical defence of
the Moscow Higher Technical School, and since 1932 in the same laboratory, but the Military
Academy of Chemical Defence.

By this time the number of papers in the frontal dynamics of adsorption counted in units.
In the first publications M.M. thoroughly examines the existing theory, especially considering
the stage of unsteady dynamics of adsorption, explores the characteristics of a fixed bed of
granular adsorbent. Namely M.M. formulates the term of dynamics of adsorption and defines
one as a part of physical chemistry. A large experimental work also conducted to improve me-
thods of fixing the vapor concentrations of substances. Along with chemical fixation methods
of concentrations M.M. introduces in a dynamical system the original detector - an interfero-
meter. At the time interferometer was a modern technique of physical and chemical analysis.
Using a combination of chemical method and the interferometer, MM together with col-
leagues for the first time in the world explores the dynamics of adsorption of a binary mixture
of vapors - ethanol and toluene. These works found in the first studies of displacement chro-
matography of mixtures.

In subsequent studies, during the emergence of intensive theoretical studies of the dy-
namics of adsorption, M.M. formulates the requirements for the solution of the direct and in-
verse problems of dynamics of adsorption. The direct problem is defined as the prediction of
the break-through curve on the basis of adsorption isotherms, kinetic coefficients and the ex-
perimental conditions. The inverse problem is defined as the location of the adsorption iso-
therm and kinetic coefficients from the experimental break-through curve. At the same time
school M.M. for the first time has been developed the methods to analyze the break-through
concentrations at low concentrations. World class research in this area to date may be unsur-
passed.

AL Sarakhov was designed an original detector of water vapor fixation at very low
concentrations. In particular, using this detector it was performed study in the frontal dynam-
ics of adsorption of water vapor on active carbons. Study had allowed measuring the adsorp-
tion isotherms of water at low adsorption coverage. The obtained results for the first time
sharply enriched on the mechanism of adsorption of water vapor on carbon adsorbents.

Definition of small, trace amounts of substances in the dynamics of adsorption remains
an urgent task. In the mid and late 60th, M.M. with K.M. Nikolaev, and N.S. Polyakov, offers
an original concept of fixation of small quantities of organic substances using a flame ioniza-
tion detector (FID) and the sampler of special design. This combination allows us to record
the relative concentrations ranging from 10”. FID is commonly used in dynamic adsorption.
But in studies of different groups of authors minimum relative concentration is to be of 10,

This unique methodology retains its priority to date. By this method it was studied the
dynamic characteristics of a number of adsorbents for a large number of different gases and
vapor of different substances. Recent work M.M. Dubinin was focused on the urgent version
of elution dynamics of adsorption.

This work was supported by RFBR (grant 11-08-01083a).
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ITokazana mpuMeHumMocTh ypaBHeHus [lyOunHuHa-PamymikeBuda Uit XapaKTepPHCTHKH
3aI0JIHEHHSI KaK MEpPBOTO, TaK M MOCIEIYIOUIMX aJCOPOILMOHHBIX CIOEB HA IHEPreTHUECKH
HEOHOPOHBIX MOBEPXHOCTIX. Ha OCHOBE yCTaHOBICHHOM 3aBUCHMOCTH HEPTHHU aJCOpPOLUH
OT HOMEpa CII0sI TIOJTYYCHO JABYXapaMeTPHUECKOe YPaBHEHNE MHOTOCIONHOM aicopOIuu:

n
S Yewl ) 2]
m 1

T/ie a,, — IpeJebHas EMKOCTh aJcOpOLMOHHOTO ciosi, A — quddepeHnnanbHas MOJb-
Has pabora ancopbumu, E, — xapakrepucTrdeckasi SHEpTus aJcopOLUH B IIEPBOM CIIOE, 1 —
HOMeEp aJICOPOLIMOHHOTO CIIOS.

VYpaBHeHHE ONKCBHIBACT afCcOPOILOHHBIC PABHOBECHS HA HEMTOPHUCTHIX U MIMPOKOHNOPHUC-
THIX a/icoOpOeHTaX BO BCEH 00JaCTH MOHO- M HOJIMMOJIEKYJISIPHOM acopOIyu, He OCIOKHEH-
HOU CHenu(pUIeCKUMH B3aMMOJICHCTBUSAME aacopOara ¢ MOBEPXHOCTHIO, HATHYHEM MHUKPO-
Op ¥ Aa€T BO3MOXKHOCTH MPOTHO3MPOBAHMS U30TEPM aJCOPOIINH Pa3IMYHBIX APOB HA OCHO-
BE MHHHMAJIBHOTO IKCIEPUMEHTAIILHOIO MaTepHaa, MOCKOJIbKY B Clydae OTCYTCTBHUSI MO-
BEPXHOCTHOI OpHEHTANNHN BEUIECTB 3aBUCHMOCTH MapaMeTpoB d, ¥ E; oT mpupomsr amcop-
OTHBOB NEpPEIAOTCS] COOTHOLICHHUSIMHU:

@y (VO,)M —a," (Vo”)m w (B JEy) = (PP Y (Vo '/ Vo) 2,
rae P, P u V', Vo'’ - mapaxopsl BEIIECTB 1 MOJIbHBIE 00BEMBI COOTBETCTBYOIIMX JKUIKO-
CTEeH.

Ipu HaMUYMKH MUKPOIIOP U CrieHU(PUISCKUX B3aUMOACHCTBUI BO3MOXKHO NPUMEHEHHE
ypaBHeHus 3a Toukoil B. [Ipu 3ToM BenuuuHy agcopOipn B Touke B (az) MOXHO paccmarpu-
BaTh KaK CyMMY IPEAEJIbHBIX BEJIMYMH aACOPOLUH B MUKPOIOPAaX U MIEPBOM CJIO€: dg = dp T
amey). Torma x pasHOCTH a-ap = O, OIpenensieMoi 3a TOYKOH B, MoXeT ObITh IPUMEHEHO
ypaBHEHHE MHOTOCIIONHON afcopOLuu.

OrpaHNyMBasCh PACCMOTPEHUEM aJCOPOIMH B TPEX CIOSAX U HPUMEHSIS LIS XapaKTepH-
CTHKH 3aIIOJIHEHHS BTOPOTO M TPETHEro CIOEB YCTAHOBJICHHYIO paHee BO3MOXKHOCTH aIllpoK-
CHUMaIli CyMMapHOHM aacopOIuu B ABYX cJosiXx ypaBHeHueM JlyOoununa mis copOentos I
CTPYKTYPHOT'O THIIA, TIOJYYUM YPaBHEHHUE:

8 =2,42aexp[-1,9(A/E»)],
MO3BOJISIOIIEE 0XAPAKTEPU30BaTh 00BEM MUKPOIIOP U BEJIMYHUHY YCIbHOW MOBEPXHOCTH, IS
KOTOpOH CIpaBeUIUBBI IPEJICTABICHHS O TIOCIOWHOM XapakTepe ancopOuun. Takas xapakre-
pHCTHKa MOXET OBITh IPOBEJCHA IO PA3INYHBIM aAcO0THBaM Oe3 MPHBJICUYCHHUS NaHHBIX I10
«CTaHJAPTHBIMY» H30TEpPMaM aJCOPOLUH, YTO PACIIUPSET BOSMOXKHOCTH M 3HAYUMOCTH a-
COpOIIIOHHBIX METOJIOB MCCIICIOBAHUS.

Tax, Hanmpumep, npu aacopbmm CO u H-C4H ) Ha quatomure, C,H, Ha caxe, SO, Ha
rpadure, O, u C¢Hg Ha MmouT™Mopuionure, CH;OH, CO,, -CsH)» u #-C7H,¢ Ha arTamyib-
rute, C¢He Ha aKTHUBHBIX YIISIX M Ca)XkaX MPHUMEHEHHE O-METOJa MPUBOIUT K 3HAUYCHUSIM
Y/ACNBbHON MOBEPXHOCTH MPAKTHYCCKH HICHTHYHBIM BEIMYHMHAM MMOBEPXHOCTH, HAWICHHBIM
Ha OCHOBE M30TE€PM aJICOPOIIMH MapoB a30Ta.
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APPLICATION OF DUBININ-RADUSHKEVICH EQUATION IN THE
DESCRIPTION OF MULTILAYER ADSORPTION

V.V. Gur’yanov, G.A. Petukhova, L.A. Dubinina
Institution of Russian Academy of Sciences
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry of RAS,
119071, Moscow, Leninsky Prospect, 31, tel: (495) 955-44-19,
e-mail: petukhova@phyche.ac.ru

The applicability of Dubinin-Radushkevich equation to describe the filling of both the first
and subsequent adsorbed layers on energetically heterogeneous surfaces was shown. Based on
the established dependence of the adsorption energy on the number of layers received a two-
parameter equation multi-layer adsorption

=Y expl-()? 240

a T El

where ap, - maximum capacity of the adsorption layer, and A - the differential molar work of
adsorption, E; - the characteristic energy of adsorption in the first layer, i - number of the ad-
sorbed layer.

The equation describes the adsorption equilibrium on non-porous and widely porous adsor-
bents over the entire range of mono-and multilayer adsorption is not complicated by specific
interactions of adsorbate with the surface, the presence of micropores. It allows you to predict
the adsorption isotherms of various vapors on the basis of a minimum of experimental data,
because in the absence of surface orientation dependence of the a, and E; parameters of sub-
stances on the adsorptive nature transmitted relations:

an (Vo) = an” (Vo ) u (By /B ") = (PP )( Vo '/ Vo),

m

where P ', P" and V', V(- parahory substances and molar volumes of appropriate liquids.

In the presence of micropores and specific interactions can be applied equation by point B.
The value of adsorption at point B (ag) can be considered as the sum of the limit values of ad-
sorption in the micropores and the first layer: ag = amo + am (1). Then to the difference

a-ag = 0, defined by point B, the equation can be applied to multilayer adsorption.

Confining ourselves to the adsorption of three layers, and applying to characterize the filling
of the second and third layers established earlier the possibility of approximating the total ab-
sorption in the two layers of Dubinin equation for the sorbent structure type II, we obtain:

8 = 2,42a,exp[-1,9(A/E)],

enables us to characterize micropore volume and specific surface area value, for which the
notion of layered nature of adsorption. Such a characterization may be carried out on various
adsorptives without using data from the "standard" adsorption isotherms, which expands the
possibilities and importance of adsorption methods.

For example, the adsorption of CO and n-S4Nj( on diatomite, C;H, on soot, SO, on graphite,
0, and C¢Hg on montmorillonite, CH;0H, CO,, n-CsH;; and n-S7N on attapulgite, C¢Hg on
activated carbons and sazhah use 6-method leads to values of specific surface area of almost
identical values of the surface found on the basis of adsorption isotherms of nitrogen vapor.
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DEFORMATION OF MICRO- AND MESOPOROUS ADSORBENTS

Alexander V. Neimark
Department of Chemical and Biochemical Engineering,
Rutgers University, 98 Brett Road, Piscataway, New Jersey 08854-8058, USA
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Phenomenon of adsorption-induced deformation was actively studied over the years by M.M.
Dubinin and his colleagues and disciples [1,2]. It has attracted recently a renewed interest due
to the practical problems of mechanical stability and integrity of novel nanoporous materials
and their adsorption properties. Guest molecules adsorbed in nanopores cause a substantial
stress in the host matrix leading to its contraction or swelling depending on the specifics of
host-guest interactions. Although various experimental manifestations of adsorption-induced
deformation have been known for a long time, a rigorous theoretical description of this phe-
nomenon is lacking. I will present a thermodynamic approach suggested for predicting ad-
sorption stress and respective deformation in various microporous and mesoporous materials
[3-9]. A special attention will be paid to enigmatic phenomenon of breathing of metal-organic
frameworks and deformation of coal during CO, sequestration at geological conditions.

REFERENCES:
1. Tvardovskiy A.V. Sorbent deformation; Elsevier, Oxford, 2007.
2. Dubinin M.M., Neimark A.V., Serpinski V.V. - Impact of the adsorbate compressibility on
the calculations of the micropore volume, - Carbon, 1993, 31, 1015.
3. G. Yu. Gor and A.V. Neimark, - Adsorption-Induced Deformation of Mesoporous Solids:
Macroscopic Approach and Density Functional Theory, - Langmuir, 2011, 27, 6926; 2010, 26,
13021.
4. A. V. Neimark, F.X. Coudert, C. Triguero, A. Boutin, A. H. Fuchs, I. Beurroies, and R.
Denoyel, - Structural Transitions in MIL-53 (Cr): View from Outside and Inside, - Langmuir,
2011, 27, 4734.
5. G. Yu. Gor and A.V. Neimark, - Adsorption-Induced Deformation of Mesoporous Solids, -
Langmuir,
6. A. V. Neimark, F.X. Coudert, A. Boutin, A. H. Fuchs, Stress-based Model for the Breath-
ing of Metal-Organic Frameworks, JPC Letters, 2010, 1, 445.
7. K. Yang, X. Lu, Y. Lin, and A.V. Neimark, - Deformation of coal induced by methane ad-
sorption at geological conditions, Energy&Fuels, 2010, 24, 5955.
8. P. Kowalczyk, A. Ciach, and A.V. Neimark, - Adsorption-induced deformation of micro-
porous carbons: pore size distribution effect, - Langmuir, 2008, 24, 6603.
9. P.I. Ravikovitch and A.V. Neimark, - Density Functional Theory Model of Adsorption De-
formation — Langmuir, 2006, 22, 10864.
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GC/MS FOR MEASURING THE ADSORPTION OF WATER, N-
DECANE, AND THE CONCENTRATION OF OH GROUPS ON THE
SURFACE OF GLASS FIBERS

V.A. Bakaev and C.G. Pantano
Materials Research Institute, The Pennsylvania State University,
University Park, PA, USA

The adsorption of water on the surface of glass fibers is fundamental to their wettability
and reactivity with polymers, as well as to their degradation in humid and other corrosive en-
vironments. However, the measurement of water adsorption on glass fiber surfaces by con-
ventional adsorption techniques is hindered by their small specific surface area (of the order
0.1 m%/g). In this communication, we describe a chromatographic technique, sometimes called
inverse gas chromatography (IGC) at finite dilution, to overcome this problem. Specifically
we use two well known methods of IGC (and liquid chromatography) called frontal analysis
(FA) and frontal analysis by characteristic point (FACP) [1]. The experimental part of the
work is based on a gas chromatograph with a mass sensitive detector (GC/MS) and an injec-
tion unit we developed for use of the FA and FACP methods of IGC. The unit consists of a
six port injection valve and a saturator which generates a broad pulse of water, n-decane or
deuterium oxide concentration at the entrance of the chromatographic column (a 23x0.4 cm
glass tube packed with glass fiber). This allows one to evaluate isotherms of adsorption for
water and n-decane in the approximation of ideal chromatography [1]. The n-decane isotherm
allows one to determine the specific surface area of the glass fibers. Injection of deuterium
oxide makes it possible to determine the concentration of OH-groups [2], so-called silanol
number.

The second part of the work is computer simulation of the chromatographic process. It
involved developing a method for calculation of the apparent axial diffusion coefficient Dypy,.
This coefficient is the effective measure of deviation of the chromatographic process from
ideality. When Dy, and adsorption isotherm are known, one can simulate the breakthrough
curves of real (in contrast to ideal) chromatography. For such a simulation, we used a front
tracking technique and a fraction step method of computer simulation [3]. The front tracking
technique is based on the approximation of the concentration front in the column by a succes-
sion of steps and a piecewise linear approximation of adsorption isotherm. In this approxima-
tion, each step of concentration moves independently of the other steps and its speed is deter-
mined by the so called jump (Rankine-Hugoniot) condition. The fraction step method consists
in treating convection (where front tracking is used) and diffusion time half-steps of computer
simulation separately in contrast with conventional method of computer simulation [1] where
both of them are included in one time step. Simulation of the breakthrough curves, and com-
paring them with the experiment, makes it possible to obtain refined adsorption isotherms us-
ing a recently suggested inversion technique [4].

1. A. Andrzejewska, K. Kaczmarski, G. Guiochon, J. Chromatogr. A, 1216 (2009) 1067-1083.

2.V.A. Bakaev and C.G. Pantano, J. Phys. Chem. C, 2009,113, 13894-13898

3. H. Holden, N.H. Riesebro, Front Tracking for Hyperbolic Conservation Laws,
Springer-Verlag, New York-Berlin-Heidelberg, 2002.

4.V.P. Shkilev and V.I. Bogillo, Russian J. Phys. Chem. vol. 72, No. 9, 1998, 1502-1506
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OHEHKA TEPMO/JUHAMHWYECKHUX XAPAKTEPUCTUK AJCOPBLIMN
YIVIEBOAOPOJOB U UX MPOU3BOJAHBIX HA I'PA®EHE

B.4. JlaBeinos, E.B. Kanamuukosa
Mockosckuii cocydapcmeennviil yHusepcumem umenu M.B. Jlomonocosa,
Xumuueckuit paxyromem, 119992 Mockea, E-mail: VYaDavydov@phys.chem.msu.ru

T'paden, momydeHHbIl cHATHEM cioeB ¢ rpaduTa [1], npencrasnseT coboit IByMepHBIii
KPHUCTAJUT ¢ YHUKAJIbHBIMU JJICKTPOHHBIMU CBOWCTBAMHU, KOTOPBIH, KaK OXXHIAIOT, MOXKET
HAWTH MPUMEHEHHE B HAHOTEXHOJOTMYECKUX YycTpoiicTBax. Obnanast GONBIION yaeTbHOM
TOBEPXHOCTBI0 2630 M 2/r [2], rpad)eH MHTEPECeH | KaK aCOPOEHT ¢ OJHOPOIHO OBEPX-
HOCTBIO.

B nacrosimee Bpems emie He pa3paboTaHbl METOIBI MOJYYEHHS B TOCTATOYHBIX KOJIHU-
YyecTBax rpadeHa, HeoOXOAUMBIX Ul aJICOPOLMOHHBIX M3MepeHuid. OHaKo aacopOLnoH-
HbIE CBOWCTBA rpad)eHa MOXHO OLICHUTh U3 UMEIOIIUXCS MHOTOYUCIICHHBIX paboT 1o H3y-
YEHUIO aJCOPOLMOHHBIX CBOMCTB rpadurtupoBannoii Tepmuueckoit caxu (I'TC) ¢ ogHo-
POIHON OBEPXHOCTBIO.

Jlnst pacdeTa SHEpPruy B3aHMOJICHCTBHUS aToMa yIiiepoja ¢ KpucTtaiuioM rpadura B [3]
MPOBOJMIIOCH CyMMHPOBAHHE SHEPIHU B3aUMOJICHCTBHS aICOPOMPOBAHHOTO aTOMa YIiepo-
Jla He TOJBKO C aTOMaMH yIJepoja NepBO IIOCKOCTH, HO M C YITIEPOAOM B APYIUX ILUIOC-
KOCTSIX TOJTyOECKOHEYHOro KpHCTawia TpaduTa. Buio mokasaHo, 4To BKJIAJX B SHEPIHIO
B3aUMOJICHCTBUS  a7COPOMPOBAHHOTO YIiepoAa C MepBbIM Tpad)eHOBBIM ciloeM rpadura
cocraBisier okoao 90% ot obieit sHeprum B3aUMOJCHCTBHS C MONYOECKOHEUHbIM KpH-
cTautoM rpadura.

CreioBaTeNIbHO, M3 SKCIIEPHUMEHTAIBHBIX AAHHBIX 0 TEIUIOTaM aJCOPOLHH COeNIHE-
HUH Ha rpaUTHPOBAHHON Ca)Xke MOXKHO OLCHHUTH TEIUIOTHI aAcOpPOIUH COCAMHEHHH Ha
JIBYMEPHOM KpHucTajuie rpadeHa, KoTopble OyayT coCTaBisTh 0koso 90% OT TEIIOTH aj-
copOLK COOTBETCTBYIOLIMX COCAMHEHUI Ha rpaUTHPOBAHHOW Caxe.

B sureparype UMeEIOTCsl GOJIBIIOE YHCIO JaHHBIX MO TEIUIoTaM aacopOIuu Ha rpadu-
TUPOBAHHOM Caxke, MOJYYECHHBIX KaJOPHUMETPUUECKUM, XPOMATOTpaUIeCKUM METOAAMH, a
TAKOKe C IIOMOIIBIO CTATUYECKUX U3MEPEHUH aacopOLuK NpH pasHbIX Temmneparypax. Ilo-
9TOMY 3TH JIAHHBIE MOXHO HCIOJIB30BATh JUISl OLICHKU TEPMOJIMHAMHUYECKUX XapaKTEPUCTUK
a/IcCOpOLIMHU STHX COSIMHEHHI MTPU MaJIbIX 3aIllOJIHEHUSX Ha TpadeHe.

Hcnone3ys cBsi3b u3MeHeHUs! qupGepeHHanbHOi BHYTPEHHEH SHEPIUH U KOHCTaHTbI
aJICOPOLIMOHHOr0 B3aUMOJICHCTBHSI COSAMHEHHSI ITPU 3aIaHHON TeMIIepaType, MOXKHO pac-
CUHUTATh JUISl Pa3MYHBIX COSAUHEHHH YAep)KUBaeMble 00bEMbI Ha IOBEPXHOCTH rpadeHa.

OmnpeznenuB BKIAAbl PA3IMYHbIX (YHKIHOHAIBHBIX IPYII B TEIUIOTY aJCOPOLUH U KOH-
CTaHTy aJCOpPOIIMOHHOTO B3aHMOJACHCTBHS COSTUHCHUI, U3 UMEIOIIUXCS IKCIIEPUMEHTAIb-
HBIX JIAHHBIX MO aAcOpOLMM BELIECTB HA rpadUTUPOBAHHOM TEPMHYECKOI caxe, MOXKHO
paccuuTarh TEIUIOTHI aJCOPOLMH U KOHCTAHTY aJCOPOLIMOHHOTO B3aUMOAEHCTBUS OrpOM-
HOTO YHMCJIa COSIMHCHUI Ha MOBEPXHOCTH rpadeHa. J{jisi HEKOTOPBIX YIJIEBOAOPOIOB U He-
KOTOPBIX MX MPOU3BOAHBIX OBLIM OLEHEHBI TEPMOANHAMUYECKUE XaPAKTEPUCTUKH aacopO-
M Ha rpadeHe.
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ESTIMATION OF THERMODYNAMIC CHARACTERISTICS OF ADSORPTION
OF HYDROCARBONS AND THEIR DERIVATIVES ON GRAPHENE

V.Ya. Davydov, E.V. Kalashnikova
Department of Chemistry, M.V.Lomonosov Moscow State University,
119992 Moscow, Russia, e-mail: VYaDavydov@phys.chem.msu.ru

Graphene prepared by exfoliating of layers from graphite [1] is a two-dimensional
crystals having unique electronic properties which can be fined application in nanotechno-
logical devises. Graphene having very large specific surface area 2630 m %/g  [2] can be
interested as adsorbent with uniform surface.

At present there are no methods of preparation of graphene in large quantities for the
investigation of adsorption properties of graphene sheets. Adsorption properties of gra-
phene can be evaluated from numerous data on investigation adsorption properties of gra-
phitized carbon black with uniform surface.

In [3] the potential energy functions for interactions not only between a carbon atom
and monolayer graphite sheet , but also between a carbon atom and a semi-infinite graphite
crystal were computed . It was shown that the contribution in energy interaction of ad-
sorbed carbon atom with monolayer graphite sheet is about 90 % of energy interaction
with a semi-infinite graphite crystal.

So from the experimental data on heats of compounds adsorption on graphitized carbon
black (graphite) it is possible to estimate the heats of adsorption of different organic com-
pounds at small coverage on graphene sheets which will be about 90% of heat of corres-
ponding compounds adsorption on graphitized carbon black.

In literature there are a grate number of data on heats of adsorbtion on graphitized car-
bon black received by calorimetric , chromatographic methods and also by static method
of measurement of adsorption at different temperatures. So these data it is possible to use
for the estimation of thermodynamic characteristic of adsorption of these compounds at
small coverage’s on graphene.

Using the correlation between the changes of differential internal energy and constant
of adsorption interaction of compounds at given temperature it is possible to calculate for
different compounds the retention volumes on graphene surface.

The contributions of different functional groups to the heats of adsorption and Henry
constants were evaluated from the calculated data on heats of adsorption at small coverage
and retention volumes ( adsorption equilibrium constant) of organic compounds with dif-
ferent functional groups on graphene. It is possible to calculate the thermodynamic charac-
teristics of adsorption for the great numbers of organic compounds on graphene by using
these contributions.

For some hydrocarbons and some their derivatives the thermodynamic characteristic of
adsorbtion on graphene were estimated.
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INSIGHT INTO ACTIVATED CARBON STRUCTURE AT A NANO-SCALE LEVEL
USING HRTEM IMAGE ANALYSIS AND ADSORPTION METHODS

S.V. Mikhalovsky®, V.M. Gun’ko®, O.P. Kozynchenko®, S.R. Tennison®
“School of Pharmacy & Biomolecular Sciences, University of Brighton, Brighton, BN2 4GJ,
UK
 Chuiko Institute of Surface Chemistry, 17 General Naumov Street, 03164 Kiev, Ukraine
“MAST Carbon International Ltd., Henley Park, Guildford, Surrey, GU3 2AF, UK

Detailed analysis of pores at half-width x < 1 nm (nanopores) of carbonisate (prepared
using small porous phenol formaldehyde resin beads) and a CO, activated carbon, AC (50%
burn-off) has been performed on the basis of high-resolution transmission electron microsco-
py (HRTEM) image analysis and nitrogen adsorption data analysed using several density
functional theory (DFT) methods. The results of quenched solid (QSDFT) and nonlocal
(NLDFT) DFT are in agreement with the pore size distributions of nanopores based on the
HRTEM image analysis (Fig. 1a). An increase in the burn-off degree from 0 % (Sger = 550
m*/g) to 86 % (~3500 m?/g) in a series of ACs (Fig. 1b) leads to enhancement of the deviation
of the pore shape from the used pore models of slitshaped or slit/cylindrical (SC) pores or SC
plus voids between nanoparticles.
C-50
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Fig. 1. (a) HRTEM image and pore size distributions, PSD of AC C-50 at 50% burn-off, and
(b) PSDs of a series of ACs at the burn-off degree from 0 to 86%.

A self-consisting regularisation procedure has been developed to analyse contributions of
pores of different shapes to the total porosity of ACs depending on their burn-off degree (p).
A relative contribution of slit-shaped narrow pores at x < 2 nm increases from 0.59 (§ = 0) to
0.77 (B = 65%) but then decreases to 0.53 ( = 86%) with increasing burn-off degree. Similar-
ly to this nonlinear effect, the TG/DTA data and Raman spectra show nonlinear changes in
the AC characteristics with increasing burn-off degree.
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COMPARATIVE ANALYSIS OF POROUS STRUCTURE OF
CARBONACEOUS ADSORBENTS
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2028, Republic of Moldova (e-mail: nastasraisa@yahoo.com)

Several different approaches of analysis of porous structure of adsorbents are available.
While no single treatment is applicable to all situations, enough flexibility is provided for the
user to select for analysis most suitable approach for a given situation. Classical macroscopic
theories, like for instance the Dubinin-Radushkevich approach [1] (applied for characteriza-
tion of microporous adsorbents) and the BJH method [2] (applied for characterization of me-
soporous adsorbents), were compared for the description of the porous structure of adsorbents
(Table). Treatment as the Density Functional Theory (DFT) provides a much more accurate
approach for pore size analysis, being largely applied to the characterization of micro- and
mesoporous carbons [3]. Carbonaceous adsorbents from different vegetal raw materials (Ta-
ble) were obtained by chemical method of activation with phosphoric acid (CAPr-1, CAN-7
and CAS-4) and by physicochemical method of activation with ammonia (CAP-7) or sulphur-
ous anhydride (CAP-8) [4, 5]. Parameters of porous structure, pore size distribution and sorp-
tion characteristics of studied adsorbents were established from nitrogen (77K) adsorption
isotherms using Micromeritics ASAP 2010 Sorptometer.

Table Parameters of porous structure of carbonaceous adsorbents.

Vmeso Vmeso Vmi Vmi Vmi Tmi I'mi Tmeso
cm’/g cm’/g cm’/g cm’/g cm’/g nm nm nm
Methods
Samples
BJH DFT BJH DR DFT DR DFT DFT
CAPr-1

plum stones 0,234 0,244 0,338 0,319 0,228 1,80 1,22 2,02
CAN-7
nut shells 0,313 0,325 0,421 0,405 0,277 2,12 1,27 2,06
CAS-4
grape seeds 0,057 0,027 0,021 0,024 0,014 3,25 1,47 2,17
CAP-7
peach stones 0,141 0,1 0,434 0,441 0,357 1,08 1,02 1,23
CAP-8
peach stones 0,168 0,128 0,413 0,445 0,34 0,97 0,91 1,28
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KBAHTOBBIE D®®PEKTbBI AJCOPBIIUMU BOJAHOI'O ITAPA

B.I'. Aprémos, I1.0. Kanpanos, A.A. Jleckun, B.U. Tuxonos, A.A. Boixos
Hnemumym obweii ghusuxu um. A.M. IIpoxoposa PAH, 119991, Mocksa, yn. Basunosa, 38
vartemov@bk.ru

I'eoMeTpust MOJIEKYIIBI BO/IBI OOECIIEYMBACT €il OOraThlii BpallaTeabHbIN CIEKTP SHEPTHid, KO-
TOpPBIH B COYETAHUM C OOJIBIIMM JHUIIONBHBIM MOMEHTOM U HAJIWYHEM CIIMHOBOH M30MepHH,
JTaeT CIIOXKHBIE 3((EKTH B3aNMOJICHCTBHS €€ C TOBEPXHOCTHIO a7icOpOeHTa.

B noknane coofmaercs o pe3ysbraTaX 9KCIEPUMEHTOB, 110 U3YYECHHIO KHHETUKH aacopOLUH
1 1uddy3un MONEKyIJ BOABI, HANIPABJICHHBIX HA BbISABICHHE (DYHIAMEHTAJIbHBIX 3aKOHOMEp-
HOCTEH B3aUMOJIEHCTBUS UX C aJICOPOCHTaMH Pa3InYHON NpUposl. [IpuBOAATCS pe3ynbTaThl
nU3MepeHusi copOLMH BOJSHOTO Iapa B PA3jIMYHBIX KUAKUX M TBEPAbIX aJIcOpOCHTaxX MHpH
KOMHATHOW TeMIlepaType: HAaHOIOPUCTBHIX IOJMMEPHBIX aJCcOpOEHTaX M HOHHOOOMEHHBIX
CMOJIaX, MUKPOIIOPHUCTBIX YIIISIX, HEMOPHCTHIOM SiO,, Fe0JOTHUECKUX MaTepuaiax, IIHIepu-
He, arperaTax HaHOoaJIMa30B.

V3mepeHust BBINOJHEHBI HA CHELUAIM3UPOBAHHON YCTAaHOBKE, OCHALIEHHOW JHOIHO-
JIa3epHBIM CIIEKTPOMETPOM, PETUCTPHPYIOIINM HapIHaIbHOE JaBICHUE Iapa, KOHTAaKTHPYIO-
LIero ¢ aJicOpOeHTOM, B peaibHOM BPEMEHH CO CKOpOCThio 10 100 ¢'s LIUPOKOM OKHE KOH-
nentpaus-spems (0.1 - 5000 Ila, 0.01 - 10000 ¢) B AByX Tumax skcrnepuMeHTOB. IlepBblii
COCTOUT B PETHCTPALIMU CHIDKCHHS KOHIICHTPALMU B J03UPYIOIIEeM 00beMe B Pe3ysbTaTe Iie-
pexoa MOJIEKYJI BOJbI M3 Ta30BOi (a3bl B aacopOeHT. BTopoii - B U3MEpeHHH BBIXOJHOI
KPHBOI1 BOJSIHOTO ITapa nocje NpoxoxaeHus uepes cpery. Oba SIKCIIepuMEeHTa NPECTaBISIOT
OOJIBIIION MHTEPEC B CBSI3H C PACIIPOCTPAHEHHOCTHIO TAKHX SIBJIICHUH B IPUPOJIE.
O6cyxnaercst ocodast poib dpdekra Illtapka [1] B COpOLMOHHBIX MPOIIECCaX CUCTEMBI ras-
aJIcopOeHT, Tie B CHIIy MUKPO- U HaHOIIOPUCTONH '€OMETPHH CO3IAI0TCS YCIOBHS ISl IOHU-
JKeHHsl MJIM TIOBBIIICHUS Oapbepa aKTUBALMU aJCOPOLUM 3a CUET B3aUMOJCHCTBHS C IPHIIO-
BEPXHOCTHBIM HEOIHOPOJHBIM 3JIEKTPHUYECKUM I10JeM. YUET 3TOro SIBJICHUS B COUYETAHHH C
YHHUKaJIbHOW METOAWKOW HM3MEpEHHH IO03BOJMI HAOII0JaTh HECKOJIbKO HOBBIX 3((heKTOB,
MPOSIBIISIFOLIMXCST B 3aBUCUMOCTH aJCOPOLIMOHHOI CIIOCOOHOCTH MOJIEKYJ BOIBI OT Bpallia-
TEJIbHBIX M CIIMHOBBIX COCTOSIHUM:

1) AHOMaNbHbIE KPUBBIC PEllaKCcallii KOHICHTPALMU BOISHOTO Iapa IpH aIcopOLHH, MPOsB-
JISIOIIME aHOMAJIBHO BBICOKYIO TIOJIBHXKHOCTH MOJIEKYJ B aJIcOPOEHTE B 00NIACTH MaJIbIX Bpe-
MeH [2]. 2) AHOMaJIBHO OBICTPOE MPOXOXKJICHUE MOJIEKYJ BOJBI Yepe3 MOPUCTO- TPAHYJIHUPO-
BaHHBINA afcopOeHT [3]. 3) Cmemenne HOpMaIbHOTO 3:1 CIIMH-M30MEPHOTO OPTO-TIapa OTHO-
LICHUsI B ITapax BOJbI pH ancopounu [4].
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QUANTUM EFFECTS OF WATER VAPOR ADSORPTION

V.G. Artemov, P.O. Kapralov, A.A. Leskin, V.I. Tikhonov, A.A. Volkov
A.M. Prokhorov General Physics Institute of RAS, Moscow 119991, Vavilov str., 38
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Water molecule due to geometry has a rich rotational energy spectrum, which gives, in com-
bination with large dipole moment and presence of spin isomers, complex effects of its inte-
raction with adsorbent surface.

The report includes experimental results of water molecules adsorption kinetics and diffusion,
which is aimed to identify the fundamental laws of its interaction with adsorbents of different
nature. The results of water vapor sorption on various liquid and solid adsorbents at room
temperature are presented: nanoporous polymeric adsorbents and ion exchange resins, micro-
porous carbons, nonporous SiO,, geological materials, glycerin, nanodiamond aggregates.
Measurements were performed on a dedicated unit equipped with diode-laser spectrometer.
The later allows to measure partial water pressure in real time with speed up to 100 s in wide
concentration-time window (0.1 - 5000 Pa, and 0.01 - 10000 s) in two types of experiments.
The first experiment consists in registration of concentration reduction in dosing volume due
to transition of water molecules from the gas phase to the adsorbent. The second in measure-
ment of water vapor output curve after passing through a medium. Both experiments are of
great interest due to the occurrence of such phenomena in nature.

The special role of Stark effect [1] in gas-adsorbent sorption processes is discussed. The ef-
fect arises due to micro-and nanoporous geometry, where molecules interact with the near-
surface non-uniform electric field and adsorption activation barrier can decrease or increase
depending on rotational states. This phenomenon parallel with unique measurement technique
allowed observe several new effects of adsorbability dependence of water molecules on rota-
tional and spin states:

1) Anomalous relaxation curves of water vapor concentration during adsorption consist in ab-
normally high mobility of molecules in adsorbent on short-times [2]. 2) Abnormally fast pas-
sage of water molecules through a porous-granular adsorbent [3]. 3) Deviation of the normal
3:1 spin-isomeric ortho-para ratio in water vapor during adsorption [4].
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YacTtuipl 01aropoHbIX METAJUIOB, MIMMOOHIN30BAaHHBIE HA OKCHUIHBIX HOCHTEISX, SB-
10T 3G (GEKTUBHBIMU KaTaau3aTOPaMH BAXKHBIX TEXHOJIOTHMYECKHX IPOLIECCOB CEIEKTHB-
HOT'O T'MAPHUPOBAHMUS HEMPEACNBHBIX YIIIeBOAOPOOB. i u3yueHust aacopOLUK ¥ aKTHBALUK
MOJIEKYJI Ha MOBEPXHOCTH MeTajlla 4acTo MPUMEHSIOT KBAHTOBO-XUMHUUECKMH pacuer. Tak
IPY MOJEIIMPOBAHUHU aICOPOLMH YIJIEBOLOPOJIOB Ha KJIacTepax 30J0Ta ObUIO MOKA3aHO, YTO
CTEIeHb aKTHBAIMK YIJIEBOAOPO/A 3aBUCUT OT CTPOSHUS U 3apsaa kiacrepa. s kiacTepoB
cepeOpa Takoe UcCie0BaHNE POBEICHO He OBLIO.

Lenbio paboThI ABISIOCH U3YyYEHHE B3aUMOJCHCTBHS YIJIEBOAOPOAOB (ITaH, 3THIIEH,
alleTHIICH, TeKCaH, T'eKCEeH, FeKCHH, OCH30J, IMKIOTeKCaH, UKIOIeKCeH) ¢ HEeHTPaIbHBIM U
3apsHKCHHBIM KilacTepamu cepedpa Agip MeToqoM (YHKIHOHANA IJIOTHOCTH ¢ (pyHKIMOHA-
oM PBE, s yuera penstuBuctckux 3¢dexros npumensiica ncesponoreHuuan SBK. DH-
Tanbnunio agcopoimu (Hay) yriieBonopoaa Ha KiacTepe Onpeaesisuli Kak pa3HUIy B CyMMap-
HOM dHepruu u3onupoBaHHbIX Agio u CHy 1 oHeprun komIuiekca yrieBonopoa-Agio ¢ yde-
TOM TEMIEPaTypPHOI IOMPaBKH, PACCUMTAHHBIX METOJAMHU CTATUCTUUECKON TEPMOJHMHAMUKH.
OnTuMH3UpOBaHHAs CTPYKTypa Agjo MpUBEACHA
Ha pucyHke. Cpey BceX KIacTepoB, COAEPIKAIIUX
10 aToMOB, HOTy4eHHAs! CTPYKTYpa SBIACTCS Hau-
Oonee ycroitunBoit. B coctaB kimactepa BXOIUT
TPM HEDKBHBAJICHTHBIX THIIA aTOMOB cepebpa.
Pacuer sHeprum KOMILIEKCOB 3TOro Kjacrepa ¢
yrineBopopojaamu, B kotopsix CyHy koopaunupo-
BaH 110 pa3nuyHbM atoMam Ne 1, 2 wim 3, nokasail,
4TO HauboIee aKTUBHBIMU aJCOPOLIMOHHBIMH IICH-
TpamMu KjacTepa SBISIIOTCS Hauboliee KOOpAMHA-
LIMOHHO-HCHACHIILICHHBIE aTOMBI cepebpa Ne 2.
Paccuntannass H,; (Kkaia/Moib) paccCMOTPEHHBIX
YIJIEBOJOPOJOB Ha HEUTpaIbHOM Ag|o BO3pacTaeT B psIy:

CyHg (2) < CeHi4 (3) < mmknorekcan (4) < C¢Hg (7) < CoH; (9) < C¢Hg (10) = = C,Hy = CeHyo
(11) < C¢Hj2 (12, xxan/mons).

YCTaHOBIIEHO, YTO MOJNOXKUTENbHBIH 3apsaa (+1) Ki1acTepa NPUBOAUT K YBEIMYEHUIO SH-

Tanbnuu aacopbuuu B 2-3 pasa.

Pabora BeimonHeHa npu QguHaHcoBol nojuepxkke rpantoB PODU 10-03-00999 u 11-
03-01011.
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QUANTUM-CHEMICAL SIMULATION OF HYDROCARBONS ADSORPTION ON
SILVER CLUSTERS

Nguen Van, D.A. Pichugina, A.E. Vinogradov, S.N. Lanin
MSU named after M.V. Lomonosov, Department of chemistry, Moscow, Russia
SNLanin@phys.chem.msu.ru

The particles of noble metals immobilized on oxide supports are effective catalysts of
important technological processes of selective hydrogenation of unsaturated hydrocarbons.
Quantum-chemical calculation is frequently used to study adsorption and activation of mole-
cules on the metal surface. Thus simulation of adsorption of hydrocarbons on gold clusters
has shown that the hydrocarbons activation depends on the cluster’s structure and charge.
Similar investigation has not been performed yet for silver clusters.

The aim of the work was to study interaction between hydrocarbons (ethane, ethylene,
acetylene, hexane, hexene, hexyne, benzene, cyclohexane, cyclohexene) with neutral and
charged silver clusters Agjo by density functional method with PBE functional, to take into
account the relativistic effects pseudopotential SBK was used. Enthalpy of adsorption (Haq) of
the hydrocarbon on the cluster was determined as the difference in total energy of isolated
Agio and CyHy and the energy of the complex hydrocarbon-Ag, taking into account tempera-
ture correction, calculated by statistical thermodynamics methods.

Optimized structure Agjois shown on the picture.
Among all clusters containing 10 atoms the ob-
tained structure is the most stable. Three inequiva-
lent types of silver atoms are the constituents of
the cluster. Energy calculation of the complexes
formed by cluster and hydrocarbons with different
coordination by atoms Ne 1, 2 or 3, has shown that
the most coordinately-unsaturated silver atoms Ne
2 are the most active adsorption sites. The calcu-
lated value Hyqg (kcal/mol) of the analyzed hydro-
carbons on the neutral Ag)increases in the row:
CyHg (2) < C6Hi4 (3) < cyclohexane (4) < C¢Hg (7)
< Csz (9) < C6H8 (10) R C2H4 ~ C6H10 (1 1) < C5H12 (12, kcal/mol).

It was found the adsorption enthalpy increase by 2-3 times in the case of Agjo" cluster.

The work was supported by grants RFBR 10-03-00999 and 11-03-01011.
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OBIIME 3AKOHOMEPHOCTH NTPOUECCOB AJCOPBIIMH HA TBEP/IbIX U
KUJIKUX ITIOBEPXHOCTAX

A.A. ©énoposa, H.1O. lllaponos, M.B. Yiurun
@I'BOY BIIO Hsanosckuii 20cy0apcmeeHHblil XUMUKO-MEXHOL02UYEeCKULL YHUBEPCU-
mem, e-mail: physchem@jisuct.ru

®dopMHUpOBaHUE MOBEPXHOCTHBIX CIOEB HAa MexX(a3HOIH MOBEPXHOCTH O0YCIOBIMBACTCS COJIb-
BaTALMOHHBIMH B3aUMO/ICHCTBUSAMH PAaCTBOPEHHBIX BEIICCTB C KOMIOHEHTAMH PacTBOpa B €ro o0be-
M€ U TIOBEPXHOCTHOM cioe. L{enb paboThl cocTosIa B M3y4eHUH 0COOCHHOCTEH TpoueccoB GopMHupo-
BaHUsI TOBEPXHOCTHBIX CJIOEB Ha IpaHHI@xX pasjeia (a3 *KUIKOCTH/Ta3 M TBEPIOE TEIO/)KUIKOCTb.
IMocraBneHHas 3a/1aua pelagach Ha OCHOBAaHMHU PE3yJIbTAaTOB MCCIIEOBAHUIT aicOpOIK HeopraHuye-
ckuX I, I — 3IeKTpOINTOB M3 BOJHBIX U HEBOAHBIX PACTBOPOB U OPraHWYECKUX COCAMHCHUM Ha KaTa-
JIM3aTOPaxX THIPOTCHU3ALMH.

C ucnonb3oBaHueM MeTo10B PeGrHepa 1 kanuusipHoro noaHstus npu 303 K monydeHs! u3o-
TEpMbI IIOBEPXHOCTHOTO HaTsbkeHUs BogHbIX pacTtBopo HCI, NaCl, KC1 u BogHO-cIIMPTOBBIX PacTBO-
poB HCI, NaCl u agcopOunoHHO-KaTOPUMETPHIECKOTO METOAA — H30TEPMBI aACOPOIIMU U 3aBHCHMO-
CTH TEIUIOT a/ICOPOLMK CTHPOJIa, alleTOHa U MalieaTa HaTpHs Ha cKeJdeTHOM Ni U3 pacTBOPOB B YCIIO-
BUSIX PEAKIMH XKUIKO(DA3HOM THAPOreHU3ALMH.

TlonyueHHbIC M30TEPMBI TOBEPXHOCTHOTO HATSHKEHMSI M M30BITOYHOM aICOPOLINH AIEKTPOIUTOB
MOJMAKCTPEMAIbHBI. B pa30aBiIeHHBIX pPAcTBOPax O3JEKTPOJHUTHI BEAyT ceOs Kak MOBEPXHOCTHO-
AKTUBHBIE, TAK U IIOBEPXHOCTHO-MHAKTHBHbIC BELIECTBA, @ OCHOBHBIC M3MEHEHHs B (HOPMHUPOBAHUH
MOBEPXHOCTHBIX CJIOEB B pacTBopax I, | —3JeKTpOInTOB MPOUCXOAAT B 00JIACTH HU3KUX KOHLCHTpA-
LU,

B pamKax mpeanoXKeHHbIX MOJeNeil aIcopOLny IEKTPOINTOB PACCUUTAHbI M30TEPMBI MOJITHON
aJICOPOIIMH, U30CTEPUUECKIE TEIUIOTHl U SHTpOIHHU ancopOuun. C pocToM TeMIeparypbl BEIHYHHBI
aJICOPOLMK XJIOPUJIOB U3 BOJbI B MOBEPXHOCTHOM CJIO€ BO3PACTAalOT, a NPU HEPeXoie K BOJIHO-
OpPraHMYeCKUM pacTBOpaM CHUKaroTcs. Ha n3orepmax noiHoi agcopOLuun UMEeTcsi MaKCHMYM, 3aBHU-
CHMOCTH M30CTEPUUYECKHUX TEIUIOT U SHTPONHUI aIcOPOLUH OT KOHIIEHTPALMU SJIEKTPOJIUTA B BOAHOM
pacTBOpe MOJIUIKCTPEMANBHBI.

C pocToM CcozieprKaHus 3TAHONA B PaCTBOPE HAOIIOIAeTCs IIepexo K 0ojiee MOHOTOHHBIM KpH-
BbIM. Takoe moBeJeHHE BEIMYMH TEPMOAMHAMHYECKUX XapaKTEPUCTHK aJCOPOLUH C yBEIHYCHHEM
KOHIIEHTPALIUK JIEKTPOJIMTA M 3TaHOJIA B PACTBOPE 00YCIIaBIMBACTCS CObBaTalMeil B 00beMHOM (ase.
Tloka3aHo, YTO XapakTep M3MEHEHHMIl TEIIOT PACTBOPEHUS SJIEKTPOJIUTOB C POCTOM KOHLEHTPALUH
PACTBOPEHHOI'0 BELIECTBA MJIM COAEPIKAHMS CIIUPTa B PacTBOPE KaYECTBEHHO COIJIACYETCS C U30Tep-
MaMH MMOBEPXHOCTHOI'O HATSKCHHS.

H30TepMbl a1IcOpOLIMH OPraHWYECKUX COSIMHEHUH Ha cKeleTHOM Ni U3 pacTBOPOB OTHOCSTCS K
3L- u 4L—tunam no knaccuukauuu ['uibca. JluarpaMmMpl COCTOSHUS TOBEPXHOCTHBIX CIIOEB CKEJIET-
Horo Ni npu ancopOLuy OPraHMYECKUX COCAMHCHHUI MMEIOT XapaKTEpHbIC YYaCTKU, COOTBETCTBYIO-
IMe U3MEHEHUIO COCTOSHHUS TOBEPXHOCTHOrO cinos. IIokasaHo, uTo 3aBHCHMMOCTH U epeHIualb-
HBIX TEIUIOT aACOPOLMU MalieaTa HaTPHs, CTUPOJIA U alleTOHA OT KOHIEHTPALMU UMEIOT MAaKCUMYMBI.
JIBymepHbIe (a3oBbIe MEPexoibl 1 MAaKCUMYMBbI TEIUIOT aJICOPOINH OTBEYAIOT OJJHOW M TOM ke BEJH-
4YUHE aJCOpOLUH, YTO MOXET OBbITh OOBSCHEHO M3MEHEHHMEM COCTaBa M CTPOCHHUS IOBEPXHOCTHBIX
cinoeB ckenetHoro Ni. OTHeceHHe 3THX 3KCTPEMYyMOB K OCOOCHHOCTSIM COJIbBATAL[MOHHBIX B3aHMO-
JIeHCTBHIT COTIacyeTCst C SHEPTHAMHU COJIBBATALIMU STUX KIACCOB COCAMHEHUI C PaCTBOPUTEIISIMH.

Pe3ynbTaThl MCCIEI0BaHUIT POIIECCOB aACOPOLIMU MO3BOJISIOT YTBEP)KAATh, YTO B CIydae aji-
copOLKK Ha IPAHUIE JKHIKOCTH/Ta3 MPOUCXOIHUT BBITECHEHHE MOJIEKYJI PACTBOPHUTENS M3 HOBEPXHO-
CTHOTO CJI0Sl COJIbBATMPOBAHHBIMH MOHAMHM JICKTPOJIUTA, a B CIIydae aJCoOpOLMU HA MEPEXOAHbBIX Me-
TaJulax — M3MEHEHHE CObBATHPOBAHHOTO COCTOSIHUS.

TIponecchl hopMHUPOBaHHUS MOBEPXHOCTHBIX CIIOEB HAa MPAHMIAX pa3Jiena KHIKOCTh/Ta3 U TBEp-
JIOS/KUAKOCTh MMEIOT OJHOTHUITHBIC 3aKOHOMEPHOCTH, OOYCIOBJICHHBIC JIMIIb COJbBATALIMOHHBIMHU
B3aHMOJICUCTBUSIMHU, KaK B 00bEMHOM (ha3e, Tak U MOBEPXHOCTHOM CJIO€.
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THE COMMON REGULARITIES OF ADSORPTION PROCESSES AT SOLID AND
LIQUID SURFACES

A.A. Fedorova, N.Yu. Sharonov, M.V. Ulitin
Ivanovo State University of Chemistry and Technology, E-mail physchem@isuct.ru

The surface layers formation at interfaces is stipulated by solutes solvatation interac-
tions with solutions components in bulk phase and in surface layers. Therefore the aim of the
present work was to study the peculiarities of surface layers formation processes at the liquid
/gas and solid/liquid interfaces. That aim is resolved on basis of investigation results of I, I-
electrolytes adsorption from aqueous and nonaqueous solutions and organic compounds ad-
sorption at the hydrogenation catalyst.

By using of Rebinder's and capillary rise methods at 30°C the surface tensions iso-
therms of hydrogen, sodium and potassium chlorides aqueous solutions and ethanol-water so-
lutions of hydrogen and sodium chlorides have been obtained. And by using of adsorption-
calorimetric method the adsorption isotherms and the adsorption heats of sterol, acetone and
sodium maleate at the skeleton nickel from solutions have been obtained under condition of
liquid phase catalytic hydrogenation reactions.

It was found that surface tension and Gibbs adsorption isotherms of electrolytes have
polyextremes character. In dilute solutions electrolyte shows surface-activity and surface-
inactivity properties, and basis changes in surface layers formation in I, I-electrolytes solu-
tions is occurred in the low concentrations area (over ~ 0.7 mol/kg).

The values of the full adsorption, dissolved substances heats and the entropies have
been calculated within the limits of the developed ions adsorption models. It was establish,
that adsorption values of chlorides in surface layer are increased with temperature, and ones
are decreased with transfer to water-organic solvents. The isotherms of full adsorptions have
a maximum and the dependencies of isosteric heats and adsorption entropies from electrolyte
concentrations in water solutions have a polyexreme character.

With increasing of ethanol mole fraction in solution the transfer to more monotonous
curves is observed. Such behavior the values of adsorption thermodynamic characteristic with
increasing of ethanol concentration in solution are determined by solvatation interactions in
bulk phase. It is shown that the character of dissolving enthalpies changes with solutes con-
centration or ethanol content rise in solutions are accorded qualitatively with surface tension
isotherms.

The adsorption isotherms of organic compounds on skeleton nickel from solutions are
related to 3L— and 4L —types by Gibbs classification. The two-dimensional diagrams of sur-
face layers state of skeleton nickel at the organic compounds adsorption have a typical parts,
which is related to changing of surface layer state. It is shown that dependencies of differen-
tial heats of sodium maleate, sterol and acetone adsorption from concentration have max-
imums. Second-order phase transitions and maximums of adsorption heats answer to the same
values of adsorption, which may be explain by changing of composition and structure of ske-
leton nickel surface layers. Assignment these extremes to the features of solvatation interac-
tions are adjusted with solvatation energies of this class compounds with solvents.

The investigation results of adsorption processes allow to asserting that in the case of
adsorption at the liquid/gas interface the displacement of solvent molecules from surface layer
by solvated electrolyte molecules is occurred, but in the case of adsorption at the transitional
metals surface solvated state is changed. The processes of adsorption layers formation at the
liquid /gas and solid/liquid interfaces have one-type regularities, which are stipulated by sol-
vatation interaction only, both in bulk phase and in surface layer.
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Pa3paboTaHO MaTeMaTHYECKOE ONUCAHHE CHCTEM BBITCCHUTEIEHONW KOMILIEKCOOOpa3o-
BatenbHOI xpomarorpaduu (BKX), mpencrasnsiormiee co60ii COBOKYITHOCTh MATEMATHYECKUX

MOJIEJTUPOBAHHUE CUCTEM BBITECHUTEJbHOM

KOMIIVIEKCOOBPA3OBATEJIb

HOM XPOMATOI PAGHUHA

0O.B. Xapuronos, JI.A. ®upcosa, E.A. Koznutua

Huemumym pusuueckou xumuu u snexmpoxumuu um. A.H. @pymxuna PAH

Jlenunckuii npocnexkm, 31, kop.4, Mockea, 119991
E-mail: Lubovfirsova@mail.ru

MOJIEJIeH CTAIHOHAPHOTO COCTOSIHUS KajKI0H U3 0Opa3yIOIIMXCS 30H:

Cucrema KX i1s1 ucciieioBaHus

CTaHT

Temmnepatyp-
Hasi KOPPEKIUs
MaccuBa KOH-

.

Pacuyet cocraBa anroenta

.

IIpemnaraemoe MaTemMaTHueckoe IpPEACTaBIsieT cO0O0I CHCTEMbl HEJIMHEHHBIX ypaBHe-
nuii (CHY), Bkirowaromye ypaBHEHHS MaTepHalbHOrO OaliaHca, SJIEKTPOHEHTPaIbHOCTH,
ypaBHEHUs] (YHKIMOHAIIBHBIX CBsI3eil KOMIUIEKCOOOPa30BaHUs U MOHHOrO oOMeHa. B 6oib-
HIMHCTBE CJIy4YaeB UCIIONb30BAaHUE TPAJUIMOHHBIX MeTonoB pemeHus CHY, Bcnencreue Ha-
KOIUICHHUS OMIMOOK B MTEPALMOHHBIX BBIYUCICHHSX, HE MO3BOJISIET PEIIMTh CHCTEMY HENH-
HEHHBIX ypaBHEeHHUIT Mojenu B o0iieM Buje. CBeleHne CHCTEMbl YPaBHEHHUI MOJICIH K ypaB-
HEHHIO C OJHUM HewmsBecTHbIM THna F(H)=f(M(H),A(H),D(H)...=0, rne H — xoHLeHTpays
HOHOB BOJOPO/Ia, MO3BOJISAET MyTEM HCIIOIB30BAaHUSI KOMOWHAIIMM METO/a TOJOBHHHOTO Jie-
JICHUS ¢ METOJIOM KacaTeJbHBIX COBMECTHO C QJITOPUTMOM OTHENICHHs KOpHeiH obecreuuTth
OBICTPYIO rapaHTUPOBAHHYIO CXOAUMOCTE. [IpHBeieHbI pe3yIbTaThl YHCIEHHBIX 3KCIICPUMEH-
TOB JUISl CHCTEM KOMIUIEKCOHBI-PEKO3EMEbHBIE H TPAHCIUIYTOHUEBBIC AIIEMEHThI-LIBETHBIC

Pacuer 30HBI 2510CHTA

.

OnpeueneHHe PexKHMa SIIOUPOBAHUS

DJIFOTUBHBINA PEXUM

a(0)y. )1

i

BriTecHUTENBHBIN pexXUM

a(O)Me, p(l

Pacuer 30HBI
KOMILTIEKCOHA

CcOpOUPOBaHHOTO

|

|

Beibop  yaepxkuBaro-
IIero HOHA

OnpeneneHHe TIOpsAAKa BEIMBIBaAHUS
OTHOCHUTCJIBHO 30HBI COp6. KOMILJL.

. v

Pacuer 30HBI pa3acisIeEMbIX KOMIIO-

Onpe;leneHI/Ie TIops/iKa BbIMbI-

HCHTOB

METaJlJIbI.
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MODELING OF DISPLACEMENT COMPLEXING
CHROMATOGRAPHIC SYSTEMS

0.V. Kharitonov, L.A. Firsova, E.A. Kozlitin
Frumkin Institute of Physical Chemistry and Electrochemistry RAS
31 Leninsky Prospect, 119991 Moscow, Russia, E-mail: Lubovfirsova@mail.ru

Mathematical description for displacement complexing chromatographic (DCC) sys-
tems has been developed. It consists of the combination of mathematical models for the sta-
tionary state of each formed zone as shown below:

DCC system under study

.

Calculation of the eluent composition 2

Temperature
correction of
the array of l
constants

| Calculation of the eluent zone

l Elution mode
Establishing the eluting conditions a(())M N

|

Displacement mode | Adsorbed complexing
a (0) e (1 agent zone calculation

. .

Retaining ion Detection of the wash-out order in respect
selection of the zone of sorb. component

. .

Calculation of zones for the ele- Establishir}g the Me; wash-out
ments to be separated order relatively to one another

A 4

The proposed mathematical model consists of the non-linear equation system (NES)
comprising the material balance and electroneutrality equations as well as functional relation-
ships for the complex formation and ion exchange.

In the majority of cases the model NES could not be solved in general by the conven-
tional NSE solution methods on account of the accumulation of errors in the iterations. But
the transformation of it into a one variable equation of F(H)=f(M(H),A(H),D(H)...=0 type,
where H denoted the hydrogen ion concentration, followed by the use of a combination of the
golden section and Newton methods in conjunction with the root location algorithm ensured
the fast and guaranteed convergence.

In this paper the results obtained in the numerical experiments for the systems comprising
complexing agents, rare earth elements, transplutonium elements, and non-ferrous metals are
reported.
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MMAPAMETPBI PACIIPE/JIEJIEHU S BEMBYJLIA B IIPOIIECCAX OBBEMHOI'O
3ANOJIHEHUSA HAHOCTPYKTYP TBEPJBIX TEJI

C.®. I'pedbennnxos, P.1. Moparumoa
Cankm-Ilemepbypeckuii 20cyoapcmeentblil yHugepcumen mexHoio2uu u Ou3aindg,
P®, 191186, Canxm-Ilemepoype, ya. borvwas Mopckas, 18
GrebennikovSF@gmail.com

Teopust ob6wvemuoro 3anonHenus mukpornop (TO3M) paccmarpuBaeT COpOLMOHHBIN
TIPOIIECC HE CBSI3AaHHBINA C TOM MM WHOW YTIPOIICHHOU, HICATN3UPOBAHHON MOJETIBIO SIBIICHHH.
Ilo CYLIECTBY O3TO TCPMOAUHAMHYECKas TCOPUs, IPUBJICKAIOLIAsA PAA SMIUPHUICCKHUX COOTHO-
LIEHUH, CBSI3aHHBIX C BEIOOPOM M CBOICTBaMM COPOLIMOHHON CUCTEMbI, OCHOBHBIMHU U3 KOTO-
PBIX SIBISIIOTCS: - XMMHYECKHMH ITOTEHIMAl MUKPOIIOPUCTOTO aacopOeHTa, M3MEHSIOMIUHCS
npH ajgcoporuu (UIIoKHIa, T. €. MUKPOIIOPHCTBIA acOpOEHT TePMOJMHAMUYECKH HE MHEPTEH
npH pU3NUECKON aacopOLHH; - NOBBIIICHHE aJCOPOLMH B MUKPOIIOpax MO CPAaBHEHHUIO C all-
copOuuell Ha HEMOPUCTOM Teje; - TEeMIepaTypHas WHBApPUAHTHOCTh XapaKTEePHUCTHYECKOMH
KPHBOH acOpOLIMHY; - ONMUCAHUE KPUBBIX IUIOTHOCTH BEPOSITHOCTH PACIIPE/Ie/ICH s BEIMUYUHBI
cOpOLUH 110 XUMUYECKOMY TTOTEHIHay copbara ypaBHeHHeM Beiibyia.

b. I1. bepunrom u B. B. CepnuHCKUM MMOKa3aHO, YTO TEPMOJMHAMHYECKas HEMHEPTHOCTD
MHKPOIIOPHUCTOr0 COPOEHTa HEN30EKHO MPUBOAUT K YTBEPXKIECHHUIO, YTO MUKPOIIOPHCTOE TBEPHOE
TEJIO M N-KOMITOHEHTHBIH a7IcCOPOUPYIOLIUIACS (MIIFOU, SBIISIOIIHECs (a3amMu, KOT/ia HX paccMaTpu-
BAIOT B OT/IEJILHOCTH, IIEPECTAIOT OBITH TAKOBBIMU HOCIIE IPOLIecca cOpOLIHH, 00pa3ysi B pe3yJibTaTe
emuHyto (n+1)-komnoHenTHy10 (azy. Crenruyueckas 0cOOEHHOCTb cOpOLMH (IIIOMIA MUKPOIIO-
puCTBIM aacopOeHTOM — 3TO 0bOpa3oBanue oxHodazHoit cuctembl, a TO3M, 1o CyIIeCTBY, OMUCHI-
BaeT COpOLMIO B TaKHX cucTeMax. [109ToMy 3aKOHOMEpPHO pPacHpOCTPaHHUTh OCHOBHBIE Hay4HbIE
koHuemmy TO3M Ha abGcopOiyio mapoB MOJIMMEPHBIMU MaTepHajiaMH, T. K. B 000MX CITydasx
MPOUCXOUT 00BEMHOE 3aNoHEHHE cOpOATOM HAaHOCTPYKTYp TBEPABIX TEJI ¢ 00OPa30BaHUEM T'OMO-
TEHHOI CUCTEMBI.

Ipoananu3upoBaHo BIUSHUE MEXaHU3MA COPOLIMOHHBIX MPOLIECCOB Ha IapaMeTphbl pacipe-
nenennst BeiiOysiia 6e3pa3MepHOil BEMMYHHBI COPOLMK MO Oe3pa3MepHOMY XHMUYECKOMY MOTEH-
Lyay.

Panr pacnipenenenus n > 1 XapakTepu3yeT BbITYKIIbIE H30TEPMbI COPOLIMY NAPOB B MUKPO-
HOPHUCTBIX azcopOenTax. PaHr pacnpeneneHus n < 1 cOOTBETCTBYET 0Opa30BaHHIO TOMOTEHHOIO
COPOLIMOHHOTO PAacTBOPA B HAHOCTPYKTYPaX HU3KOMOJIEKYJIIPHOH CTPYKTyphI nonuMepa. [lokasza-
HbI OTPaHUYEHHs] TEPMUYECKOTO YPaBHEHHS! COPOLIMH, BBITEKAIOLIETO M3 YPaBHEHUs paclpesere-
Hust BeiiOyia.
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WEIBULL DISTRIBUTION PARAMETERS IN VOLUME FILLING OF
NANOSTRUCTURES IN SOLIDS

S.F. Grebennikov and R.I. Ibragimova
Saint-Petersburg State University of Technology and Design
18, st. Bolshaya Morskaya, St.-Petersburg, Russian Federation, 191186
GrebennikovSF@gmail.com

The theory of the volume filling of micropores (TVFM) considers the sorption process
unrelated to any simplified idealized model of the phenomenon. In fact, this is a thermody-
namic theory invoking a number of empirical relations associated with the choice and proper-
ties of the sorption system, the main of which are the following: chemical potential of the mi-
croporous adsorbent varies in adsorption of a fluid, i.e., the microporous adsorbent is not
thermodynamically inert in physical adsorption; the adsorption in micropores is higher than
that on a nonporous body; the characteristic adsorption curve is temperature-invariant; and the
probability density distribution of the amount of sorption over the chemical potential of the
sorbate is described by the Weibull equation.

B.P. Bering and V.V. Serpinskii have shown that the thermodynamic inertness of the
microporous sorbent inevitably leads to the statement that a microporous solid and an n-
component fluid being adsorbed, which are phases when considered separately, cease to be
such after a sorption process, with a common (n+1)-component phase formed as a result. A
specific feature of the sorption of a fluid by a microporous adsorbent is that a single-phase
system is formed and the TVFM in fact describes the sorption in systems of this kind. There-
fore, it is natural to extend the basic scientific concepts of the TVEM to the case of vapor ab-
sorption by polymeric materials, because, in both cases, there occurs volume filling by the
sorbate of nanostructures of solids, with a homogeneous system formed in the process.

The effect of the mechanism of sorption processes on parameters of the Weibull dis-
tribution of the dimensionless amount of sorption over the dimensionless chemical potential is
analyzed.

A distribution rank n > 1 characterizes convex isotherms of vapor sorption in micro-
porous adsorbents. A distribution rank n < 1 corresponds to formation of a homogeneous
sorption solution in nanostructures of the low-molecular structure of the polymer. Limitations
of the thermal sorption equation derived from the Weibull distribution equation are demon-
strated.
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O HEKOTOPBIX ITIYTAX COBEPIHEHCTBOBAHMA TEXHOJIOI'MHA
AKTHUBHBIX YIJIEA

H.®. ®enopos, C.J1. Komocennen
Cankm-Ilemepbypeckuii mexnonocuuecKuil uHcmumym (mexHuvecKuil ynusepcumen)
1980132.Cankm-Ilemepbype Mockosckuii np., 0.26, e-mail: sorbent@lti-gti.ru

TexHoJOrus aKTUBHBIX yIJIeH, BCTYNUBIIAsS BO BTOPOE CTOJETHE CBOErO CYIIECTBOBA-
HHS, IOCTaTOYHO XOPOIIO OTpaboTaHa, W mpoblieMa ee COBEpPIICHCTBOBAHUS MPECTABISICT
HETIPOCTYIO 3a/1auy.

ITo HallE€My MHEHUIO, 3aC/IyKUBAIOT BHUMAaHUS CJIIEAYIOIINE BO3MOXKHbBIC BApUAHTBI:

1. MonepHH3alMsi OTACNBHBIX IepelenoB (CTaauii), a WMMEHHO: H3MellbYeHHE,
(dopMoBaHue, KapOOHHW3alMs M IapOra3oBas AaKTUBALMSA C MCIIOJIb30BaHHEM
JIOCTHIKCHHUH (PU3UKO-XUMHUYECKOM MEXaHUKH H IPYyTHX 00JaCTeil HAyKH U TEXHUKH.

2. W3bICKAaHHE HOBBIX BHJOB CBIPbS M IIPOLIECCOB, OOECICYMBAIOUIMX IOTyYCHHE
AKTUBHBIX YTJICH.

3. Koomepanus C JIPYTHMH TEXHOJOTHSIMH, HCIOJB30BAaHHE ITOOOYHBIX IPOAYKTOB,
SIBJISIOIMXCS BTOPUYHBIMH pECypcaMH, 4TO olecrieynBaeT Ooyee palMOHaIbHOE
UCIIONB30BAaHUE IPUPOJHBIX PECYPCOB.

4. WCHONB30BaHHE pAa3JIMYHBIX, MPEUMYIIECTBEHHO XHMHYECKHX BO3ACHCTBHH, Ha
TOTOBBI Yroiib C LEJIbIO MPUJAHUS €My CHELHU(PUICCKHX CBOWCTB M paCIIMpPEHUS
accopTuMeHTa AY.

Bbul mpoBeieH KOMIUIGKC HCCIIEIOBaHHM, OXBATBHIBAIOIIMX BCE BBILICYKA3aHHbIE Ha-
npapieHus. HauOounblliee BHUMaHHE OBUIO yIEJICHO IIOCIEAOBATEIFHOMY PAaCCMOTPEHHIO
CTauii U3MeNbYeHusl, HOPMOBaHHs, KAPOOHM3AIMU U TAPOra30BOil aKTHBALMH. Y CTAHOBJICHO,
YTO M3MEJIbYCHHE KAMEHHO-YTOJIHOTO ChIPhbsi B BHICOKOHAIPSDKCHHBIX U3MENIBUUTEISIX Yaap-
HOTO AeiCTBUS (I€3MHTErpaTop, CTpylHas MEJIbHHUIA) CYLIECTBEHHO M3MEHSET MMOBEPXHOCT-
HbIE CBOMCTBA UCXOJHBIX MaTEPHANIOB, YTO B KOHEUHOM UTOT€ MOCJIE X KapOOHHM3AIMU U aK-
TUBAIMU MPUBOJIUT K YBEIHYCHHIO 00beMa MHUKPOIIOP U MEXaHHYECKOW MPOYHOCTH  yrIJIe-
POIHBIX COPOSHTOB.

B kadecTBe anbTepHATHBBI SKCTPY3UOHHOMY C110co0y (POPMOBaHUs U OPHUKETHPOBAHHIO
oTpaboTaHa TEXHOJOTHUs M ammaparypHoe o()OpPMIICHHE JKHIKOCTHOTO ()OpMOBaHUsI, Oiaro-
NPHUATHO CKa3bIBAIOIIASCS HA MPOLECC aKTHBALMM, OOecleyrBaroas Jy4lliee pa3BUTHE T0-
PHUCTOCTH U PELIEHHE SKOJIOTHYECKHX POOIeM NPEaPUSITHA.

[MpeioxeH HOBBI BapHaHT MPOBEICHHS apOra30BOM aKTUBALMH, MPEIIIOIaraomnui
OoJiee aKTHBHOE BO3/IeiicTBIE Ha 00pabaThiBacMblli KAPOOHU3AT 3a CUST M3MEHEHUs CBOMCTB
I10/IaBaeMOr'0 Tapa, 4To JOCTHIAeTCsl BBEJICHHEM B BOJY MEPEi €¢ MCTIApEHUEM pasIHIHBIX
XMUMHYECKHX PEareHTOB, NPEUMYIIECTBEHHO HEOPIraHMYECKUX COJICH B KOJIMYECTBAX, HE Ha-
pyILIaOMmKUX 00nacTell PaBHOBECHOTO CYIIECCTBOBAHHS Mapa HAa COOTBETCTBYIOLIMX AUArpaM-
Max COCTOSIHHsI. DTO MO3BOJISIET COKPATHTH MPOJOJKHUTEILHOCTD NPOIECCa aKTHBAIIMK U YBe-
JIMYUTH 00BEM COPOUPYIOIINX OP B TOTOBOM IIPOJYKTE.

[IpennosxeHHbIE pemIeHHs MO3BOJSIOT MOCTAANHHO YCOBEPIIEHCTBOBATh JEHCTBYIOIINE
MPOLIECCHI MOJyYEHHsI aKTHBUPOBAHHBIX YIJIeH C YIIyYIIEHHE KauecTBa IIPOILYKIHH.
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WHY SHOULD PORE SIZE DISTRIBUTIONS OF AN ACTIVATED CARBON
OBTAINED WITH DIFFERENT PROBE MOLECULES BE DIFFERENT?

J.P. Toso', R.H. L(')pezl, D.A. Soares Maia', J.C.A. Oliveira!, V. Cornette', M. Lucena®, C.L.
Cavalcante Jr*., D.C.S. Azevedo® and G. Zgrablich**
WINFAP, Universidad Nacional de San Luis-CONICET, Ej. De los Andes 950, (5700) San
Luis, Argentina Giorgio Zgrablich, E-mail: giorgio.unsl@gmail.com
@ Departamento de Engenharia Quimica, Universidade Federal do Ceard Campus do PICI,
Fortaleza, Brasil

The determination of the Pore Size Distribution (PSD) of activated carbons (AC)
by fitting adsorption measurements with Monte Carlo simulated adsorption isotherms is dis-
cussed, with special emphasis on the problem of the unicity of the PSD when different probe
molecules are used in the adsorption experiments. Experimental and theoretical evidence is
presented, which explains why the PSDs of a given sample obtained by fitting experimental
adsorption isotherms corresponding to different probe molecules should be different. The dis-
ordered nature of the material, presenting different geometries of the micropores, appears as
the main reason for the non-unicity of the PSD when the adsorption isotherm is fitted on the
basis of any model which assumes a fixed geometry, for example the slit geometry model.
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YIJIEPOJHBIE AICOPBEHTBI MOJIU®ULIMPOBAHHBIE
HAHOCTPYKTYPUPOBAHHBIM YT'JIEPOAOM ®YJIVIEPOUJHOI'O TUITIA

B.B. Camonun, M.JI. [Toaesa3uukos, B.}O. Hukonosa
Canxm-Ilemepbypeckuil 20cy0apcmeeHHblll MEXHOL02UYeCKULL UHCIUMYm (MexXHu4ecKuil
ynugepcumem), 190013, Poccus, Cankm-Ilemepoype, Mockosckuii np., 0. 26
Ten../ghakc: (812)315-5114, E-mail: samonin@Iti-gti.ru

B nacrosimei pabore paccMaTpuBaeTCs BO3MOXKHOCTD M IIEPCIICKTUBHOCTD MOIU(HIIH-
POBaHMs YIJIEPOJHBIX AICOPOSHTOB HAHOCTPYKTYPHPOBAHHBIM YriieposoM (ysieporaHoro
TUna Ha npumepe QymiepeHos. [Ipy MoanpUIMPOBaHUN pacCMATPUBAIUCH PA3IMYHbIE BApU-
aHTBl BBEJCHHS (PyJUICPEHOB B a/ICOPOEHT, Takue, Kak BBeICHHE (YIUIEPEHOB B IOPHCTYIO
CTPYKTYpY TOTOBOTO YIJIEPOJHOTO aAcOpOEHTa U BBEJCHHE B MaTepHal B Ipolecce Moyye-
HUs akTUBHOro yrisi. KonndecTBo BBOAMMOro MoauduKaTopa COCTABISUIO THICSYHBIC JIOIH
IIPOILIEHTA, YTO 0OYCIOBIMBAJIO XOPOIINE SKOHOMUYECKHE MOKA3aTeI! Tporiecca MOIyIeHHs
MoauUIIPOBaHHOTO (yJIEpEeHAMH YIIEPOAHOTO aacopOeHTa.

Beenenue ¢yuiepeHOB B MOPHUCTYIO CTPYKTYPY AKTHBHOTO YIJIS ITO3BOJISICT MOBBICUTH
€ro MOTJIOTUTENBHBIC XapaKTEPUCTHKU IPH COPOLUM U3 BOJBI 110 OPraHUYECKUM COCIUHCHU-
sIM, TAKMM Kak OyTaHoj-1, o-kcuion u xmopOenszon B 1,3-2,5 pasa, 1 KaTHOHaM METaJIOB,
TaKUM Kak MeJlb, CBHHEI[ U cepedpo B 2,2-3,0 pa3a. Hammune ¢yniepeHOB Ha MOBEPXHOCTH
TaKOKe IPUIACT aCOPOCHTY OaKTEPULIMAHBIE CBOMCTBA.

Baenenue dysepeHoB B yriiepoAcoAepKalMi MaTepuai B IPOLECCe MONYyYEeHHs aK-
THUBHOTO YIS OCYHIECTBIISUIOCH HA Pa3UYHBIX cTagusx. DyiuiepeHsl BBOAWINCH B opMye-
MYIO Maccy, MPeACTaBICHHYIO CMEChIO MOPOIIKOOOPa3HOT0 KAMEHHOTO YIJISL M JIECOXUMUYE-
ckoil wiH (eHonohopManbIerIHON CMOJIbI, C JAalbHellIel ee 00pabOTKOW MO Tpa HIIHOH-
HOW TEXHOJIOTMY KapOOHHM3alMK M aKTHBALMH, HAHOCHINCH HA ITOBEPXHOCTh KapOOHN30BaH-
HOTO YIUIS C IANIbHEHIIIeH ero akTHBaluei, a TakKe BBOJWINCH B JIMTHHH IYTEM IIPOIHUTKH C
nanbHeiIed kapOoHn3alueil U akTuBalyeil. beuin onpeneneHsl ONTHMalbHBIC MapaMeTpPhI
IpoIlecca akTHBALMH MaTepralla, TaKHe KaK TEMIIEpaTypa, MPOAODKUTEIBHOCTD, KOJIMYECTBO
BOJIbI, UCIIONB3YEMON JUTs aKTUBALMHU, a TAakke HauOoJiee PAlMOHANBHBIA CIoco0 BBEICHUS
(dysiepeHoB B MaTepuall, Mo3BOJISIONINE MOTYyYUTh aACOPOCHT ¢ HAMIYYIIMMH TOTIOTUTEIb-
HBIMH XapaKTePUCTUKAMH.

[Mony4yennsle MomuQUUMPOBaHHBIE MaTepHabl XapaKTEPU30BAIMCH MOBBILICHHOHN T10-
TJIOTUTENBHON E€MKOCTBIO, [0 CPaBHEHHUIO C MAaTEpUAlIOM, HE COJepXkaluM (yJUIepeHBl, 110
OTHOIIECHHIO K KPacHTEJIsIM, HallpuMep METHJICHOBOMY roiybomMy u oxy B 1,5 pasa, mo ka-
TroHaM Meau B 1,5-2,0 paza. [Ipu sToM, Takke H3MEHsIETCS IOPHUCTas CTPYKTypa MaTepuaa,
TaKk 00beM Me3omop yBenuuuBaercs B 1,5-1,8 pasa, npu npakTuuecku HEM3MEHHOM 00beMe
MHKPOIIOp.
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CARBON ADSORBENTS MODIFIED BY FULLEROID TYPE NANO-
STRUCTURED CARBON

V.V. Samonin, M.L.Podvyasnikov, V.Y. Nikonova,
Saint Petersburg State Institute of Technology (Technical University), Moskovsky prospect,
26, Saint Petersburg 190013, tel./fax: (812)315-5114, E-mail: samonin@|Iti-gti.ru

The present work concerns the possibility and perspective of modification of carbon ad-
sorbents by fulleroid type nano-structured carbon with fullerene taken as an example. For the
modification we considered various types of fullerene insertion into the adsorbent, such as
fullerenes insertion into the porous structure of a manufactured carbon adsorbent and into the
material during the process of activated carbon production. The amount of a modifier was
equal to the thousandth of one percent, what determined high values of economic indicators
of the process of fullerenes modified carbon adsorbent production.

Fullerenes insertion into the porous structure of activated carbon allows to increase its
absorbing performance while sorption from water to organic compounds such as butanol-1, o-
xylene, and chlorobenzene 1.3-2.5-fold, and to metal cations such as copper, lead, and silver
2.2-3.0-fold. The presence of fullerene at the surface also gives the adsorbent antibacterial
properties.

An insertion of fullerenes into a carbonaceous material during a process of activated
carbon production was carried out at various stages. Fullerenes were inserted into the mold,
which was a mixture of powdered black coal and wood chemical or phenol-formaldehyde re-
sin, followed by its treating according to a trivial technology of carbonization and activation,
and then put on the carbonized coal surface with its further activation. Fullerenes were also
inserted into lignin via soaking followed by carbonization and activation. Optimal parameters
of a process of a material activation were determined: such as, temperature, duration, amount
of water used for activation, and also the most rational method for fullerenes insertion into a
material, that allow to obtain an adsorbent with the best absorbing properties.

Modified materials produced were characterized by an increased absorption capacity
compared to a material, not containing fullerenes, to dyers such as, for example, methylene
blue and iodine 1.5-fold, and to copper cations 1.5-2.0-fold. At the same time porous structure
of a material also changes, as mesopores volume increases 1.5-1.8-fold while the micropores
volume is kept almost constant.
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EFFECT OF POROUS STRUCTURE IN ACTIVE COAL ON THE ADSORPTION OF
MARKER SUBSTANCES

T.G. Lupascu, N.I. Timbaliuc
Institute of Chemistry of the Academy of sciences of Moldova,
MD 2028, 3 Academiei str.,Chisinau, Fax: (37322) 73 99 54, email: lupascut@gmail.com

One of the key characteristics that determine the use of active carbons as hemosor-
bents is the porous structure of the adsorbent. The purpose of this study was to evaluate the
sorption properties of activated carbons obtained from fruit stones and walnut shells by water
vapor activation, regarding marker substances used in laboratory studies to simulate the state
of intoxication. The study was performed on three samples of local active carbon - CAP (from
plum stones), CAN-8 (from walnut shells), CAS-23 (from peach stones). Also, the industrial
active carbon BAU was used for comparison. Vitamin B, and Congo red dye were used as
markers. The nitrogen adsorption isotherms were measured for these adsorbents, and then
used to calculate the adsorption characteristics. Also, the adsorption isotherms of marker sub-
stances were measured on the studied coal samples. The obtained data are presented in the
table below:

Adsorbent Vs, Vs SBET, Vines a, (B12) | a,(Congo red)
cm’/g cm’/g m%/g em’/g mg/g | mg/g
CAP 0,541 0,302 769 0,239 36,86 110,0
CAN-8 0,598 0,413 1071 0,185 32,05 414
CAS-23 0,484 0,376 945 0,108 12,40 26,3
BAU 0,41 0,28 713 0,13 24,62 39,8

Vs - the maximum volume of sorption space, Vmi, Vme - volume of micro- and mesopores,
Sget - specific surface area of coal, a(B)2) and a(Congo red) - the maximum absorption of vi-
tamin B, and Congo red.

It can be observed from the data that with almost identical values of Vy,; and slightly
differing Vs, a greater value of Vi, in the cases of coal CAP and CAN-8 provides a more
complete immobilization of the toxin, similar in chemical structure and molecular weight to
the studied markers. The data obtained allow us to establish that the presence and quantity of
mesopores has a significant value in the process of adsorption of toxins such as the dye Congo
red and vitamin Bj,.
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TEXTURAL PARAMETERS vs. INTERMOLECULAR INTERACTIONS IN
ADSORPTION ON CARBON ADSORBENTS WITH IMMOBILIZED DYE
MOLECULES

M.P. Elizalde-Gonzalez, M.M. Davila-Jiménez, L.E. Garcia-Diaz, M. Osorio-Zamudio,
C.M. Antonio-Cisneros
Universidad Autonoma de Puebla, CU Edif. 103H, Puebla, Pue 72570 Mexico
Fax +0052-222-2295525, maria.elizalde.uap.mx@gmail.com

The carbon adsorbents obtained from natural wastes have a heterogeneous surface. One of the
most important characteristics of these adsorbents is the morphology of the surface, the way
in which different sites are distributed on the surface and the meso-microporous properties
depending on the carbonization temperature. In the present work, we studied carbon samples
obtained from agricultural wastes as cobs, guava and manihot seeds [1-4]. To study the effect
of surface modification (Fig. 1) on the adsorption from the gas phase and from solution, two
series of carbon samples were prepared: i) with and without solvent post-treatment, and i)
with and without dye immobilized by adsorption from solution. Both, dye immobilization and
post-treatment affected the textural parameters of carbon and the intermolecular interactions
in solid-gas and solid-solution systems. Depending on the textile dye used, the form of the
adsorption isotherm and the absorbed amount changed, even with similar molecular amounts
of immobilized dye. In some cases, the magnitude of the specific surface increased exposing
the dye molecules as active sites for N, adsorption. In other circumstances, the specific sur-
face decreased due to plugging of the carbon pores (Fig. 1). Absolute adsorption isotherms of
solutes from solution revealed the correlation of the adsorbed amounts of the dyes AO8 (acid)
and BB7 (basic), with the pore size and the acidic-basic character of the surface.

60

Original carbon §
50 o
40 o

77 With AO8 dye

— O» adsorbed
Y )i
g o/

A

©

20 4 o/ /
el & With BB7 dye

D10mm ; SS40 X200 100U —

Fig. 1 SEM image of guava seed carbonized Fig. 2 Adsorption isotherms of N, at 77K on
at 773 K post-treated with hexane. carbon samples after immobilization of dyes.
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TEMIUIATHBIA CUHTE3 OJTHOPOJIHOIMOPUCTBHIX HAHOYTJIEPOTHBIX
MATEPHAJIOB

0.K. Kpacunsaukosa, T.1O. I'pankuna, H.B. CepebpsikoBa, A.C. Ilorocsa, A.B. [latpukees
Hucmumym gusuuecrou xumuu u snekmpoxumuu um. A.H. @pymxuna PAH
119071 Mocksa, Jlenunckuii npocnexm, 31; E-mail: krasilnikovaok@inbox. ru

Jlnst cuHTe3a HAHOYTJIEPOIHBIX MaTEepHANIOB, 00JIAIAIOIINX Y3KHM pacipeneeHHeM Iop
110 pa3MepaM HCIOJb3YIOTCS pa3IuyHble METOABL. B HacTosIIee BpeMsi aKTUBHO pa3BUBAIOT-
cs1 Mmetozbl cuHTe3a HYM, ocHOBaHHBIE Ha KapOOHM3AIMU MPEKypCopa yriepojaa B MPUCYT-
CTBUH MaTpHULbI-TEMILIATA, YTO IMO3BOJIACT IOJY4YaTb HAHOYIVIEPOAHBIC MaTe€puajbl ¢ KOH-
TPOJIMPYEMOil OJJHOPOJHOW TOPHCTOCTBIO U MOpdosiorueid. TeMIUTaTHbIN CHHTE3 HaHOIIOPH-
CTBIX YIJICPOJHBIX MaTepPHAaNIoOB, OCHOBAaHHBINA Ha MPOLECCE HAHOKACTUHTA ¥ HAHOPETIIIHKAIIH
BKJIIOYAET OOBIYHO CIIEAYIOLIME CTaJMU: U3rOTOBJICHUE CIEHHMATIbHONW HEOpPraHW4ecKoi Mmar-
PpHILBI, UMeroLIeil CrelU(pUISCKYIO TOPUCTYIO CTPYKTYPY, IIyTeM CaMOOPraHH3alMU yIops-
JIOYEHHBIX HEOPTaHUYECKUX CTPYKTYp ¢ ucnonas3oBaHueM ITAB; uMmmpernuposanue pactBo-
POM MJIM PacIIaBOM  CIIELU(UUIECKOro OpraHMYecKoro npekypcopa (o0pa3oBaHHEe KOMIIO-
3UTHOM CTPYKTYpPBI M3 HEOPraHMYECKOH MAaTpHUIBI U OPraHHYECKOro IPEeKypcopa); MpU HC-
0J1b30BaHUH OPTaHMUYECKOM MaTPHIIbl — MOJTy4YEHHE €€ KOMIIO3UTa C OPraHU4ecKUM IpPeKyp-
cOpoM; KapOOHHU3alMs TTOJTy4YEHHOTO KOMIIO3UTa (HEOpraHW4ecKasi WiIM OpraHu4ecKasi MaTpH-
11a — OPraHMYECKUI MPEKypcop) M yJalCHNUE TEMILIATHI.

Tunbl NOMYYSHHBIX B AAHHOM pabOTe TEMIUIATHBIM METOIOM HaHOYIVIEPOIHBIX Mare-
pHaJoB MOKa3aHbl B TabiuIe. VIcronp30BaHbl )KECTKHE HEOPraHMIECKUE KPEMHE3EMHBIC TEM-
IUTaTHl 1 HAaHOHWTH U3 OKCHIA AIOMHUHHA. Tarke MCIOJIB30BAaHBI MOJIMMEPHBIC TEMIUIATEHI,
yAajseMble B IIPOIIECCEe CHHTE3a TEPMUUECKUM pa3iokeHneM. Takke MpoBeJicH MPIMOit TeM-
IUTATHBIN CUHTE3 HAHO YIIEepOo/1a U ME30MOPUCTOr0 KpEMHE3EMa.

Temmuiat IIpexypcop Y nanenue Temara [lomy4ennsnii  yraepon-
HBIH MaTepHai
Juametp nop 2x (HM)
Mesonopu- Dypdypunossiii | PacrBopenue B HF OnHOpPOAHBIE CTPYKTYp-
CTbIE Cnupr, HO YHOPSJOYEHHBIE Me-
KpEMHE3EeMbI caxaposa 30mophL: 2< 2x< 12
HanoBonokna | @ypoypunossiit | PactBopenne B crupTo- | CynepMUKPOIOPUCTHIH
u3 Cnupr, BOM PacTBOPE LIETOUH YIJIEPOA  OJAHOPOIHBIMH
okcuna  amo- | Hedranoit nex nopamu: 1.3 <2x<2.0
MHHUS MHUKpPOIOPUCTBIiL:
Caxapo3sa 04<2x<13
Cmech nomu- | Caxapo3sa Viansercs npu kap6o- | YIbTPaMUKPOHNOPUCTBIH:
MepoB HU3aIuH 3a cdeT Hu3koi | 0.3<2x<0.4
TEePMOCTAOMIBHOCTH MHuKponopHCTbIi
CynepMUKpOIOpPUCTbIH
Ipsmoit  cun- | @ypdypunossiii | PactBopenue B HF nocne | OnHoponHble CTPYKTYp-
Te3 ¢ kpemHe- | CnupT KapOOHU3AINH HO YTNOpSAJOYEHHbIE Me-
3eMOM 30M0PBI:
2<2x<12
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TEMPLATE SYNTHESIS OF NANOPOROUS CARBONS
WITH UNIFORM PORES

O.K. Krasilnikova, T.Y. Grankina, N.V. Serebryakova,
A.S. Pogosian, A.V. Patrikeev
Frumkin Institute of Physical Chemistry and Electrochemistry of Russian Academy of
Science, Leninskii prospect, 31, Moscow, 11999, Russian Federation,
E-mail: krasilnikovaok@inbox.ru

Several methods have been explored for the preparation of carbons with tailored po-
rosity as microporous and mesoporous structure. Recently the carbonization via template
rout attracted much attention for the synthesis of nanoporous carbon because it allows the
preparation of materials with controlled uniform porosity and morphology. The template
synthesis of nanoporous carbon materials NC based on nanocasting and nanoreplication
process usually involves the following steps:

- the preparation of the template-matrix, with specific porous structure inorganic-organic sur-
factant self-assembly approach);

- the introduction of suitable carbon precursor into porous structure of template by impregna-
tion by the organic solution or melt (inorganic template-organic percursor self-assembly ap-
proach) ;

- the carbonization of composite ( organic-inorganic or polymer blend);

- the removal of the template.

The template were hard inorganic materials as zeolite and mesoporous structures —
MCM-41, MCM-48, SBA-15, which have a ordered porous structure with internal porosity
and amorphous nanofibrous alumina, which consists of the disordered nanofilaments of alu-
minum oxide with the external porosity. The initial stage of preparation of the hard template
may be excluded due to direct template synthesis in which both silica template and carbon
precursor were prepared simultaneously.

The usage of the soft template from some polymers with low thermostability gives prefe-
rences of removing the template in carbonization process.

Template Precursor Removing Porosity of nanocarbon
Of the template 2x - pores width (nm)
Mesoporous Furfuryl alcohol, | Dissolution in HF Mesoporous  ordered
silicas sucrose uniform carbon:
2<2x<12
Nanofilament of | Furfuryl alcohol, | Dissolution in alkaline | Supermicroporous uni-
alumina Petroleum pitch | solutions form:
1.3<2x<2
Dissolution in alkaline | Microporous:
Sucrose solutions 0.4<2x<1.3
Polymer blend Sucrose During carbonization Ultramicroporous:
0.3<2x<0.4
Microporous
Supermicroporous
Direct synthesis | Furfuryl alcohol | Dissolution in HF after | Uniform ordered meso-
with silica carbonization porous:
2<2x<12
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POJIb CTPYKTYP C CHCTEMOM MOJIMCONPSI)KEHUSA B CHHTE3E
YIVIEPOJHBIX AJCOPBEHTOB C 3AJJAHHBIMHA TEKCTYPHBIMU
XAPAKTEPUCTUKAMMU

I0.T". KpsixeB
Omckuii nayynwiti yenmp CO PAH, Hncmumym npobiaem nepepabomxu yeneeodopooos CO
PAH, 644040, 2. Omck, yr. Hepmesasoockas, 54, E-mail: kriaghev@ihpp.oscsbras.ru

PaccMaTpuBaroTCsi BO3MOXHOCTH KOHTPOJIMPYEMOTO CHHTE3a IOPHCTBIX YIJIEPOIHBIX
MaTepHalioB Ha OCHOBE KOHLENIMU (HOPMHUPOBAHHS CTPYKTYP € CHCTEMOH MOIHCONPSIKEHUS
(CCII) B mpeaumectBenHuke yriepona. s CCII BcnencTue eoKaau3aiy - SJIEKTPOHOB
0 LETH CONPSDKEHUsI XapaKTepHbI COMMKEHHE BEIMYMH MTOTCHIMAIA MOHM3AIMU 1 CPOJCTBA
K JJIEKTPOHY, JIETKas IOJSIPH3yeMOCTb OJIOKOB COINpSDKEHHUS, WX CKIOHHOCTh K JIOHOPHO-
AKIENITOPHBIM B3aMMOJICHCTBHUSIM, MOBBIIICHHAS PEAKIHOHHAsI CIIOCOOHOCTh W KaTaJUTHYe-
ckast aktuBHOCTh. OOpaszoBanue CCII TepMOAMHAMUYECKH BBITOJHO U SIBJISICTCS 3aKOHOMEp-
HBIM PE3yJbTaTOM IPEBPALIECHUSI OPraHWYECKOro BELIECTBA MPH YHEPreTHYECKUX BO3ICHCT-
BHUSIX, YTO, B YACTHOCTH, HPOSIBISIETCS B Ipoleccax MUpoin3a (KokcooOpasoBaHue, kKapOOHU-
3alHs U T. II.) U XHMHUYECKOH 3BOJIOLUH HPH (HOPMUPOBAHUH CMOJHUCTO-ac(haIbTEHOBBIX U
YIJIEpOAONOA00HBIX BEIIECTB B KayCTOOMONUTAX - HE(TH, FOPIOYUX CIAHIAX, HCKOMAEMbIX
YIIISIX.

Io HameMy MHEHUIO, MOJIUCONPSIKEHHBIE (DPAarMEHThI, IPUCYTCTBYIOLIME B HCXOJHOM
ChIpbe WM C(HOPMHUPOBABILMECS HAa HAYAIBHBIX CTaJMAX €ro MPeBpalieHHs, CIeAyeT pac-
CMaTpHUBaTh Kak OJMH M3 BaKHEHIINX (HaKTOPOB €ro IBOJIOLUHUH B HAPABICHUH COBEPIICHCT-
BOBAHHUS CHCTEMBI CONPSDKEHHsI ¢ 00pa3oBaHUeM Bce 0ojiee CTaOMIIBHBIX 00OTalIeHHBIX YT-
nepoaoM crpyktyp. C apyroii ctoponsl, nHruOupymomias crnocoonocts CCII B mpomeccax
JICTIONIIMEpH3alil  00YCIOBINBACT CaMOCTA0UIM3aHMI0 (HOPMUPYIOMIETOCS  YIIIEPOJHOTO
CKeJleTa, IpUYeM acCOLMaNusl U MOCHeNyIomas KOHISH CAHsl ero pparMeHTOB MPHUBOIAUT K
COBEPIICHCTBOBAHUIO YIJICPOAHOM CTPYKTYpBI M €€ NpHOJIKEeHHe K Haubosee TepMOAMHA-
MHYECKH BBITOAHOMY UISl JAHHBIX YCIIOBHI COCTOSIHHIO.

[11010TBOPHOCTE M3JTI0KEHHOTO TOJAXO0Aa IEMOHCTPUPYETCsl psaoM mpumepoB. Tak,
UCIIONB30BAHUE B KauecTBE MCXOJHBIX  IOJMMEPOB  PACTBOPHMBIX  KapOOILEMHBIX
HEePXJIOPIOIUMEPOB THUIA TOJMBHHUIMICHXJIOPHAA, CKIOHHBIX K obOpaszoBanuio CCII B
MSTKHX YCJIOBHUSX, MO3BOJISIET BBOJUTH MOAMU(UIMPYIOIINE N00aBKH HEMOCPEICTBEHHO B
PCaKLHOHHYI0 Cpedy Ha CTaAMM CHHTE3a CONpPSKCHHBIX CTpykTyp. OOpasoBaHue
MOJICKYJISIPHBIX KOMIUIEKCOB, CTaOMJIN3HUPOBAHHBIX CHCTEMOH COMNpPSDKEHHsS; CIOCOOCTBYET
BCTPAaUBaHMIO B YIVICPOAHBIA CKeJET KaK Pa3MyYHbIX IeTepoaTOMHBIX ()parMEeHTOB, TaK H
HaHOpa3MepHbIX dYacTull. I[Ipu 5TOM H3MEHEHHE YCIOBUM MNPHUTOTOBIEHHS IpeKypcopa
YIJIEpOoZia ¥ €ro MOCHeIYIONHMX TepMOooOpabOTOK MO3BOJSIIOT B IIMPOKUX Mpeaeax U3MEHITh
TEKCTYPHbIE XapaKTEPUCTUKH MOJIYy4aeMBbIX IIOPUCTBIX MAaTEPUATIOB.

B pesynpTaTe HAIMX MCCICAOBAHHMI IOIydYeHbl MHKPO- W/HIM ME30HOPHCTHIC
MOZH(HIMPOBAHHBIC TETEPOAICMEHTAME YIICPOIHBIE MaTepHaibl ¢ Sper A0 1800 Mr ¢
conepkanueM azora 10 10 % macc. u nepexonubix MeramwioB (Ni, Co, Fe) mo 5 % macc., a
TaK)k€ HAHOKOMIIO3UTHI C HaHOYacTUIaMH (HaHOMIOOYyJiamMu, HaHOTpyOkamu, SiO»),
pacrpeeneHHbIMI B IIOPUCTOMH YIIIEPOIHON MaTpHIIe.

Kpome Toro, ormeuaercs nenecoodpassocts Beefenust CCII B mcxomHOe ChIpbe MpH
MOJTyYEHHH YIIICPOAHBIX MaTepPUAJIOB, HAPHMeEp, 100aBIeHHEM KaMEHHOYTOJIbHBIX HIIH Hed-
TSHBIX [IEKOB, XapaKTEPH3YIOLIMXCSI BBICOKHM COJCPIKAHHEM IOJIHAPEHOBBIX CUCTEM COIpS-
JKeHUsI, ¥ KaTaJIMTHYECKHUX 00aBoK, ctumynupyoumx poct CCII npu TepmoobpadoTke.
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ROLE OF CONJUGATED STRUCTURES IN THE SYNTHESIS OF CARBON
ADSORBENTS WITH GIVEN TEXTURAL CHARACTERISTICS

Yu.G. Kryazhev
Omsk scientific centre SB RAS, Institute of hydrocarbons processing SB RAS,
Neftezavodskaya, 54, 644040 Omsk, E-mail: kriaghev@ihpp.oscsbras.ru

This work is focused on the possibilities of the controlled synthesis of porous carbon
materials based on the concept of conjugated structure formation in the carbon precursor.

According to m-electrons delocalization conjugated polymers are characterized by
convergent values of the ionization potential and electron affinity, easy polarizability of
blocks of conjugation, propensity for donor-acceptor interactions, and catalytic activity.

The conjugated structures development is thermodynamically favorable and can be re-
garded as a natural result of organic substance transformation under different energy attacks
that is manifested in the processes of pyrolysis (coke formation, carbonization, etc.) and
chemical evolution in the formation of asphaltenes and carbonaceous substances in caustobi-
olithes - oil, shales, fossil coals.

In our opinion, polyconjugated component presented in the carbon precursor or
formed during the initial stages of its transformation should be regarded as one of the most
important factors in precursors evolution to form more stable carbon-rich structures.

On the other hand, inhibitory effect of conjugated polymers causes self-stabilization of
the forming carbon skeleton, and association and subsequent condensation of the fragments
leads to improvement carbon structure and its approximation to the most thermodynamically
favorable state for these conditions.

The efficiency of the stated approach is demonstrated by a number of examples. So,
using of soluble carbon-chain chloropolymers (polyvinylydene chloride type) tend to form
conjugated polymers in mild conditions allows us to inject modifying additives directly into
the reaction mixture during the conjugated structures synthesis. Formation of molecular com-
plexes stabilized by a system of conjugation facilitates the incorporation into the carbon ske-
leton different heteroatomic fragments and nanoscale particles. The variation of the conditions
of carbon precursor’s preparation and subsequent heat treatment can change over a wide range
textural characteristic of obtained porous materials.

Result of our researches represents the microporous and/or mesoporous materials
modified by heteroelements with BET specific surface area up to 1800 m/g, nitrogen contain-
ing up to 10 % wt., transition metals (Fe, Co, Ni) up to 5 % wt., and nanocomposites with na-
noscale particles (nanoglobules, nanotubes, SiO,) incorporated in porous carbon matrix.

In addition, we note a feasibility of introducing of a conjugated polymers in the raw
material during the producing carbon materials, such as the addition of coal or petroleum
pitches with a high content of polyarene conjugated systems, and catalytic additives that sti-
mulate the growth of the conjugated polymers during heat treatment.
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HAHOPA3MEPHBIA U HAHOCTPYK];JYPI/IPOBAHHI)II?‘I YIUIEPOJ
JJIA AJIBTEPHATUBHOU QHEPTETUKH

Bb.B. Criunpi, A.A. ®omku, A 1O. [luBamze
Hucmumym pusuueckou xumuu u snekmpoxumuu um. A. H. @pymrxuna PAH
Jlenunckui np. 31, 119071 Mocksa, Poccus
bspitsyn@yahoo.com

o pacnpocTpaHEHHOCTH B 3¢ MHOI KOpE YIiepoJ] BXOAUT TOJIBKO BO BTOPYIO AECATKY
anemMeHToB. OflHAKO, U3-3a 3HAYCHUS AT )KU3HHU Ha 3eMiie U, CIeJ0BaTeNbHO, IS BCETo ue-
JIOBEYECTBA, €ro, BEPOSITHO, CIEAYeT BKIIOUMTH B nepByio msatépky. OOpasoBaHue cBsi3eit
MEXKTy aTOMAaMH yTTIEPOJIa C YIACTHEM TPEX SP°, Sp° I Sp' THIIOB THOPHIM3AIIN H HX COUCTA-
HHH OIpeJenseT CyIeCTBOBAaHHE JIABHO U3BECTHBIX (JOPM YHUCTOTO yriieposa - rpadura u ai-
Ma3a, U HeIaBHO OTKPBITBIX €r0 COCTOSHUMN, TaKUX Kak (ysuiepeHbl, HaHOTPYOKH, acTpasieHsbl,
TyOyJneHsl, rpadeH, HOpOIKOoOOpa3HbIil HAHOANIMA3 U JIP.

MHorue BakHbIe NpoOIeMbl pa3pabOTKH M Pa3BUTHS PAAa HANpPaBICHUH anbTepHa-
TUBHOM SHEPreTHKH HMMEIOT 3HAUMTEIbHYIO MEPCHEKTHBY YCIIEIIHOIO PELIeHUs ¢ IpUMEeHe-
HHUEM BBIIICYKa3aHHBIX PA3IMYHBIX BUJIOB YIIEpoAa KaK B HAHOPA3MEPHOM, TaK M B HAHOCT-
PYKTYpPHPOBaHHOM COCTOSHHH.

Lenbto Hamero kpaTkoro 0030pa sABISETCS PACCMOTPEHUE MPSAMBIX U KOCBEHHBIX CII0-
cO0OB HCIIOJIB30BaHHUA HAaHOPAa3MEPHOTO M HAHOCTPYKTYPHPOBAHHOTO yIJIEpoJa JUIS MPOH3-
BOJICTBA, NPe0Opa30BaHUs, XPAHEHHs, COCPEKEHUSI U SKOHOMHH aIbTEPHATHBHBIX MCTOYHHU-
KOB 9Hepruu. byner paccMoTpeH psij npumMepoB 3G (HeKTHBHOrO NPUMEHEH s HAHOPa3MEepHO-
IO, a TAaK)K€ HAHOCTPYKTYPHPOBAHHOTO yTJIEpOJa B COMHEYHBIX 3JIEMEHTaX, MEXaHHUECKHX H
NEKTPOXUMHUUECKUX aKKyMyJITOpaX 3HEPrMH, TOIUIMBHBIX 3JE€MEHTaX M T. 1. Bo MHormx
Clly4asiX UCIIOJIb30BAaHUE HAHOPA3MEPHOI'O U HAHOCTPYKTYPUPOBAHHOI'O YIJIEPOJa MO3BOJIAET
obecrieunTh Gosiee BBICOKYIO Y(h(EKTHBHOCTH NPH MOJTYyYCHHUH, IPe0OPa30BaHUU M XPAHCHUH
9HEPrUM, B CPAaBHEHUH C MaTEPHATIOBEIYECKHMMHU PEIICHUS MU Ha OCHOBE HEYIJIEPOAHBIX Ma-
TEpHANOB.

OcoOblii akIeHT OyZAeT caenaH Ha HCIOJIb30BAHMU AKTUBHBIX YIVIEH M JPYrUX BHIIOB
HAHOPa3MEPHOI0 U HAHOCTPYKTYPUPOBAHHOIO YIJIEPOAa, B TOM YHCIIE B COCTaBE HAHOKOMIIO-
3UTOB - JUIs 3(PEKTUBHOTO U 00paTUMOr0 XpaHEeHUs! MOJIEKYJIIPHOTO BOJOPOAA, KaK HCKIIIO-
YUTENPHO BAKHOTO Kak JJISI TPAJULIMOHHOM, TaK M aJbTEPHATUBHOHN 3HEPrEeTHKH ITPOMEXKY-
TOYHOT'O HOCHUTEJISI SHEPIHH.
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NANOSIZED AND NANOSTRUCTURED CARBON
FOR ALTERNATIVE ENERGY

B.V. Spitsyn, A.A. Fomkin, A.Yu. Tsivadze
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry RAS
Leninsky pr. 31, 119071 Moscow, Russia
bspitsyn@yahoo.com

Carbon belongs to only the list of second tenth of elements common in the Earth crust.
However, because of its importance for the life on Earth and, consequently, for all Mankind it
probably should be included in the top five. The formation of bonds between carbon atoms
with the participation of three sp’, sp” and sp' hybridization types and combinations thereof
determines the existence of a long-known forms of pure carbon — graphite and diamond, and
its states recently opened as fullerenes, nanotubes, astralenes, tubulenes, graphene, particulate
nanodiamond, and others.

The vital problems of the alternative energy development and exploration have many
prospects of solution with the help of abovementioned different kinds of carbon both in nano-
sized and nanostructured states.

The intention of the short review is to consider direct and indirect ways of usage the
nanosized and nanostructured carbon (NNC) for production, conversion, storage, savings and
recovery of the alternative energy. Several samples of the NNC benefits in the solar cell, elec-
tochemical battaries, fuel cells etc. will be considered. In many cases the usage of the NNC
provides topmost efficiency comparatively with noncarbon materials in the energy production,
conversion and storage.

Special emphasis will be done for use of active carbons and the NNC contained
nanocomposites for effective and reversible molecular hydrogen (as outstanding energy relay
in tradition and alternative energy)storage.
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PROCESSES AT THE INTERFACE ACTIVATED CARBON - METHYLENE BLUE

M.M. Ciobanu, T.G. Lupascu, V.Ya. Botan, A.I. Nistor.
Institute of Chemistry of the Academy of sciences of Moldova,
MD 2028, 3 Academiei str., Chisinau, Fax: (37322) 73 99 54, email: lupascut@gmail.com

Methylene blue dye in the presence of modified adsorbents or various oxidants under-
goes transformations with the formation of new products; their structure has not been estab-
lished yet. It is assumed that as a result of these simple transformations are obtained sub-
stances such as CO», N,, H>O and sulphate ions.

In this paper were studied the oxidation processes of methylene blue in relatively

small concentrations in the presence of activated carbon obtained from nut shells by activa-
tion with water vapor, oxygen at P = 2 atm, at 50 °C for 1 hour. In these experimental condi-
tions, the OH’ radical forms at the interface, with a high oxidation potential (2.8 V). During
one hour att 50 °C, nothing is desorbed in demineralized water. Cromatomass spectrometers
confirm this. As a solvent to dissolve the concentrates after evaporation extra pure methanol
was used.
Study of methylene blue oxidation process at relatively high concentrations (120 mg/L) in the
presence of the same activated carbon, with oxygen bubbling at P = 2 atm., for one hour, led
to complete oxidation of methylene blue to CO,, N», H>O and sulphate ions. Vaporization at
the rotor was avoided and vaporization was performed in an ordinary water bath in a porcelain
cup.

In these experimental conditions, at this concentration of methylene blue, hemimi-
celles are formed in the solution, and also, possibly, micelles, which are adsorbed on the sur-
face of the activated carbon. Due to their close proximity to the OH' radical formed at the in-
terface, the dye oxidation evolves more efficiently than for small concentrations of methylene
blue (20 mg/L), in the case of a real solution.

It is worth mentioning here that after oxygen bubbling at P = 2 atm, in the system con-
sisting of the activated carbon BAU-A modified with Cu* ions - demineralized water for 1
hour, activated carbon structure parameters change significantly, i.e. the specific surface de-
creases from 1090.7 m?/g (initially) to 799.9 m%g after treatment, and micropores volume
from 0.405 cm’/g to 0.294 cm’/g after treatment.

Perhaps, in this case, the OH’ radical which is formed at the interface, oxidizes various
substances within the porous structure of the adsorbent, so that activated carbon pore sizes are
changed, and in particular the size of micropores and supermicropores are increased.
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ADSORPTION OF GAS MIXTURES IN COMPLIANT ACTIVATED CARBONS

V. Cornettel, J.CA. Oliveiral, R.H. L(’)pezl, C.L. Cavalcante Jr2, D.CS. Azevedoz*,
G. Zgrablich'
!Instituto de Fisica Aplicada (INFAP), CONICET-Universidad Nacional de San Luis, San
Luis, Argentina
’Grupo de Pesquisa em Separagées por Adsor¢do (GPSA), Universidade Federal do Ceard,
Fortaleza, Brasil, e-mail: diana @gpsa.ufc.br

The present work deals with adsorption-induced deformation for CO,-CH4 mixtures in acti-
vated carbons. A simple, yet instructive, thermodynamic model of the adsorption stress -
which has been successfully employed in previous publications by other authors for the ad-
sorption deformation of microporous solids like zeolites, activated carbons, and MOFs - is
extended to the case of adsorption of gas mixtures. The proposed model relates the stress, ex-
erted by the adsorbed phase on the adsorbent framework, to the adsorption isotherm. From the
thermodynamic standpoint, the adsorption stress o5 can be quantified by the derivative of the
grand thermodynamic potential Q of the adsorbed phase with respect to the pore volume V at
fixed temperature T and pressure P. The change AH in each slit-shaped pore of width H is ob-
tained by Monte Carlo thermodynamic integration when a mixture is adsorbed. The way in
which the pore size distribution of the material and the selectivity toward the adsorption of
one of the components in the mixture are affected by the deformation is calculated and ap-
plied to the analysis of experimental data.
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KOMIO3UIMOHHBIE MATEPHAJIBL ITOJTYYEHHBIE BCTPAUBAHUEM
HAHOTJIOBYJISIPHOT O YIJIEPOJIA B MUKPOIIOPUCTYIO YIJIEPOJHYIO
MATPHULLY

B.C. Cononosuuuenko**, 1.B. AunkeeBa**, 10.I'. Kpsokes*
*Omckuu Hayunviii yeump CO PAH
**Vypeowcoenue Poccutickoti axkademuu nayk Hnemumym npobiem nepepabomku y2ne000-
pooos Cubupckozo omoenenuss PAH, 644040, 2. Omck, yn. Heghmesasoockas, 54,
E-mail: kriaghev@ihpp.oscsbras.ru

JlaHHast paboTa MOCBAIICHA PELICHUIO aKTyalbHOH 3a/1audl yNpaBisieMOro CHHTE3a yr-
JIEPOJI-yTJIEPOAHBIX HAHOKOMIIO3HTOB C PACIPEAEIEHHBIMU B 00bEME TIOPUCTON yriiepoaHOi
MaTpULbl HAHOYACTHUIAMU KaK HOCHTEISIMH CHEIM(UUECKUX CBOWCTB, NPUCYIIMX HAHOMC-
MEPCHOMY COCTOSIHMIO BEILECTBA.

Jlnst cuHTe3a yriepoA-yriepoaHbIX KOMIIO3HLHMOHHBIX MAaTEpHaloB B KayeCTBE IOJH-
MEpPHBIX NPEKYPCOPOB YIIIEPOa UCIIONB30BAH PACTBOPHMBIE PEAKIIMOHHOCIIOCOOHbIE MOJIHU-
MEepbI ¢ CHCTEMOH CONPSDKEHHS! — MOJIUXJIOPBUHMIICHBI, KOTOpbIE 00pa3yloTcs IpU JErHapoO-
XJIOPUPOBaHUM KapOOLENHBIX HepxaopronuMepos [1]. B kauecTBe HaHOpa3MEpPHBIX YACTHIL
yIiieposaa, BCTpauBaeMbIX B MOJIMMEPHBIH NPEKypcop, UCHONIB30BAIM HAHOTIIOOYJISPHBIA Y-
nepox (HI'Y), mpousBoauMelii B IPOMBIIIIEHHOM MaciuTabe (caxa).

Jucnepcuto HI'Y B 1 % pacTBope XJIOpPUPOBAHHOIO MOJUBMHWIXIOPUIA B TeTparuj-
podypaHe mojBeprai yiIbTpa3ByKOBOW 00pabOTKe ¢ LeNbI0 Je3arperaiuyd HaHodactuil. B
HOJIyYEeHHYI0 CTaOMIIbHYI0 cycnensuio nobasisiin KOH B kauecTBe feruapoXiIopupyOLIero
areHTa JUIs TOJIyYeHHUs MONUXJIOpBUHMIICHA. [locie BBIAETICHHS! U3 PEaKIIMOHHOH Cpelbl Mo-
JIy4eHHO# KOMMO3uLuu nonuxiopeunmieH - HI'Y ocyuiecTsisiiu ee TepMooOpabOTKy B cpe-
ne CO, no xoneunoii Temneparypsl 900 °C ¢ nenbio kapOOHU3ALMH [TOTUMEPHOH MaTpULIbl U
pa3BUTHS B HEH MOPHUCTOI CTPYKTYpbl. PABHOMEPHOCTH pactpeeleH s HAaHOYaCTHUIl B 00be-
Me Marepuana KOHTpoiupoBaiach MeTo1oM ACM TOHKHX MJIEHOK, IMOJyUYeHHBIX U3 IUCIep-
cuii HI'Y B nonumepe.

TepmorpaBuMeTpUYeCKH aHATN3 KOMIO3UIMH monuxinopsuHmieH - HI'Y ¢ comepika-
nueMm HI'Y ot 2 o 20 % macc. nokasai, 4ro yxe HebGosnbime nooasku HI'Y oGycnonuBatoT
CYILECTBEHHOE CHI)KEHUE CKOPOCTH TepMOpacIaza MoJuMepa U POCT BEJIUUHHBI YIIIEPOIHO-
ro ocratka. Tak, B orcyrctBue HI'Y KOHEUHBIII BBIXOZA YIIEPOIHOTO OCTAaTKa COCTABIISET
30%, a B npucyrctBun 2 % macc. HI'Y mocturaer 51%. DTO CBUIETENBCTBYET O TOM, YTO
HI'Y He sBIsieTCS HHEPTHOU N0OABKOMH, a aKTUBHO Y4acTBYeT B ()OPMUPOBAHUH yIIEPOTHOH
CTPYKTYPBbI, IOAABIISS ACTOIMMEPH3AIIMOHHBIC TIPOLIECCHI TPU TEPMOJECTPYKIUH MOTUXIIOP-
BHUHUJICHA.

TekcTypHbIE XapaKTEPUCTHKU MOIYYEHHBIX COPOSHTOB ONPENEIsIM 10 U30TEPMaM aj-
cop6rmu azota (77 K) ¢ ucnons3oBanuem kinaccudeckoro meroga BJH u uncnenHoro merona
HEJIOKaIbHOU Teopru (yHKIoHaia mwiotTHocTH NLDFT juis olileHKHM XapaKTepUCTHK Me30- U
MHKpOIIOp. AHalU3 U30TepM COpOLUHM 10Ka3all, YTO BCE IOIYUYEHHbIE MaTepUabl ABISAIOTCS
MHKPOHOPHUCTHIMH (Vyupo 40 0,30 CMB/F, Duipo = 6-8 A). VY aenbHast TOBEpPXHOCTH 00pa3loB
10 BT cocrasuna 600 — 700 M*/r.

ABTOpBI BeIpakaroT GiarogapHocts po3noBy B. A. u I'ynseoii T.U. 3a uccnenoBanue
MOPUCTOH CTPYKTYpPbI HOJIy4EHHBIX 00pa3IoB.
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COMPOSITE MATERIALS OBTAINED BY EMBEDDING OF NANOGLOBULAR
CARBON IN MICROPOROUS CARBON MATRIX

V.S. Solodovnichenko**, 1.V. Anikeeva**, Yu.G. Kryazhev*
*Omsk Scientific Centre
**[nstitute of Hydrocarbons Processing, Siberian Branch of Russian Academy of Sciences
Neftezavodskaya 54, Omsk, Russia, 644040, E-mail: kriaghev@ihpp.oscsbras.ru

This work is devoted to solving the actual problem of controlled synthesis of carbon
functional materials with specified properties, in particular, the carbon-carbon nanocompo-
sites with nanoparticles distributed in carbon matrix as carriers of specific properties dealt
with nanodispersed substance.

Reactive conjugated polymers were used as polymer precursors of carbon for the syn-
thesis of carbon-carbon composites. Polychlorovinylenes as reactive conjugated polymers
were synthesized by carbon chain chloropolymers dehydrochlorination. Nanoglobular carbon
(carbon black) was used as a carbon nanoscale particles embedded into the polymer precursor
of the carbon matrix.

Dispersion of nanoglobular carbon (NGC) in 1% solution of chlorinated polyvinyl
chloride in tetrahydrofuran was subjected to ultrasonic treatment to disaggregate the nanopar-
ticles. KOH as dehydrochlorinated agent for polychlorovinylene synthesis was added to the
resulting stable suspension. Obtained composition polychlorovinylene - NGC was separated
from the reaction mixture and than was carried out heat treatment in CO, up to 900 °C to
carbonize the polymer matrix and develop porous structure.

Thermogravimetric analysis of composition polychlorovinylene - NGC with the con-
tents of the additive from 2 to 20 wt%. showed that even small addition of NGC lead to a sub-
stantial decrease of the rate of polymer thermal decomposition and increase in the quantity of
carbon residue. Thus, in the absence of NGC final yield of carbon residue was 30%, and in
the presence of 2% wt. NGC reached 51%. This indicates that the NGC is not an inert addi-
tive, and it is actively involved into the carbon structure formation, suppressing depolymerisa-
tion processes during thermal destruction of polychlorovinylene.

The textural characteristics of porous samples were calculated from nitrogen adsorp-
tion-desorption isotherms (77 K) using the classic Barrett-Joyner-Halenda (BJH) method and
the nonlocal density functional theory (NL DFT) for estimating the characteristics of micro-
and mesopores. According to sorption isotherms, obtained carbons represent microporous ma-
terials (Vmicro Up t0 0,30 cc/g, Dmicro = 6-8 A, Sggr = 600-700 mz/g),

The authors gratefully acknowledge V. Drozdov and T.Gulyaeva for the investigation
of porous structure of obtained materials.
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I Vupeacoenue Poccuiickoii akademuu nayk Hucmumym kamanuza un. I' K. Bopeckosa Cubupckozo
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*Vupearcoenue Poccuiickoil akademuu Hayk Hnemumym xumuyeckoii 6uono2uu
u pynoamenmanvroti meouyunvt Cubupckozo omoenenuss PAH,
Hosocubupck, Poccus

H3BecTHO, YTO (TOPHPOBAHHBIE YIJICPOJHBIC MaTepHaNbl 00NafaoT Gosee BBHICOKOMH
aIcCOPOIIOHHOM CIIOCOOHOCTBIO K OeJIKaM 0 CPaBHEHHIO C YIIepoAHbIME copOeHTamu. Llens
JIAHHOM paboThl - UCCIIENIOBAHUE TEKCTYPBl (QTOPYIIEPOJHBIX COPOSHTOB aJCOPOLIMOHHBIM
METOJIOM 10 HU3KOTEMIIepaTypHOH aJCOpOLUN-TecOPOLUU a30Ta U METOIOM CKaHUPYIOIIeH
MHKPOCKOITHH.

B Mucruryre Heoprannueckoit xumuu CO PAH nosmyuensl o0pasibl yriepoaHoro re-
MocopOeHTa, MOAU(UIIMPOBAHHBIE ra3000pa3HbIM U KHAKO(DA3HBIM (HTOPOM C BBICOKHM €ro
conepxanneM — 10 30 - 40 macc. %. B kauecTBe HCXOTHOTO HOCUTEJISI HCIOJIB30BaH ME30II0-
pHCTHIA yrieponuslii remocopoerT BHUMTY-1. HccnenoBanue TEKCTYpsl (pTOPHPOBAHHEIX
00pa3oB MPOBOAMIHN aACOPOLUOHHBIM MeTogoM Ha mpudope Gemini 2380 (CILA). Ycra-
HOBJICHO, YTO NPU HTOPUPOBAHUU M3MEHSETCSI MOP(OIOTHs MOBEPXHOCTH UCXOIHOTO 00pas3-
1[a yIJIEpOAHOro copOeHTa (CKaHUPYIOWUH 31eKTpoHHbINH Mukpockon JSM - 6460 LV, JEOL,
Snonus). CoraacHo peHTreHOBCKOMY MuKpoaHanu3y (cnektpomerp EDAX, SInonus) Ha wc-
CIIElyeMBIX Y4YacTKax (TOPHPOBAHHBIX 00pa3loB coxepxkanue ¢ropa nocruraer 30-40

macc. %.
U SRR e

B

¢ropyriaepoanblii remocopOeHT
(kuaxoda3ubIii pTop)

(¢ropyriepoaHsblii reMocopoeHT
(razoo0pasHblii rop)

PeHTreHoBCKHMIA MUKpOaHAITH3 MOBEPXHOCTH HCCIEIYEMbIX 00pa3I0B YIIIEpOIHOTO COpOeHTa

TonyyeHnsie GropyriaepoaHbie COPOSHTHI ¢ BHICOKUM COAEpKaHHEM (TOpa SIBISIOTCS
MEePCHEKTHBHBIM MaTEPHAIOM IS MONY4YEHHs] Ha X OCHOBE aQGpUHHBIX (CEIICKTUBHBIX) COP-
OCHTOB JUTs COPOLIMOHHOIT Tepanuu, ONOTEXHOIOTHH M MEITUIIMHCKOM TMarHOCTHKH.

Pabora BbINOJIHEHA NPH MOAICPKKE MEXKIUCUUILIMHAPHOTO HHTETPALIMOHHOTO MIPOEKTa
CO PAH Ne 88.
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TEXTURAL CHARACTERISTICS AND MORPHOLOGY
OF FLUORINATED CARBON HEMOSORBENTS

V.A. Likholobov !, L.G. P’yanova_l*, A.M. Danilenko 2, A.N. Salanov °,
A.V. Sedanova', T.S.Godovikova 4
! Institute of Hydrocarbons Processing SB RAS, 54, Neftezavodskaya St., Omsk, Russia,
644040, e-mail: medugli@ihpp.oscsbras.ru
? Nikolaev Institute of Inorganic Chemistry SB RAS, Novosibirsk, Russia
? Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia
*Institute of Chemical Biology and Fundamental Medicine SB RAS,
Novosibirsk, Russia

Carbon materials containing perfluoropolymers are known to have a higher adsorptivi-
ty for proteins as compared to carbon sorbents.

Samples of a carbon hemosorbent modified with gaseous fluorine and solutions BrF3
in HF and having high fluorine content (up to 30-40 mass %) were synthesized at the Niko-
laev Institute of Inorganic Chemistry SB RAS. Mesoporous carbon hemosorbent VNIITU-1
was used as a carrier.

The work was aimed at studying the texture of fluorocarbon sorbents by the low-
temperature nitrogen adsorption-desorption technique and scanning microscopy.

The texture of fluorinated samples was examined by the adsorption technique using a
Gemini 2380 instrument (USA). Fluorination was found to alter the surface morphology of
the carbon sorbent (a JEOL JSM-6460 LV scanning electron microscope, Japan). According
to X-ray microanalysis (an EDAX spectrometer, Japan), fluorine content in the examined re-
gions of fluorinated samples attains 30-40 mass %.

The synthesized fluorocarbon sorbents with high fluorine content are a promising ma-
terial to develop the affine (selective) sorbents for the sorption therapy, biotechnology and
medical diagnostics.

carbon hemosorbent carbon hemosorbent

modified with gaseous fluorine modified with fluorine

X-ray microanalysis of carbon hemosorbent VNIITU-1 and fluorinated samples

The work was supported by interdisciplinary integration project SB RAS No. 88.
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MOJU®UINAPOBAHUE TIOBEPXHOCTH MHYM BHOJIOT'MYECKH
AKTHUBHBIM KOMIIOHEHTOM JJIs1 HEJIEM BETEPUHAPUU

B.A. Jluxomno6os, A.B. Jlapenos, JL.I'. [IesiHoBa*, A.B. CenaHosa
Yupeowcoenue Poccutickotl akademuu Hayk Hucmumym npooiem nepepabomiu yeneooopo-
006 Cubupckozo omoenenus PAH, *644040, yn. He¢pmeszasoockas, 54, Omck, Poccus, E-
mail:medugli@ihpp.oscsbras.ru

B HacTtosiee Bpemst pa3zpaboTKa U HCCIIe0BaHHE HOBBIX, 3 (EKTHBHBIX, O€3BPEHbIX,
KOMIUIEKCHBIX IIPEeraparos, Ui MPOMUIAKTHKY U JIeUeHUs O0Ne3HeH jKelyJ0YHO-KHIIIEYHOTO
TPaKTa )KUBOTHBIX U NTHULL SIBJISACTCSA aKTyaJIbHBIM HallpaBJICHUEM BeTepI/IHapHOI\/’I HayKH.

HaunGonee nepcriekTHBHBIMY, MIPEACTABISIOT COO0M pa3pabOTKH yrIIEpOAHBIX SHTEPO-
COpOEHTOB KOMIUICKCHOTO JISWCTBUS, COAEp)KAIMe OMOJIOTHYECKH AKTHBHBIC BEIECTBA
(BAB). [lefictBue Takux HpenapaToB MO3BOJION UT MPOBOJMUTH KOPPEKLHUIO MATOJNOTUH UM-
MYHHOH CHCTEMBI, 0OMEHa BEIIECTB, XXCIYAOYHO-KHIIEYHOTO TPaKTa, TeIaTOOMIHApIHON
CHCTEMBI, OCIa0UTh HEraTHBHOE BIMSHME HEOIAromnpHsATHBIX (AKTOPOB, MOBBICUTH €CTECT-
BEHHYIO M cHeHH(DHUUECKYI0 PE3UCTEHTHOCTh OpPraHu3Ma, CTUMYJIMPOBATh POCT U NPOLYKTUB-
HOCTbH )KMBOTHBIX ¥ ITHII.

C nenbio co3nanus 3(GEKTUBHBIX YHTEPOCOPOCHTOB s BeTepuHapuu B MHCTHTYTE
pobiiemM nepepabotku yriaesomoponoB CO PAH paspabarbiBatoTcst MeToapl MOAUDULIKPO-
BaHUSI ME30IIOPHCTOTO YIJIIEPOJHOrO SHTEPOCOPOEHTa OMOJOTHYECKUMH aKTHBHBIMH KOMIIO-
HEHTaMH.

Lens pabotbl: MOAUGUIMPOBAHHE TOBEPXHOCTH MUKPOCHEPUUIECKOr0 HaHOIOPUCTO-
TO YIJIEPOJIHOTO HOCUTENS U3 JUCIIEPCHOTO TeXHuueckoro yriepoaa (MHYM) 6uonoruuecku
AKTUBHBIM KOMIIOHEHTOM U MCCIIEA0BAHHE €r0 CBOWCTB (PU3MKO-XUMUYECKUMH METOJAMH.

IIpoBeneno MoauHULIUPOBaHHE TOBEPXHOCTH YIJIEPOIHBIX COPOSHTOB OMOJIOrHYECKU
AKTUBHBIM KOMITIOHEHTOM. [losrydeHbl MoaubHIMPOBaHHbBIE 00PA3IbI C CoJepKaHUeM OHOIIO-
ruuecku aktuBHoro kommoHenta 0,5% u 1,8%. Omnpenenenue conep:kaHusi HAHECEHHOTO
BAB mpoBoAmiu XpoMaTo-Macc CIEKTPOMETPHUECKHM, CIIEKTPO(GOTOMETPHUECKHM, I'PABU-
METPUUYECKUM M TUTPUMETPHUUYECKIM METOJaMH aHAIH3A.

B pesynbrare npoBeIeHHBIX UCCIIEAOBAHUI ONpPE/ENIeHbl YCIOBHS M MapaMeTpbl MO-
JTu(UIUIpOBaHUs, 00€CIIeUNBAIOIINE COXPAaHEHNE TIOPUCTON CTPYKTYpPBI IIPU BBICOKOM COZIEp-
YKaHUU OMOJIOTHYECKH aKTUBHOTO KOMIIOHEHTA Ha TIOBEPXHOCTH.

PaGora BbINONHEHa NOpU NOAAEPKKE INPHU MOMAEPKKE TrockoHTpakra Ne 9411.
1003702.13.020.
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SURFACE MODIFICATION OF NANOPOROUS CARBON CARRIER
WITH BIOLOGICALLY ACTIVE COMPONENT
FOR THE PURPOSES OF VETERINARY SCIENCE

V.A. Likholobov, A.V. Lavrenov, L.G. P’yanova *, A.V. Sedanova
Institute of Hydrocarbons Processing SB RAS, * 54, Neftezavodskaya St., Omsk, Russia,
644040, E-mail: medugli@ihpp.oscsbras.ru

The development and investigation of new effective and harmless complex preparations
for the prevention and treatment of gastrointestinal tract disorders in agricultural animals and
poultry are topical for veterinary science.

Most promising are the complex action carbon enterosorbents containing biologically
active substances. Such preparations will make it possible to correct the abnormalities of im-
mune system, metabolism, gastrointestinal tract and hepatobiliary system, to lessen the harm-
ful effect of adverse factors, to increase autarcesis and specific resistance of the organism, to
initiate growth and productivity of agricultural animals and poultry.

Methods of carbon enterosorbent modification with biologically active components to
create complex preparations for veterinary are developed at the Institute of Hydrocarbons
Processing, Siberian Branch, Russian Academy of Science.

The work was aimed at surface modification of microspherical nanoporous carbon car-
rier comprising disperse technical carbon with biologically active component and its investi-
gation by physicochemical methods.

The carbon sorbent surface was modified with a biologically active component to obtain
samples with 0.5 and 1.8% content of the component. The content was found by chromato-
mass spectrometry, spectrophotometry and gravimetry.

Modification conditions and parameters providing the preservation of the porous struc-
ture at high surface contents of the biologically active component were determined.

The work was supported by government contract No. 9411.1003702.13.020.

99



PA3PABOTKA METOJA MOJAU®UIIUPOBAHUSA IOBEPXHOCTH
YIVIEPOJHOI'O COPBEHTA IIOJIU-N-BUHUJIIIUPPOJINIOHOM

O.H. baknanosa ', JL.T. [TbstHOBa 1’2, O.A. KnsbxeBa 1, N.C. IlerpakoBa !

Y upeosicoenue Poccutickoii akademuu Hayk Mncmumym npobnem nepepabomku yeiego-
0dopoodos Cubupckozo omoenenusi PAH, 644040, ya. He¢pmeszasoockas, 54, Omck, Poccus, E-
mail: medugli@ihpp.oscsbras.ru

IOV BITO Omckuii zocydapcmeennbiii mextuveckuil yrugepcumem, Omck, Poccus

DKOJIOTHYECKOe HEOIArononyyue OKpyKaromend cpeibl 1 pa3iIudHble 3a00JIeBaHMs, CO-
HPOBOKAAIOIINECS HAKOIUICHUEM TOKCHYHBIX BELIECTB B OpPraHW3Me, MOTPeOOBaIM HOBOTO
II0JIX0/1a K PEIICHUIO TTPOOIEMBI COXPAHEHHUS 3/I0POBBs YeloBeKa. [ neTokcukamum opra-
HHM3Ma UCIIONB3YIOT COPOIIMOHHBIE METO/IbI JICUCHUSL.

B Hacrosiiee BpeMsi akTHBHO pa3BHBACTCS alllUIMKAlMOHHAsE copOLus (ByJILHEPOCOPO-
must). [ edeHns THOMHBIX paH M 0)KOTOB HPUMEHSIOTCS YIJIIEpOAHBIC COPOEHTHI, 00ma-
JAIOMINe Pa3BUTOW ME30MOPUCTON TeKcTypold. OHU M3BIIEKAIOT U3 TKAaHEH W BBIBOJASAT M3 Op-
raHu3Ma MHUKpPOOHBIE KJIETKH, MPOJIYKTHI Pacliaja TKaHEei, TOKCHHBI, OKa3blBasi IIPOTHBOBOC-
MAJINTENFHOE W IPOTHBOOTEYHOE ACHCTBHUE.

IlepcrieKTHBHBIM METOAOM AaIlIIMKAIIMOHHOTO BO3JEHCTBUS JIEKAPCTBEHHOTO CPEACTBA
Ha MOBPEXIEHHYIO CIIM3UCTYI0 00OJIOUKY SIBISICTCS MCIOJIB30BaHUE TUIEHOK Ha OCHOBE OHO-
PacTBOPUMBIX OJIMMEPOB, TaKUX Kak nonu-N-surUNIpponuaoH (I1BIT).

MoaudunupoBanue noBepxHocTH yriepoaHoro copoenta [IBII, obnamaromum aHTH-
OaKTepuaJbHBIMU CBOMCTBaMH, NMPUBOJUT K CO3aHUIO S(P(PEKTUBHOTO aNIUIMKAIOHHOTO
copOeHTa MPOJIOHTUPOBAHHOTO ICHCTBUSL.

PazpaboTan MeToa MoanGULHPOBaHUS MOBEPXHOCTH yriiepoaHoro copbenra [1BII.

B kadectBe HMCXOHHOW MaTpuIpl OBUI HCIIOIB30BAaH TI'eMOCOPOEHT  YIIICPOJHBIN
BHUUTY-1 ¢ cymmapubiM oo6bemoM nop Vy= 0,630 CM3/F, 00beMOM Me3010P Vpeso = 0,603
oeM/ru YZCNBHOH IUIOIIA/bI0 TOBEPXHOCTH Spet = 394 MT.

Moaudukanuo npoBOAMIN, IPOMUTHIBas 00pasel; BoaHbM pacTBopoM [IBIT meTomom
BaKyyMHOM IPOIUTKH I10 BIarOEMKOCTH C MOCIeAyIomiel cyuikoi. B kauecTBe BapbUpyeMBbIX
IIapaMeTpoB OBLIM BBIOpaHBI: KOHIEHTpauus mponuTodHoro pacrsopa [IBII, Bpems mporut-
KU, TeMIIepaTypa U MPOJOJDKUTENIBHOCTD CYIIKH. B mporecce MonuduuupoBanus oopasnos
OLICHUBAIM KojuuecTBO BBeneHHOro [IBII u cHibkeHue yaenbHOW Miouiagyd MOBEPXHOCTH
HCXOJJHOTO reMocopOeHTa.

BriOpanbl ONTUMaNIbHBIE YCIIOBHS NPOMMTKH, MPH KOTOPBIX yledbHas IUIOIAJAb I10-
BEPXHOCTH CHIKaeTcs 10 160 M/T.

TIBIT xopomo pacTtBopsieTcsi B BoJe U B OMOJIOrMYecKHX >kunkoctTsax. [Ipu BynpHeo-
copOIHK MOAU(PHUKATOP MHUTPUPYET C YIICPOAHOW MOBEPXHOCTH B OHOIOTHYECKYIO Cpeay,
YTO NPHUBOJIUT K CHIKCHHIO KOJMYECTBA MHUKPOOHBIX KIJIETOK M OOpa30BaHUIO KOMILIEKCA
I1BII ¢ ux GenkoBoil 000JI0YKOM, TEM CaMbIM OKa3bIBas aHTHOAKTEPHAIBHOE U JAETOKCHKAIU-
OHHO€E JEHCTBHE.

CTeHIOBBIC MEAMIIMHCKUE HUCIIBITAHUS MOJYYEHHOro o0pasiia Mokaszaiu ero sddek-
TUBHOCTb 10 OTHOLICHHUIO K cTadmiiokokky (Staphylococcus aureus).
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A METHOD FOR SURFACE MODIFICATION OF CARBON SORBENT
WITH POLY-N-VINYLPYRROLIDONE

O.N. Baklanova'? L.G. P’yanoval’z*, O.A. Knyazheval, L.S.Petrakova'
! Institute of Hydrocarbons Processing SB RAS,
*54, Neftezavodskaya St., Omsk, Russia, 644040, e-mail:medugli@ihpp.oscsbras.ru
2 Omsk State Technical University, Omsk, Russia

Environmental problems and various diseases accompanied by accumulation of toxic
substances in the organism necessitate an alternative approach to human health care. Detoxifi-
cation of the organism is performed by the sorption therapy.

The application sorption (vulnerosorption) techniques are progressing rapidly. Carbon
sorbents with the developed mesoporous texture are employed for treatment of septic wounds
and burns. Such sorbents extract microbial cells, histolysis products and toxins from tissues
and remove them from the organism; they have anti-inflammatory and anti-edematous action.

Films of biosoluble polymers, such as poly-N-vinylpyrrolidone (PVP), are a promising
material for application of medicinal preparations on the injured mucous membranes.

Surface modification of carbon sorbent with PVP, which has antibacterial properties,
leads to creation of an efficacious application of sorbent with durable action.

A method for surface modification of carbon sorbent with PVP was developed.

Carbon hemosorbent VNIITU-1 with the total pore volume Vz= 0.630 cm’/g, meso-
pore volume Veso = 0.603 cm3/g, and specific surface area Sggr= 394 mz/g was used as a ma-
trix.

The modification included incipient wetness impregnation of a sample with an
aqueous solution of PVP under vacuum and subsequent drying. Concentration of the PVP im-
pregnating solution, impregnation time, drying temperature and time were chosen as variable
parameters. Amount of the introduced PVP and a decrease in specific surface area of initial
hemosorbent were monitored during modification of the samples.

The optimal impregnation conditions, at which the specific surface area decreases to
160 m*/g, were determined.

PVP readily dissolves in water and biological liquids. During vulnerosorption, the
modifier migrates from the carbon surface to a biological medium, which decreases the
amount of microbial cells and results in the formation of a PVP complex with their protein
membrane, thus exerting bactericidal and detoxification action.

Medical bench testing of the synthesized sample demonstrated its efficacy against Sta-
phylococcus aureus.
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PA3BPABOTKA TEXHOJIOI'HHM YCKOPEHHOI'O ®OPMHUPOBAHMUA
MOPUCTOM CTPYKTYPHI YIJIEPOJHBIX COPBEHTOB

B.M. MyxuH, A.A. Kypunkun, C.I'. Kupees
OAO «Dnexmpocmanbckoe HayyHO-NPoU3B00cmeeHHoe 0bvedunenue «Heopeanuray, 144001,
2. Onexmpocmanv Mockosckoui 06n., yn. K.Mapkca, 0.4., E-mail: neorg.el@mail.ru

Hcxonst u3 TOro, 4TO aKTUBALMSA SBISETCS IMMHUTHPYIOIISH cTaaueil moydyeHus yrie-
POIHBIX aICOpOEHTOB, OBUIM PacCMOTPEHBI OCHOBHBIC TEXHOJOTHMYECKHE, allapaTypHbIC U
KaTaJIUTUYECKUE PEIICHHUS 110 MOBBIIICHUI0 MHTEHCUBHOCTU JAHHOI CTaguu. YCTaHOBIIEHO,
YTO TEPBbIC [[BA HAIPABICHUS PEIICHUH TPEOYIOT CYLIECTBEHHOH PEKOHCTPYKIMH TEXHOJIO-
THU M JJaKe CO3/IaHME HOBBIX IPOU3BOJCTB HAa ONMCAHHBIX NPUHIUIIAX WHTEHCH(HUKAIUH, B
TO BpeMs KaK KaTalUTHYECKHE pelieHus (IIPUMEHEHHE HEOPraHW4ecKuX J100aBOK) MO3BOJIS-
10T O0CTUYb d(PeKTa COKpaLIeHHs NPOAODKUTEIBHOCTH CTaJUU aKTHBALMKU 33 CYET MOBbBI-
LIEHUsI PEAaKIIMOHHON CIIOCOOHOCTH KapOOHH3aTOB.

AHanu3 U3BECTHBIX KOHKPETHBIX TEXHOJOTHH MO BBEACHHIO HEOPTaHUYECKUX 00aBOK
B pa3yiM4HbIE THIIBl YIJIEPOJCOAEPIKALIETO CHIPbS (KaMEHHbIE YIiH, Topda, JIHUIHUH,
JIPEBECHBIC OTXOAbl M [Jp.) IMOKas3ajl, 4YTo Hauboiee MEepPCHeKTHBHBIMU 100aBKaMy,
YCKOPSIOIMMY CKOPOCTb aKTUBAIMHU U MOBBIIAIOIIUMU 00BbEM COPOUPYIOIIMX MUKpOTIOp AY,
SIBJSIFOTCSL THJPOKCUABI W KapOOHAThl Kajiusg W HATpHS IPH BBEJICHUM UX B YTOJBHO-
CMOJISTHYI0 KOMIIO3UINIO B KoJmdecTBe 1-2,5%.

[Tomy4eHs! sKcnepuMeEHTaIbHBIE 00pa3Ibl TPAHyIMPOBAHHBIX YIIIEPOAHBIX COPOEHTOB
(aKTHBHBIX YIjel) Ha OCHOBE KAMEHHOYTOJIBHOTO CHIPBSI C ONTHMAaJIbHOW IIMXTOBOW KOMIIO-
3UNUeH KaMEeHHBIN yroib : moykoke = 50 : 50 ¢ Hcrmomb30BaHHEM CMECH KaMEHHOYTOBHOM
U JIECOXUMHYECKOI CMOJI B KaU€CTBE CBS3YIOIIETO C BBEACHUEM B YTOJILHO-CMOJISHYIO 1acTy
HEOpPraHUYeCKUX 00aBOK ImapaToB okucell u kapOonaro kamus u Hatpus (KOH, K,COs,
NaOH, Na,COs).

IToka3zaHo, 4To BBECHHE JAaHHBIX HEOPraHWYECKUX J00aBOK B YTOJIbHO-CMOJISIHYIO T1ac-
Ty HO3BOJISIET YCKOPUTH (JOPMHPOBAHHE MOPUCTON CTPYKTYPBHI YIIIEPOAHBIX aCOPOEHTOB 3a
CUET KAaTaJUTHYECKOTO YCKOPEHHs pEakiuH yriepoja KapOOHM30BAaHHBIX I'PaHYN C ra3amu
aKTHBALMH U, TAKUM 00pa3oM, COKpaTHTh BpeMs akTuBauuu B 1,5-2,0 pasa.

YcraHoBieHO, uTO Hanbosee 3¢exkTHBHON HeopraHmyeckoi 1o6askoii sBisiercst KOH
IIPH €T0 BBEACHUH B YTOJIBHO-CMOJISIHYIO MACTY.
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DEVELOPMENT OF TECHNOLOGY OF ACCELERATED FORMATION OF
POROUS STRUCTURE OF CARBON SORBENTS

V. Mukhin, A. Kurilkin, S. Kireev
JSC “Elektrostal scientific and production association “Neorganika”,4, K. Marx St., Moscow
region, Elektrostal, E-mail: neorg.el@mail.ru

There are considered main technological, instrument and catalytic solutions of acce-
lerating the intensity of the stage of activation as it is the limiting stage of carbon adsorbents
production. It has been determined that the first two directions of the solutions require consi-
derable reconstruction of the technology and even the production of new plants based on the
described principles of intensification. Meanwhile the catalytic solutions (application of inor-
ganic additives) permit achieving the effect of shortening the duration of the stage of activa-
tion due to the enhancement of the reactivity of carbonators.

The analyses of known specific technologies of introducing inorganic additives into
carbon raw materials of various types (coal, peat, lignine, waste wood, etc.) showed that the
most perspective additives accelerating the rate of activation and increasing the volume of
sorbing micropores of active carbon are potassium and sodium hydroxides and carbonates
when introduced into carbon-resin composition in the quantity of 1-2,5%.

There are received experimental samples of granulated carbon sorbents (active car-
bons) on base of coal-tar raw material with optimal composition of batch mixture coal : coal
char 50:50 with the usage of coal-tar pitch and wood-chemical resin as a binder after the in-
troduction of potassium and sodium hydroxides and carbonates into carbon-resin paste (KOH,
K2C03, NaOH, Na2C03).

It is shown that the introduction of the inorganic additives into carbon-resin paste al-
lows to accelerate the formation of porous structure of carbon adsorbents due to the catalytic
acceleration of the reaction of carbonized granules of carbon with gases of activation and con-
sequently make the time of activation 1,5-2 times less.

It is determined that the most effective inorganic additive is KOH with its introduc-
tion into carbon-resin paste.

103



CHUHTE3 CEJIEKTHUBHOI'O YIJIEPOJHOI'O COPBEHTA
C 3AJAHHBIMUA XAPAKTEPUCTUKAMM

JILT. HL}IHOBal*, O.H. baknanoBa 1, A.B. CeHaHOBal, T.C. FO,HOBI/IKOBaz,
B.A. JluxonoGos', JI.T. Knoppe®
'Vupeacoenue Poccusickoti akademuu nayk Hucmumym npo6nem nepepabomku y2nesodopo-
006 Cubupcrozo omoenenusi PAH, ¥644040, yar. Hepmesasoockas, 54, Omck, Poccus
e-mail:medugli@ihpp.oscsbras.ru
2 Vupeacdenue Poccuiickoii akademuu nayk Hnemumym xumuseckoti Guonoeuu
u ghynoamenmanvrou meduyunosr Cubupckozo omoenerus PAH,
Hosocubupck, Poccus

W3BecTHO, YTO TMpU  Ppa3sBUTHU  ONpPEACNICHHBIX 3a00JIieBaHMH B  OpraHu3Me
HaKaIUIMBAIOTCS TOKCHYHBIC BEIIECTBA, UMelomuUe OenkoByto mnpupony. CosmaHue
s¢dexTuBHOrO copOeHTa ISl CreHU(UYECKOTO CBA3BIBAHHMS IATOJOTHYECKUX OENKOB
SIBIISIETCSl aKTyallbHO#M 3amaueil. BeiOop B KauecTBEe HMCXOJHOTO HOCHTEINS ME30MOPHCTOrO
YIJIEPOHOTO TreMOocOpOeHTa OOYCIIOBICH €ro YHHKaJIbHBIMH CBOWCTBAMH: XOpOILEH
COBMECTUMOCTBIO C OMOJIOTHYECKHMH JKHIKOCTSIMH M MHEPTHOCTHIO K TKAaHSAM BHYTPEHHHX
OpraHoB, a TAKXKe BBICOKOW MPOYHOCTBIO UX TPAHYJL.

Juis cienuduyeckoro B3aMMOJCHCTBHSL OMOJIOTMYECKUX MOJIEKYJ M ITOBBILIICHUS aj-
COpOLMOHHBIX CBOWCTB reMOCOpOEHTa, MPOBEACHO MOAU(PHUIIMPOBAHKUE YIIICPOAHOI MOBEPX-
HOCTH TIOJIMMEPOM MOJIOYHOW KHCJIOTBI € MOCIEAYIOLIel akTHBAIMeH KapOOKCUIIBHBIX TPYIIIT
1 UMMOOWIN3aIMel OHOJIMraH/a, CBSI3bIBAIONICTO TOKCHYHBIC BELIECTBA OEIKOBOM MPUPOJIBI
¢ oOpa3zoBaHneM OEI0K-0STKOBBIX KOMILJICKCOB.

N3yuensl (GpHU3MKO-XUMHYECKHE CBOMCTBA MOAM(HUIMPOBAHHOIO COPOCHTa COBpEMEH-
HBIMU aHAJUTHYECKUMU METOJIAMH aHAIIM3a MTOBEPXHOCTH.

IIpoBeneHHbIE CTEHAOBBIE MEIMIMHCKHE HCHBITaHUS B lleHTpanbHOH HaydHO-
nccaenoBaTebekoi  taboparopun OMCKOH TOCYAapCTBEHHOW MEAMIIMHCKOW —aKaaeMHH
(LTHWJT OMI'MA, r. OMCK) TOKa3aJIi, YTO CHHTE3WPOBAHHBIN YIIEPOAHBIN TeMOCOPOCHT 00-
nanaeT ahpGUHHOCTBIO (CENIEKTUBHOCTBIO) MO OTHOILEHHIO ONPEEICHHBIM K MaTOJIOTHYECKUM
OenKaM IU1a3Mbl KPOBH.
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CxeMa CHHTe3a CeJIEKTHBHOT'O YIJIepOHOr0 cOpOeHTa

Pabora BbINOJIHEHA NPH MOAJEPKKE MEXKIUCLUITIMHAPHOIO HHTETPALIMOHHOTO MPOEKTa
CO PAH Ne 88.
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SYNTHESIS OF SELECTIVE CARBON SORBENT
WITH SPECIFIED CHARACTERISTICS

L.G. P’yanoval*, O.N. Baklanoval, AV. Sedanoval, T.S. Godovikovaz,
V.A. Likholobov', D.G. Knorre®
! Institute of Hydrocarbons Processing SB RAS,
* 54, Neftezavodskaya St., Omsk, Russia, 644040, e-mail:medugli@ihpp.oscsbras.ru
*Institute of Chemical Biology and Fundamental Medicine SB RAS, Novosibirsk, Rus-
sia

Toxic albuminous compounds are known to accumulate in the organism during certain
illnesses. The creation of effective sorbent for specific binding of pathological proteins is a
relevant objective. The choice of mesoporous carbon sorbent as initial support is based on its
unique properties: good compatibility with body fluids, inertness toward internal organ tissues,
and high strength of the granules.

Surface modification of the carbon sorbent with lactic acid polymer followed by activa-
tion of carboxylic groups and immobilization of bioligand (which binds toxic albuminous
compounds in a protein-protein complex) makes it possible to enhance the adsorptivity and
specificity.

Physicochemical properties of the modified sorbent were studied using advanced sur-
face analysis techniques.

Medical bench testing at the Central research laboratory of the Omsk State Medical
Academy showed the synthesized carbon sorbent to possess affinity (selectivity) for certain
pathological proteins of blood plasma. L
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Synthesis scheme of selective carbon sorbent

The work was supported by interdisciplinary integration project SB RAS No. §8.
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AHAJIM3 IOPUCTOM CTPYKTYPHI YIJIEPOJHBIX AJICOPEEHTOB
CUHTE3UPOBAHHBIX TEMIIJIATHBIM METOJIOM C UCIIOJIb30BAHUEM
MOPUCTOI'O OKCHUJA AJTIOMUWHUA 11O JAHHBIM UMITYJIBCHOI'O AMP

A.C. Tlorocan®, O.K. KpaCI/IJ'ILHI/IKE)Baa, B.A. CKI/IpL[aﬁ, P.B. ApXI/IHOBﬁ,
A.A. UBanos’, E.B. Xo3una®
“Uncmumym usuvecxou xumuu u snexkmpoxuu PAH, Mockea 119071, Poccus
e-mail:logos81@inbox.ru
®Mosonsrcexuii Kasanckuii @edepansuvlii Yuusepcumem, yi. Kpemnescras, 18, Kasan,
420008, Poccuiickas ®edepayus

Metoast ummynbcHoro SIMP ncnonbp3oBaHbl [T aHAIM3a MOPUCTON CTPYKTYPHI yTiie-
POHOTrO acopOeHTa, MOMYYEHHOTO MIPH TEMIUIATHOM CHHTE3€ ¢ MCIOJIb30BAHHEM NTOPUCTOTO
MOHOJIMTHOTO OKCHJIa aJIFOMHHUSI B KaUeCTBE MaTpHUIlbl. B HacTosIee BpeMst akTHBHO pa3BU-
BAIOTCSI METO/IbI TIOJYYSHHUSI HAHOTIOPUCTBIX YIJICPOAHBIX aJICOPOSHTOB C Y3KUM pacrpeserne-
HHEM II0p, OCHOBaHHbIE Ha HAHOPEIUIMKALUHM CTPYKTYpbl Marpulbl-TeMIuiata. B pabote
BIICPBBIC B KAa4ECTBE TEMIUIATa HCIIOIb30BAH a’pOreib MOPHCTOTO MOHOJIHMTHOTO OKCHIA
amomunns (IIMOA), oOpa3oBaHHBI BOJOKHAMU aMOP(GHOT0 OKCHIA aJFOMHHHS C AHAMET-
poMm 5 uM, miaoTHOCTHIO 0.4 M u YZIeNBHOM MOBEPXHOCTBIO Spgt, NpeBbimatomeii 300-400
M/r. OKCHJ aTIOMHHHS HMIIPETHHpoBancs HepTsaueM mexoM (HIT), HCoNb3yeMbIM B Kade-
CTBE NPEKypcopa, a 3aTeM NPOBOAMIIACH KapOOHM3alMs B MHEPTHOH atmMoc(epe NpH MOBbI-
mennu Temmeparypsl 10 350°C co ckopocteio 1°C B munyty. Mcxonnas marpuna [IMOA
yaansuiack u3 nomydeHHoro kommnosuta [IMOA-IIIT pactBopenuem B ciuproBoM 1H pactBo-
pe 11en04y, IPOMbIBAHUEM BOJIOM, a30THOM M IUIABUKOBOW KHUCIOTaMM 10 HEMTpaibHOU pe-
AKIIH.

Ilo nannueiM SIM penakcanuu u camoany3uu UKIOreKCaHa, 3aMoJIHUBILETO TOPBI
nosrydeHHoro obpasua IIMOA-HII, npoBejeHa olLeHKa MapaMeTpoB IOPHCTOH CTPYKTYpBI
ajcopOenTa. Llukiorekcan UCIONB30BANICS B KaUeCTBE MPOOHOI KMIKOCTH B SKCIIEPHUMEHTAX
SIMP-kpuonopoMeTpun Ha yactore nmpotoHoB 19 MI'u. O6paser ¢ HUKIOreKCaHOM ObLI OX-
naxaeH 1o 153 K, korza nmpousoren rnpouecc ero Kpucraumsanuu B nopax. Habmonenue 3a
n3MeHeHneM curHana cBoboaHoi nHaykuuu (CCH) OT mpOTOHOB IMKIOr€KCaHa MPH Harpe-
Banuu 710 268 K ¢ marom B 1° mo3Boinino oOHApYKUTh HA4Yalo IUIABJICHUS [UKIOTEKCAHA B
Mopax MCCIeIyeMOro afacopOeHTa M MOCTPOUTH KPUBYIO IUIABICHHUS 10 W3MEHEHHMIO MHTCH-
cuBHoctd KomrnoHeHThl CCU, 3aTyxaromeil ¢ HaMMEHBIIEH CKOPOCTHIO M COOTBETCTBYOLICH
skunkocth. [IpeobpasoBanne SKCIIEpIMEHTAIBHOM KPUBOIT IITaBIEHHS IUKJIOTEKCAaHa B TOPax
ajicopOeHTa yKa3ajuo Ha CYIIECTBOBAHHME ME30IMOpP C IOCTATOYHO Y3KHM PACIIPEACICHUEM I10
pa3mepam B unTepsasie 3-6 HMm. Mcenenosana auddysus nuknorekcana B nopax IIMOA-HIT
¢ noMopio Meroa SAIMP ¢ ummnynscHbIM rpaguenToM MarautHoro noist (MI'MII) Ha uvacto-
te 'H 64 MT'L, ¢ MakcuManbHbM 3HaueHneM UTMII 30 T/M B unTepBaie BpeMeH auddysun
ot 7 no 333 mc npu temneparypax ot 303 mo 343 K. O0HapyxeHO pacnpeneneHue Ko3hhu-
IUEHTOB caMoau(dy3un MOJeKyJN LUKIOreKCaHa, CBI3aHHOE C aJcopOnueil B 30HaX ¢ pas-
JIMYHON MOPUCTOCTHIO. AHANN3 MU(GY3HOHHBIX 3aTyXaHUI CIIMHOBOTO XA MPH Pa3IUYHBIX
BpeMeHax Anddy3un oOHapyX Wl CyLIeCTBOBaHHE OOMEHA MOJIEKYJ IMKJIOreKCaHa MEXIy
30HaMH Pa3IMIHON MOPUCTOCTH, CKOPOCTH KOTOPOTO YBEIHMYHBATACH C POCTOM TEMIIEPATYPEL.
OmnpeeneHbl BpeMeHa XHU3HU MOJIEKYJI LIMKJIOTE€KCaHa B 30HE C HAUMEHBIIIEH MOABHKHOCTBIO
(123 mc), a Taxke ee NpOTsHKEHHOCTH (4.6 MkM). Pesynbrarsl skcniepumentoB SIMP kpuorno-
POMETpHHN COTTACYIOTCSI ¢ TAHHBIMM H3MEPEHHUH ancopOIyuy MmapoB BOJbI IPH KOMHATHOM
TeMIepaType u azorta npu 77K, KOoTopble MoKa3zaid, YTO MOJYUYSHHBIH YTIAEpOIHBIN MaTepHai
IIMOA-HII xapakrepu3syercst pa3BUTOH OJHOPOAHOH ME30IOPHUCTONH CTPYKTYpoll (cpeaHuii
pa3Mep Hop cocTaBiseT 3.75 HM) ¢ yAeIbHON HOBEPXHOCTHIO, paBHOH 110 ML,
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POROUS STRUCTURE OF CARBON ADSORBENTS SYNTHEZED BY
TEMPLATE METHOD WITH ALUMINUM OXIDE FROM PULSED NMR DATA
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A.A. Ivanov’, E.V. Khozina®
“ Frumkin Institute of Physical Chemistry and Electrochemistry RAS, Moscow, 119991, Russia
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Pulsed NMR methods were used for analysis of porous structure of carbon adsorbent re-
sulted from template synthesis with porous monolith aluminum oxide as a matrix. The me-
thods of producing nanoporous carbon adsorbents with a narrow pore size distribution based
on nanoreplication of structure of matrix-template are being currently developed. In present
study we used as the matrix an aerogel of porous monolithic aluminum oxide (PMAO)
formed by the fibrous of amorphous aluminum oxide with diameter of 5 nm and the density of
0.4 g/m® and specific surface, Sger> 300-400 m%/g. Aluminum oxide was impregnated by pe-
troleum pitch (PP) used as a precursor, afterwards carbonization was performed in the inert
atmosphere at heating up to 350°C with velocity of 1°C per minute. The initial matrix of
PMOA was removed from a composite PMOA-PP by dissolution in 1 H alcoholic solution of
alkali, washing by water, nitric and hydrofluoric acids up to neutral reaction.

Estimation of porous structure of the final sample PMOA-PP was preformed by using
the data of nuclear magnetic relaxation and self-diffusion of cyclohexane filled the pores of
the adsorbent. Cyclohexane was used as a probe fluid in the experiments of NMR cryoporo-
metry at proton frequency of 19 MHz. The sample with cyclohexane was cooled up to 153 K
when cyclohexane in pores was crystallized. Monitoring over the changes of signal of free
induction decay (FID) from cyclohexane protons at heating up to 268 K with a step of 1° al-
lowed to observe the beginning of melting cyclohexane in pores of the sample under study
and build a melting curve with respect of the changing intensity of the most slowly decaying
FID component corresponding to fluid. Transformation of the experimental curve of melting
cyclohexane indicated the existence of mesopores with narrow size distribution in the range
of 3-6 nm. NMR stimulated spin-echo pulse sequence with pulsed gradient of magnetic field
(PMFG) at proton frequency of 64 MHz and the maximum value of PMFG= 30 T/m was used
to study the self-diffusion of cyclohexane filled the pores of PMAO-PP in the range of time
diffusion values from 7 to 33 ms and temperature interval from 303 to 343 K. The distribu-
tion of self-diffusion coefficients of cyclohexane was found evidently caused by adsorption
the zones of different porosities. The analysis of diffusional decay of spin echo at different
diffusion times showed the existing exchange process of cyclohexane molecules between
zones of different porosities. The molecular exchange velocity increased with increasing tem-
perature. The life times of cyclohexane molecules in the zones with smallest mobility (123
ms) and their dimensions (4.6 pum) have been estimated. The results of NMR cryoporometry
experiments agreed with the data of water adsorption at room temperature as well as that for
nitrogen vapors at 77 K which showed that the carbon adsorbent PMAO-PP was characterized
by the developed homogeneous mesoporous structure (the average pore sizes is about 3.75 nm)
with the specific surface equal to 110 m%/g.
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AJCOPBIHUMOHHOE AKKYMYJMPOBAHUE KHUCJIIOPOJIA

U.A. Cvupros, A.A. ®omkus, C.B. Tloranos, A.JL. [Tynun
Hnemumym meouxo-ouonoeuueckux npooiem PAH, Mockea, Poccus
Hucmumym usuuecroul xumuu u snekmpoxumuu um. A.H. @pymxurna PAH,
Jlenunckuii npocnexm , 31, cmpoenue 4, Mockesa, 119071, Poccus,
fomkinaa@mail.ru

[Ipn co3maHuM BBHICOKORHEPTETHUECKHUX aJCOPOLMOHHBIX CHCTEMBI aKKyMYJHPOBAaHHS K
a/IcOpPOEHTY NPEebABISIETCS KOMIUIEKC TPeOOBaHMUH, CBA3aHHBIX C ONTHMM3AlMeH MOPHCTOM
CTPYKTYPbI, XUMUYCCKUM COCTOAHUEM IMOBEPXHOCTH, HACBIITHOM IJIOTHOCTBIO, TPOYHOCTBIO U
T.1. B oTinnune ot u3BeCTHBIX NPHMEHEHUH B IpoLieccax aJCcOpOLUHOHHON OUMCTKH, pa3jene-
HHS M KOHIIEHTPUPOBAHUS, I'7le 00beM MUKpPONOp Hcnoib3yercs Ha 15-30%, B ancopOImoH-
HBIX CHCTE€MaX aKKyMYJHUPOBaHUs UCIIOJIb3yeTcsl BeCh 00beM MHUKpoInop. B ¢Bsi3u ¢ 3THM no-
pHCTast CTPYKTypa JODKHA 00JIagaTh y3KHM paclpelelieHHe Mop 10 pa3MepaM, a IoBepX-
HOCTh 00JTaZiaTh BBICOKOW reTeporeHHOCThi0. [Ipn 00beMHOM 3amoONHEHUH MHUKPOIIOpP, B 00-
JIACTU CPEHUX M BBICOKUX 3aIlOJHEHUi, B ajcopOare 3a cUeT MEKMOJEKYJISIPHBIX B3aHMO-
NIEUCTBUH «ajcopbaT-ancopdary BO3HUKAIOT aCCOLHMATHI acOpOMPOBAHHBIX MOJEKYI. Jlud-
(epeHnManbHas TEIUIOTA aACOPOLUH TIPU STOM pacTeT. DTOT JOMOJHUTENIbHBIN YHEpreTHye-
CKHi 3()PEKT 1MO3BOJISIET YBEIUUUTh KOJIMUECTBO aJCOPOUPOBAHHOIO BEIECTBA B MUKPOIO-
pax. MuxponopucTbie agcopOeHTbI ¢ BBICOKOW TeTEPOr¢éHHOCTHIO MOBEPXHOCTH MHKPOIIOP
MO3BOJISIIOT 3aIlyCTUTh MEXaHHM3M acCOLMaToo0pa3oBaHUs NpU 00jee HU3KUX PaBHOBECHBIX
JIaBJIEHUAX, YeM B TOMOTI'€HHBIX aficopOeHTaXx. B cooTBeTcTBUM € TeopHel 00beMHOro 3amoil-
uenust mukpornop (TO3M) amcopOrust onpenensercsi, Kpome (GpakTOPOB IHEPTeTHUKH, TAKKE
(akTopamu eMKOCTH. AJCOPOEHT, TaKUM 00pa3oM, JOJDKEH 00JiaaTh TOCTATOYHBIM BBICO-
KHM YZIeJIBHBIM 00bEMOM MHKPOTIOP.

B pabote ncmons30Banu MUKPONOPUCTHINA yriepoausiid axcopoeHt AYK, momyuen-
HBIH ITyTeM TEPMOXMMHUYECKOTI0 BBIILETAYNBAHHMS aTOMOB KPEMHUs U3 Kapouna kpemuus SiC
B noroke xyiopa C/ npu temmneparype 1173 K [1]. CrtpykTypHO-3HEpreTHueCKUe XapaKkTepu-
ctuku 1o TO3M umenu crenyromye 3Ha4eHs: YAebHbINH 00beM Mukpomnop — W, 0.51 CM3/1“;
CTaHAapTHas XapaKTEepUCTUYeCcKasi 3Heprus ajacopbimu no o6ensony — E,= 29.0 x/[x/mMonb;
s¢dexTuBHas noiymupuaa Mukpornop — X, = 0.41 um. ITo nanuemv [2] ncxonusiii SiC nmeet
BYPLHUTONOAOOHYIO CTPYKTYpY, IO IUIOTHOCTH OJM3KYIO K IUIOTHOCTH ajiMasa. YTIepoa B Held,
I10CJIC aKTUBALlMHU, HAXOAHUTCA HE B 06bl‘{HOI\/’I reKcaroHaJibHOM KOOpAWHALMH, B reriTraroHalib-
HOI koopauHanuy. [103ToMy IIOTHOCTH afcopOeHTa B eJUHHIE 00beMa CYIIECTBEHHO BBIILE,
4eM y OOBIYHBIX aJCOPOEHTOB, MOJMy4aeMbIX Ha OCHOBE PacTHTEIBHOrO ChIpbsi. KonuuecTBo,
TaK Ha3bIBAEMBIX «BHUCSUYMX CBs3ei» B MUKpornopax ancopOenta AYK 3HauurensHo Oodblie,
a reTeporeHHoCcTh Bbie. MccnenoBana aGconroTHas aacopOLMs KHCIOpoja Ha aJcopOeHTe
AVYK B untepBasie nasnenuii ot 1 Ila go 6 MIla npu temneparypax: 177,7; 216.2; 243.2;
273.1; 313.1; 353.1; 393.1 K. IIpu 6 MIla ancop6uums mensiercs ot 4.0 nmpu 393.1 K u 1o
14.0 mmons/r ipu 177.7 K. JuddepennmanbHas MoIbHAsS H30CTEPHIECKast TEILIOTA aicopo-
uuu magaet ot 16.0 mo 10.5 x/Ix/Moib.
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ADSORPTION STORAGE OF OXYGEN
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At making the high-energy adsorption of system of a storage an adsorbent must satisfy
the complex of the demands related to optimization of a porous structure , a chemical state of
a surface, bulk weight, strength. Unlike the known applications to the processes of the adsorp-
tion water treatment, partitioning and concentrating where the volume of used micropores is
about 15-30 %, in the storage adsorption systems a whole volume of micropores is used. In
this connection the porous structure should possess both a narrow pore size distribution and
heterogeneity of the surface. At volumetric filling of micropores, in the field of intermediate
and large fillings, there are associates of the adsorbed molecules in an adsorbate due to inter-
molecular interactions «adsorbat-adsorbat». Thus, the differential heat of absorption grows.
This complementary energy effect allows to increment the amount of adsorbate in micropores.
Microporous adsorbents with high heterogeneity of surface of micropores allow to start up the
mechanism of formation of associates at lower equilibrium pressures compared to the homo-
geneous adsorbents. According to the theory of volumetric filling of micropores (TVFM) ad-
sorption is instituted, except the energetic factors, also by the factors of capacitance. Thus, the
adsorbent should possess sufficient large specific volume of micropores. Here we used the
microporous carbon adsorbent ACS obtained by a thermochemical lixiviation of atoms of sili-
con from silicon carbide SiC in a current of chlorine C/ at temperature 1173 K [1]. Structural
and energy characteristics on TVFM had following values: the specific volume of micropores
- W, = 0.51 cm’/g; the standard characteristic adsorption energy on a benzene - E, = 29.0
kJ/mol; the effective width of micropores -x, = 0.82 nm.

According to data [2] the initial SiC has wurzite-like structure, with the density close
to that of diamond. After activation of the sample carbon atoms in it are not in usual hexagon-
al coordination, but in heptogonal coordination. Therefore the density of the adsorbent in a
unit of volume is essentially more than in usual adsorbents obtained on the basis of vegetative
raw. The quantity of so-called “hanging bonds” in micropores of adsorbent ACS is much
more as well as the heterogeneity is. The absolute adsorption of oxygen on adsorbent AYK
was studied in the interval of pressures from 1 Pa up to 6 MPa and at temperatures: 177.7,
216.2;243.2; 273.1; 313.1; 353.1; 393.1 K. At 6 MIla the adsorption varies from 4.0 at 393.1
K up to 14.0 kJ/mol at 177.7 K. The differential molar isosteric heat of absorption decreases
from 16.0 up to 10.5 mmol/g.
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YIJIEPOJHBIE COPBEHTHI AJ151 N3BJIEYEHNSA NOHOB CEPEBPA
N3 PACTBOPOB
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INoBbienue 3pHeKTUBHOCTH U3BIECUEHUS ONIArOPOIHBIX METAJUIOB U3 Pa3IMUHBIX CPEJl

SIBIISIETCS aKTYaJIHBIM BOIIPOCOM JJISI IPOMBIIIICHHBIX THAPOMETAILTYPIHIECKUX IPOIIECCOB.

B HacTosiee BpeMst TeXHOJOTHs "yroyb B IyJblie" UCIOIb3yeTcs Ha OONMbLIMHCTBE 3apy-
OEXKHBIX M BKJIIOUEHA B IIPOEKTHI KPYIIHBIX 30JI0TOM3BIEKaTeNbHBIX pabpuk Poccun. OnHako
npobiaemMa MpoU3BOACTBA COPOSHTOB VISl TAKKX MPOLIECCOB OCTACTCS CBOCBPEMEHHON M aKTY-
aJbHOM.

Hamu Obu1H HOJTy4eHbl U UCCIIE0BaHbl HOBBIE YITIEPOJHBIE COPOEHTHI, OTINYAIOLINECS
MOBBIILIEHHBIMH ITPOYHOCTHBIMU CBOHCTBAMH, BBICOKOH CEJIEKTMBHOCTBIO U COPOLIMOHHOMN eM-
KOCTBIO JUISl H3BJICUCHHS] KOMIUIEKCHBIX HOHOB cepedpa U3 pacTBOPOB.

OCHOBHBIMU UCTOYHHMKAMH CBIPbS JUISL UCCIIEAOBAHUS ObIIIM KaMEHHBIC JTTMHHOIIAMEH-
HBIE YU BYX MecTopoxkaeHuii Kysuerkoro 6acceiina — yrim paspesza «CapTaku» U HIaXThl
Spocnasckoro.

B Tabmnuue 1 mpencraBieHbl XapaKTEPUCTHKU MOTYYSHHBIX YIIIEPOIHBIX COPOSHTOB.

VYraepoausie copoents J[1-/13 momydeHs! 3 IIMHHOIIAMEHHBIX yriel paspesa «Cap-
TaKu»; 00pasupl 14 — J17 nomayueHsl U3 JUIMHHOILUIAMEHHBIX yIJIeH axThl UM. SIpOcIaBCcKoro.
Tabnuna 1 — XapakrepucTuueckue napaMeTphbl yriepoaHbIX COpPOEHTOB

Brixon . VaenvHas
JeiicTs. [Ipou-
Cognepxanue JIETY4HX HOBEPX-
Oobpaser; | Ob6rap, % o IUIOTHOCTB, HOCTb,
301161, % BEILIECTB, P o HOCTb,
% T % M/r
A1 41,0 22,0 2,5 1520 61 470
J12 45,2 232 1,9 1560 61 530
13 44,6 23,8 1,8 1510 60 520
J14 40,0 11,8 4,6 1510 77 560
A5 41,5 12,1 3,8 1520 78 600
16 42,0 12,2 3,6 1480 76 610
a7 47,0 13,5 3,1 1460 83 620

Pe3ynbTaT mosdyueHus yriiepoAHbIX COPOSHTOB M3 JUIMHHOILIAMEHHBIX YIVICH MOKa3bl-
BAET, YTO JIYIINE NapaMeTpPhl 10 MPOYHOCTH, TOPUCTOCTH U COPOILIMOHHON €MKOCTH HalJIto-
JlaloTes y 00pa3loB Ha OCHOBE yriei maxtsl UM. SIpocnasckoro. O6pasiy JI7 Oblia npu-
cBoeHa mapka AJI-05-2 u oH ObLT HCIOIB30BaH IS JAIbHEHIINX HMCCICIOBAHUN COPOIHH
MOHOB METAJIOB M3 pacTBOPOB. J{JIsl IeTalbHOM OLEHKH CBOMCTB COPOLIMOHHBIX CBOWCTB ObI-
JIY TIPOBEJCHBI CPaBHUTEJIBHBIC MCCIICIOBAHHS aJCOPOIMOHHON aKTHBHOCTH YTIJIEPOJHOTO
copbenrta AJ[-05-2 ¢ copOeHTamu, IPUHATHIME HaMK 3a cTaHaapTHeie: dyramypa — copOeHT
SIOHCKOro npousBozacTBa Gupmsl “@yramypa Kemukan Munactpu” mapku TAIKO GW612B
1 copOeHTa 0TeYeCTBEHHOTO H3roToBIeHus Mapku KA/

B kadecTBe azicop6aToB MpUMEHSITH MOJIeTIbHBIC BOJHBIE pacTBOPHI nnanuaa cepedpa(l),
MIOJY4EHHOTO U3 METAJUIMYECKOro cepedpa W IMaHuIa HaTpus, kBanudukamum “x.4.”. KoH-
LEHTpAl[M HOHOB IIMaHUa cepedpa B pacTBOPAaX M MOHOB cepedpa B TBEPAOM KOHTPOIHUPO-
BaJIM METO/IAMU Ka4€CTBEHHOT'O M KOJIMYECTBEHHOTO aHAIN30B.
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CARBON ADSORBENTS TO RECOVER SILVER IONS FROM SOLUTIONS

T.Y. Afonina', V.I. Dudarev?, O.1. Randin
! Irkutsk Research Institute of Precious and Rare Metals and Diamonds,
? National Research Irkutsk State Technical University
38, Gagarina blvd., Irkutsk, 664025, e-mail: tafonina@irgiredmet.ru

The increase of precious metals recovery efficiency from various solutions is an actual is-
sue for commercial hydrometallurgical processes.

Nowadays, CIL technology is widely used by international and Russian gold plants and is
included into projects of major gold drawing plants. With reference to this, the production of
adsorbents for these processes is of current interest.

New carbon adsorbents were obtained and examined. They possess increased hardness
properties, high selectivity and silver content in the carbon phase to recover complex silver
ions from solutions.

The major raw materials sources which were studied were bituminous coal from two de-
posits of the Kuznetsky filed. The coal was taken from open-pit coal mine Sartaki and Yaros-
lavskaya mine. The properties of carbon adsorbents obtained are given in Table 1. Samples
D1-D3 were obtained from the coal of open-pit mine Sartaki. Samples D4-D7 were obtained
from the samples of Yaroslavsky mine.

Table 1. The properties of carbon adsorbents.

Yieldof |\ ootut Surf:
Outburn, | Ash content, volatile solute Hardness, urlace
Sample o o density, o area,
% % matters, 3 % >
% g/dm m°/g
DI 41.0 22.0 2.5 1520 61 470
D2 45.2 23.2 1.9 1560 61 530
D3 44.6 23.8 1.8 1510 60 520
D4 40.0 11.8 4.6 1510 77 560
D5 41.5 12.1 3.8 1520 78 600
D6 42.0 12.2 3.6 1480 76 610
D7 47.0 13.5 3.1 1460 83 620

The results achieved demonstrated that the samples from Yaroslavsky mine possess the
best hardness, porosity and silver content in carbon phase. Sample D7 was given its name
AD-05-2 and used to study the adsorption of the ions of metals from solutions.

For a detailed study on adsorption properties, comparison studies of adsorption activities
of AD-05-2 and adsorbents taken as a standard were carried out. The standard adsorbents
were Japanese adsorbent TAIKO GW612B produced by Futamura Chemical Industry and
Russian adsorbent KAD.

Silver cyanide (I) model water solutions obtained from chemically grade metallic silver
and sodium cyanide were used as adsorbates. The concentration of silver cyanide ions in solu-
tions and silver ions in the solid was controlled by qualitative and quantitative analyses.
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BOJIHOBASA COPBOCTPUKIMUA MUKPOIIOPUCTBIX MUKPOIIOPUCTBIX
YIVIEPOJHBIX AJICOPBEHTOB ITPU AACOPELIMA H-HOHAHA

A.B. llIkonuH, A.A. ®omkun, B.B. Habuymuu*
Hucemumym gpusuuecrou xumuu u snekmpoxumuu um. A.H. @pymxuna PAH
119991 Mocksa, Jlenunckuii npocnexm, 31, e-mail: shkolin@bk.ru
* Teepckoii 'ocyoapemeennwlii Texnuueckuti Ynusepcumem,
170026 Teepw, na6. Agp. Huxumuna, 22, e-mail: nabiulinvw@mail ru

[Mpu agcopOiyy MOJIEKYJI B IOpax MHUKPOIIOPHCTHIX COPOCHTOB, KAK OTBETHAS peak-
LSl TIOPUCTOH CTPYKTYpHI Ha aJCOPOILMOHHOE B3aUMOJEHCTBHE, MPOUCXOIUT AedopMmarius
TBEpAOro Telia. B AMHAMIYecKuX yCIOBUSX NpU aAcOpOLMHU MOPLHY KaKOro-IM0O0 BEIeCTBA
U3 ra3a HOCUTEJIS,, MUKPOIIOPUCTBIE aICOPOSHTHI MCTIBITHIBAIOT BOIHOOOPa3HYIO JehopMaiuio
— BOJIHOBYIO COpOOCTPHKIHIO. IIpH 3TOM XapaKTEepHCTUKU KPUBBIX BOJIHOBOIT COPOOCTPHKIINH
(BpeMs MOsIBIICHUS] MaKCUMyMa JieopMalny, ero BeJIMYUHa U Jp.), CYLHICCTBEHHO 3aBUCAT OT
k03 dunmentoB auby3uu MOJEKyI B MOPax, CTPYKTYPHO-IHEPTETUICCKUX XapaKTEPUCTUK
ajicopOeHTa U (PU3MKO-XMMHUYECKHX CBOMCTB MOJIEKY afcopoOara.

B pabore mosyueHsl BOJIHBI aCOPOIIMOHHON Ae(hOpMAMi MUKPOIIOPUCTHIX YIIepO.I-
HbIX agcopGentoB APT-1 (yaensHslil 06beM Mukporop — Wo= 0.38 cM’/r; xapakrepucTide-
cKas sHeprus aacopouuu — £= 26.3 kJlx/Moinb; 3¢ GeKkTHBHAS MOIyIIMPUHA MUKPOIIOP — Xo =
0.46 am) u AP-B (Wy= 0.26 eM/r; E = 13.6 k/Ix/Moib; xo= 0.88 HM) mpu agcopOuum H-
HOHaHA M3 MOTOKa Tra3a HocuTelns rexus. OnbITel mpoBoauan mnpu temmeparype 473 K, pac-
XO0JI€ ra3a HOCUTEINS 2 MJI/C U KOJIMYECTBE BBOAUMOrO H-HOHaHa - 0.125 mut. 1.

= 0,07
s
Puc.1. BonHoBas copOocTpuKIus 0,06 - 2
MHKDPOIIOPHUCTBIX ~ YIJICPOJHBIX  aJ- 0,05
copbenroB 1- APT-1, 2 - AP-B npu 004 |
aJicopOLMu H-HOHAHA.
0,03 +
1
0,02 +
001 1
0 : : : : : ‘
0 1000 2000 3000 4000 5000 ¢ 6000

W3 puc.l. cienyer, 4TO BOJHBI COPOOCTPUKLMH MMEIOT MaKCUMYMBI, CYILECTBEHHO
pasiMyaronyecs 1o CTeNeHH BBIPaKEHHOCTH. [10CKONbKY afcopOEHThI HMEIOT OJHY U TY K€
XHUMHYECKYIO IPHPOLY, TO TIaBHBIMH (haKTOpaMH, ONPEACISIONIMMH OTINYHE B KPUBBIX, SIB-
JISIIOTCS Pa3iIM4us B CTPYKTYPHO-9HEPIeTHUECKUX XapaKTePUCTUKAX aJICOPOCHTOB

BennunHbl MakcuMaIbHON JIMHEWHOH fedopmannu st ancopoenros APT-1 u AP-B
coctaBmwin cootBeTcTBeHHO 0.02 1 0.07 %, a Bpemsl BbIX0/1a Ha MAKCHMYM COPOOCTPHKIIMH -
400 u 2400 c. OTinuus B MakCHMalbHBIX BEIMYMHAX Je(opMaluyl CBS3aHbl PA3THYUIMHU
MEX]y MOJYJISIMH BCECTOPOHHETO CXATUS 3THX aJCOPOEHTOB, KOTOPbIE OMPENEISIOTCS METO-
JIOM CHHTE3a MOPHCTOIN CTPYKTYpPBhl U XUMHYECKUM COCTABOM HCXOJHOTO I CHHTE3a IpO-
JyKTa. 3aMe/UIeHHe BbIXO/Ia BOJIHBI COPOOCTPUKIMU HAa MakcUMyM y aacopbeHra AP-B mo
cpaBHeHuto ¢ APT-1 cBunerenscTByeT o 6osee Hu3koM ko3 duiuente 1uddy3un H-HOHaHA
B €r0 MOPHCTOI CTPYKType, HECMOTPsS Ha TO, uTo ajgcopbeHt AP-B mmeer Gonee mmpokue
nopsl. 3aHwkeHHbIH kodpdunuent auddys3un Hauboaee BEpOSTHO CBA3aH C XUMHEH I10-
BEPXHOCTH ajicopbeHTa AP-B, a Taxke MeHee pa3BUTOH CTPYKTYpOH TPaHCIIOPTHBIX 10D, YTO
CIIeAlyeT U3 aHan3a PaBHOBECHBIX M30TepM ajacopOuuu Oerszona na AP-B u APT-1.
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WAVE SORBOSTRICTION CARBON MICROPOROUS SOLIDS UNDER
ADSORPTION OF N-NONANE

A.V. Shkolin, A.A. Fomkin, V.V. Nabiulin*

Frumkin institute of Physical Chemistry and Electrochemistry Russian Academy of Science,
Leninskii pr., 31, Moscow, 119991, Russia, e-mail: shkolin@bk.ru
* Tver State Technique University,
A.Nikitin embankment, 22, Tver, 170026, Russia, e-mail: nabiulinvw@mail.ru

In the adsorption in the microporous adsorbents the solid adsorbents are deformed as a
response of the porous structure to the adsorption interaction. Under dynamic conditions dur-
ing the adsorption of the portion of any substance from the carrier gas, the microporous ad-
sorbents experience a wave-like deformation — a wave sorbostriction. The characteristics of
the wave curves sorbostriction (i.e. the time of maximum deformation, its magnitude, etc.)
depend significantly on the diffusion coefficients of molecules in the pores, structural and
energy characteristics of the adsorbent, and physical and chemical behaviors of molecules of
adsorbate.

In this paper the adsorption wave deformation of microporous carbon adsorbents
ART-1 (specific volume of micropores - Wy = 0.38 cm’/g, the characteristic adsorption energy
- E = 26.3 kJ/mol; effective half-width of micropores - xo = 0.46 nm) and AR-V (W, = 0.26
em’/g, Eo = 13.6 kJ / mol, xo = 0.88 nm) are observed in the adsorption of n-nonane from the
stream of carrier gas helium. The experiments were conducted at 473 K, carrier gas flow rate
was 2 ml/s and quantity of input #n-nonane — 0.125 ml. 1.

® 0,07
. . .3
Figure 1. Wave sorbostriction of mi- 0,06 - 2
croporous carbon adsorbents 1 - 0,05 1
ART-1, 2 - AR-V under adsorption 004 |
of n-nonane.
003 1
1
002 1
0,01 4
0 T T T T T 1
0 1000 2000 3000 4000 5000 ¢ ¢ 6000

From fig.1, it follows that the sorbostriction waves have maxima significantly differ-
ent from each other in intensity. Since the adsorbents have the same chemical nature, the main
factors determining the difference in the curves are the differences in structural and energy
characteristics of adsorbents.

The maximum linear deformation of adsorbents for ART-1 and AR-V were equal to
0.02 and 0.07%, respectively, and the time to maximum sorbostriction — 400 and 2400. Dif-
ferences in the maximum values of deformation are related to the differences between the
bulk modulus of these adsorbents, which are determined by the method of synthesis of porous
structure and chemical composition of the source for the synthesis of the product. Slowdown
of attainment of the maximum of wave sorbostriction in the adsorbent AR-V as compared to
ART-1 indicates a lower diffusion coefficient of n-nonane in its porous structure, despite the
fact that the adsorbent AR-V has larger pore sizes. Underestimated values of the diffusion
coefficient is most likely associated with the chemistry of the adsorbent surface AR-V as well
as with less developed structure of transport pores, as it follows from the analysis of the equi-
librium adsorption isotherms of benzene in AR-V and ART-1 adsorbents.
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AJICOPBIIMA TOKCHYECKHUX BEHIECTB YIVIEPOJHBIMU COPBEHTAMMU

M.I'. UcmannoBa
Vsbexckuil nayuno-uccredosamensckuti Xumuko-ghapmayeemuyeckuil UHCmumym
um.A.Cynmanosa, 100125, V36exucman, 2. Tawkenm, yu. Jypmon tiynu,40,
E-mail: mokhisha@rambler.ru

Bnaronapst cBoeli BBICOKOI afcopOupyoLiell ClIocCOOHOCTH U OOJBIION TOBEPXHOCTHOM
AKTUBHOCTH aKTUBHPOBAHHBIC YIIIH HIMPOKO MPUMEHSIOTCS KaK B 9KCTPEHHON MEIUIIMHE, TaK
1 KOHCEePBAaTHBHOW TEpaNuM MPHU JICYSHUH JeCSITKOB 3a00JIeBaHUI.

Haumeit nienbio SIBUJIOCH MOJTy4YeHHE AKTUBMPOBAHHOTO YIUISL U3 CKOPIYIbI (PPYKTOBBIX
KOCTOYEK C Pa3BHTONH MHUKPO- M ME30IOPUCTONW CTPYKTYpOW M HCCIICIOBAHUE €T0 (PH3HMKO-
XUMHMYECKHUX XapaKTEPUCTHK M COPOLMOHHOI CIIOCOOHOCTH 10 OTHOILIEHHIO K PSITY TOKCHYe-
CKUX MeTabOJIMTOB.

AKTHBHPOBAHHBIN YroJb MONYYaId IMyTeM KapOOHH3ALUK CKOPIYIIBl KOCTOYEK, Jallb-
HeHIel akTHBAalluy NPU COOTHOIIEHUH BOASHOM map: yraepon = 5:1 u reMuHepanuzanuen 8-
10% a3otHO# kucnoTol. [TomydeHHBIH Ipu 3TOM yroiib 00afaeT CleIyIONUMHI XapaKTepH-
crukamu: Vy=0,92 CM3/I‘; Sy= 1050 MZ/F; AC no meruineHoBoMy cuHemy = 240 mr/r. danee
MPOBOIMIIN M3YYEHHE COPOLMH TaKMX TOKCHYECKHX META0OJIHUTOB KaK CPEAHEMOJIEKYIIIPHbIC
OJIMTOTIETITH/IBI, MOYECBHHA, KPEATHHUH U OWINpPYOUH.

JluHamuka copOuun psia MeTabOJIMTOB U3 TOHOPCKOI MIa3Mbl

TToka3zaTenb Hcxonnbrit 30 MuH 60 MuH 120 mun
YpOBEHb
CpeHeMOJIeKy IS pHBIC 0.07 +0.07 0,04 + 0,009 0,04 + 0,004 0,046 + 0,04
OJIMTONENTHABI, YCII.El. = P<0,001 P<0,001 P<0,001
OO6muit 6ok, /1 77,7+ 4,1 75,6+1,4 77,7 42,5
797228 ps P=0.5 P=0.5
MoueBuHa, MOJIL/JI 3,03+ 0,44 3,30+0,54 3,40 + 0,45
46120311 p0,05 P<0,05 P<0,05
KpeaTuHuH, MKMOJIB/JT 225463 15,3 +4,6 10,3+3,2 75+3.2
= P<0,05 P<0,01 P<0,001
BunupyOun, MKMOJIB/JIT 190 + 5.6 120 + 8,9 110+ 7,2 120 +2,3
-7 P<0,01 P<0,01 P<0,01
Harpwii, M3KkB/1 154 + 12 153+ 11 152+ 10
72107 pogs P<0.5 P<0.5
Kammit, Maks/11 11,2 +1,2 11,4+1,7 11,1 +1,2
8213 1 pos P>0.5 P>0.5

P — nocToBepHOCTH OTHOCHTENILHOTO HCXOJHOTO YPOBHS.

INony4yeHHsle faHHBIE JOKa3au, 4yTo copoeHT AY-K obnamaer BbIpaKEHHBIMH COPOLIH-

OHHBIMHM CBOWCTBAMH OTHOCHUTEIBHO OCHOBHBIX IIPOAYKTOB KaTaGOJ’II/ISMa, TIIpU 5TOM HE JJIH-
MUHUPYET U3 IJIa3Mbl HECTOKCHYHBIC KOMIIOHCHTBI, HCOGXOI[I/IMLIG JJIA HOpMaJ'ILHOﬁ JKU3HEC-
ACATCIIbBHOCTH OpraHnu3ma.
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ADSORPTION OF TOXIC SUBSTANCES BY CARBON SORBENTS

M.G. Ismailova
Uzbek Scientific Research Chemical-Pharmaceutical Institute, 40 Do 'rmon yo'li
Str., Tashkent, 100125, Uzbekistan.
E-mail: mokhisha@rambler.ru

Due to high adsorption capacity and high surface activity, activated carbons are widely
used in emergency medicine as well as in conservative therapy in the treatment of dozens of
diseases.

Our goal was to obtain an activated carbon from the shell of fruit pits with developed
micro-and mesoporous structure and to study its physical and chemical characteristics and
sorption capacity against a number of toxic metabolites.

Activated carbon was obtained by carbonization of the shells of fruit pits, further water
steam activation (at a ratio of steam to carbon=>5:1) and demineralization by 8-10% nitric acid
solution. The obtained coal has the following characteristics: Total volume of the pores, Vy=
0,92cm’/g; Surface area, S =1050 m?/g; Adsorbtive ability by methylene blue, A=240 mg/g.
Then, the study of the sorption of such kinds of toxic metabolites like medium-molecular oli-
gopeptides, urea, creatinine and bilirubin was carried out.

Dynamics of sorption of a number of metabolites from donor plasma

Indicator Baseline 30 min 60 min 120 min
z’llf‘i)‘u;n‘t‘il(’iziecular 0074007 | 00450009 | 00450004 | 0.046 0,04
gopephides, D P<0,001 P<0,001 P<0,001
conv.un.
Total protein, g/1 77,7 +4,1 75,6+1,4 77,7 £2,5
97+28 P=0,5 P=0,5 P=0,5
Urea, micromol/l 461+031 3,03+0,44 3,30+0,54 3,40+ 0,45
HLI P<0,05 P<0,05 P<0,05
Creatinine, mmol / 1 15,3 +4,6 10,3+3,2 7,5+3.2
22,5163 P<0,05 P<0,01 P<0,001
Bilirubin, mmol /1 190 + 5.6 120+ 8,9 110+7.2 120+2,3
x> P<0,01 P<0,01 P<0,01
Sodium, mequiv/ 1 154+ 12 153+ 11 152+ 10
1572107 P<0.5 P<0.5 P<0.5
Potassium, mequiv /1 | || ¢\ | 3 112+12 14+1,7 LI+1.2
SIh P>0,5 P>0.5 P>0,5

The data obtained proved that the sorbent AU-K has pronounced sorption characteristics
against the main products of catabolism, while does not eliminate non-toxic components from
plasma which are necessary for normal functioning of the body.

115




M3YYEHUE IAPAMETPOB NOPUCTOM CTPYKTYPbI MEJUIIMHCKUX
AKTUBUPOBAHHBIX YIJIEN

M.I'. UcmannoBa
Vsb6exckuii nayuno-uccredosamensckuti Xumuko-gapmayesmuueckuil UHCmumym
um.A.Cynmanosa, 100125, Vsbexucman, e. Tawxenm, ya. /[ypmon ityau,40
e-mail: mokhisha@rambler.ru

Heo6x0auMOCTb CO31aHUs YHUBEPCAIBLHOTO MEIUIIMHCKOTO COPOCHTA CEJICKTHBHOTO HE
TOJIKO TIO OTHOIIEHHIO K TOKCHHAM C HU3KOH MOJIEKYJISIPHON Maccoil, HO M K CPETHEMOJIEKY-
JISIPHBIMOJIUIONIENTUAAM, SBJIAIOIIUMCSA OCHOBHBIMH MapKepaMu HWHTOKCHKAlWH, CTaBUT 3a-
Jady TorydeHust AY ¢ pa3BUTOM MHUKpO- H ME30IIOPUCTOH cTpykTypoil. [TosToMy, B mpouecce
pa3paboTKU TEXHOJIOTHH YTIEPOAHOTO 3HTepocopOeHTaAY-K Hamu ObLIM M3y4eHBI BO3MOK-
HOCTb BapbHPOBAaHHS €ro IOPUCTOH CTPYKTYypod B 3aBUCHMOCTH OT YCJIOBHIi IOTy4YeHHUs Ha
CTaausIX KapOOHM3ALNK U aKTHBAILIUH, & TAKXKe ero 3()(EKTHBHOCTD, MOATBEPKIAIOIIASCS KaK
(DU3MKO-XUMUUECKUMH, TaK U (HapMAKOJIOTMYECKMMHM M KIMHMUYECKMMH HCIBITaHUAMH. Tak
OBLIU OIYYeHBI 00pa3Lbl COPOCHTOB C Pa3IMYHBIMU CTEICHAMH O0rapa.

O xapakrepe nopuctoii ctpykTypsl AY-K cyaunu mo u3oTepmMaM paBHOBECHOM aj-
COpOLIK IapOB BOBI U GeH301a mpy Temieparype 293 K (20°C), u3MepeHHbIX Ha ancopOuu-
OHHOH BBICOKOBaKyyMHOH YCTaHOBKE BECOBBIM METOIOM B MHTEPBAJIC OTHOCUTCIBHBIX HaB-
nennit ot 10 10 1.0 (06pasits! mpeBapHTENBHO BaKyyMUpoBamu npr 673 K 10 ocTosHHOrO
Beca), a TaKXKe 10 U30TepMe azcopOiun a3oTa mpu temmeparype 77,4 K na npubope pupmsi
QuantachromeLANA-200 (CILA).

Tabmunal.
IToBepxHOCTHBIE U 0OBEMHBIE XapakTepucTuku copbentoB AY-K mo azory

CopbeHT SBET, Mr Vs, oM/t Vi, oM/t W, oM/r

1,6 aM<r<157,4 am
KapOoHnwusar 370 0,36 0,15 0,21
AV-K co crenenbio 635 0,73 0,257 0,399
akTuBaiuu 50%
AV-K co crenenpio 1050 0,92 0.46 0.63
aktuBanuu 70%

Tabnuma 2.
PesynbraTel nopomerpryeckoro ananusa AY-K mo ancopOumu a3ora
CopbenTt Rep R mop, HM Ionymmpuna | DHeprus Smi,
MHKPO- o 1o MHKpOIIOp, | aacopOiuu, M/r
1op, HM | ancopbuuu | aecopOiuu HM k/J[x/Moub
AY-K 1,257 1,533 1,933 0,6709 19,376 712,181

W3 npecTaBiIeHHBIX JaHHBIX BUAHO, YTO IOJYYSHHbBIC YIIIEPOAHbIe COPOCHTHI obana-
FOT Pa3BUTON MHUKPO- U ME30IOPUCTOH CTPYKTYpoil. X 3 peKTHBHOCTH B COPOIMU HU3KO- U
CPEIHEMOIICKYJIIPHBIX TOKCHHOB MOATBEPANIACH Pe3yabTaTaMi (papMaKOIMIECKUX HCCIIEI0-

BaHUU.
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ANALYSES OF MEDICAL ACTIVATED CARBONS’ POROUS STRUCTURE
PARAMETERS

M.G. Ismailova
Uzbek Scientific Research Chemical-Pharmaceutical Institute, 40 Do rmon yo’li Str.,
Tashkent, 100125, Uzbekistan, E-mail: mokhisha@rambler.ru

The necessity to create an all-purpose medical sorbent that is selective not only in rela-
tion to toxins of low molecular weight, but also to medium-molecular oligopeptides, which
are the main markers of intoxication, raises the problem of obtaining AU with advanced mi-
cro-and mesoporous structure. Therefore, in the process of carbon enterosorbent AU-K tech-
nology development the possibility of its porous structure variation depending on the condi-
tions of the carbonization and activation stages, and also its effectiveness, proved by physico-
chemical, pharmacological and clinical testing were studied by us. Thus, samples of sorbents
with varying burn off levels were obtained.

The nature of AU-K-porous structure was judged by the isotherms of equilibrium ad-
sorption of water and benzene vapors at 293 K (20°C), measured on a high-vacuum adsorp-
tion installation by weighing in the range of relative pressures from 10 to 1.0 (samples had
been previously evacuated at 673 K to constant weight), as well as by isotherm of nitrogen
adsorption at 77.4 K on Quantachrome LANA-200 company’s apparatus (USA).

Table 1.
Surface and volumetric characteristics of the sorbents AU-K by nitrogen
Sorbent SBET, MT Vs, cm3/g Vi cm3/g W, cm3/g
1,6 nm<r<157,4 nm
Carbonizate 370 0,36 0,15 0,21
- 1 0, -
AUK with 50% de- | 5 0.73 0.257 0.399
gree of activation
- 1 0, -
AU with 70% de-| 45 0,92 0.46 0.63
gree of activation
Table 2.
The results of AU-K pore-metric analysis by nitrogen adsorption
Sorbent Ry, R pores, nm half-width of | Adsorption Snis
micropores, on on micropores, energy, m%/g
nm adsorption | desorption nm kJ/mol
AU-K 1,257 1,533 1,933 0,6709 19,376 712,181

From the represented data it can be seen that the carbon sorbents obtained have a de-
veloped micro- and mesoporous structure. Their effectiveness in the sorption of low- and me-
dium weight toxins was proved by the results of pharmacological studies.
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HCIOJIb30BAHUE HE®GTEKOKCOBBIX YIVIEPOJHBIX COPBEHTOB JIJIA
U3BJIEYEHMUSA BJIATOPOJHBIX METAJIJIOB

JI.M. O3H00OuxuH, JI.A. Munaesa, O.A. Kongakosa, B.11. /lynapes
Hpkymckuil 2ocyoapcmeennbiii mexHudeckuil yHugepcumem
664074 , 2. Upxymck, ya. Jlepmonmosa, 83, men.(3952)405-763,
e-mail: vdudarev@mail.ru

Hedrb 1 nponykTsl ee nepepaboTku: HEQTSIHbIE CMOJIBI, OUTYMBI, KOKCHI COCTABIISIIOT
3HAYMUTEIbHBIE YTIIEPOACOACPIKALME PECYPCHI, KOTOPbIE MOTYT OBITh HCHOJIB30BAHBI IS MO-
JIy4eHHUsI YIIIEPOAHBIX COpOeHTOB. X KauecTBO M XapaKTEPUCTHKUA MOXKHO M3MEHSTH C I0-
MOIIBIO TOCTYIHBIX CPEACTB M MAaTEPUAOB, YTO OTKPHIBAET LIMPOKHUE MEPCHEKTHBBI HX MO-
IUGUIMPOBAHNS U TAIBHEHIIIErO HCIIOIB30BAHMSL.

Hamu pa3zpaboraHbl IpHHIMNHANBHAS CXeMa IMOJYYCHHS YIIICPOIHBIX COPOCHTOB U
COOTBETCTBYIOIAsl TEXHOJIOTHS UX MPOM3BOJACTBA. C MCIIONB30BAaHUEM MOJIYYEHHOT'O 110 TOMH
TexHonoruu copdenra UIN-C uccnenoBana copbuus 3010Ta U cepebpa. CpaBHeHHE copO-
IIHOHHOI €MKOCTH [0 OTHOLICHUIO K IHAaHUCTOMY KOMILIEKCY 30J0Ta U MEXaHUYECKOH Ipod-
HOCTH HA UCTHPAHHE M3BECTHBIX aKTHMBHUPOBAHHBIX YIVICH U MOIYYEHHBIX aBTOPAMHU YIIIepo.I-
HBIX COPOEHTOB Ha OCHOBE HE(PTSHOTO KOKCa IMO3BOJIMIO TOJIyYHUTh ClIeyonye AaHHbie: A/l
— 8,0-8,5 mr/r u 85-87 %; TAIKO CW 612 B “@yramypa” — 12,0-12,5 mr/r u 90-92 %;
UIIN-C — 10,0-10,5 mr/r u 92-95 %. 3anumas npoMexyToyHoe mnonoxeHue mexay Al u
“dyramypa” 1o 3HaueHUsM ancopObunoHHoi emxoct, WIIN-C umeer myumme rnokasarenu
MeXaHH4YeCKoil mpo4yHocTH. Pacuer sHeprum akTuBauuu agcopbumu Ha aacopbdbenre UITN-C
JIaeT 3HAYCHUS JUIS 30JI0TOLMAHUCTOrO MOoHa paBHOe 9,62 kJ[x/Moinb, a amst cepeOpoiuaHu-
croro noHa - 10,19 xJx/mMonb. MozsenpoBaHue MeXaHu3Ma COPOLIMOHHOTO U3BJIEUEHHUS MO-
3BOJISIET CUMTATh HauOoJee BeposTHOH BHyTpuanddy3noHHywo mozpens agcopbumu UITN-C
LIMAaHUCTBIX KOMIIJIEKCOB 30JI0Ta U cepebpa.

st necopbuun OnaroponHsix MeramuioB u3 copoenra UITN-C sddextuen menounoi
pacTBop ruapokcuza Hatpus. KoHCTaHTBI CKOpOCTH ecopOIMH UMEIOT HauOOoIbLINe 3HAYe-
HHS TIPH BBICOKOH Temmeparype - 95 °C. PereHepanus yriepoaHoro copbeHTa IpoTeKaeT yc-
MENIHEE NPH BBICOKOTEMITEpaTypHOi aktusaiuu (mpu 600 °C), a Taroke npu 06paboTke cop-
OeHTa pacTBOPaMH MUHEPAIILHBIX KHCIIOT ¢ KoHIeHTpauusamu 0,5 - 10 %.

HUcnbitanus yraepoanoro copoenta UIIM-C B NpOMBIIIIEHHBIX MaciITadax MmoaTBep-
JIAJIA BO3MOYKHOCTB €TI0 MCIIOJIb30BAHMS ISl M3BJICUCHHS 30JI0TA M3 MYyJIBIBL. B TeXHOIOrHU
“yroip B IMyJbIle” TMpU MOTOKE MybIbl 40 M4 u YOETbHONH Harpyske 5-8 g emKocTb aj-
copbenra cocraBmia 1,4 mr/r. IIpi 3TOM KOHLIEHTpalHs 30J10Ta B MCXOJHOM MyJsbne Oblia
0,75 Mr/m; B XBOCTOBBIX pacTBOpax — 0,01 mr/n. O6mue norepu copOeHTa BEI3BaHBI OTHOCH-
TEJILHO IIMPOKUM CHTOBBIM COCTAaBOM HAapTHH aJcOpOSHTOB. ABTOKIaBHAs JIeCOPOLUS MTO3BO-
JISIT MPAaKTHYECKU MOJHOCTBIO JIECOPOMPOBATH 30JI0TO C HACHILIEHHOro ancopbenta. CopO-
nuonHsle nokasarenu UITH-C coxpanstores B 10-HUKIOBOM pexuMe COPOLMU-1eCOpOLHU.
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THE USAGE OF PETRO-COAL CARBONIC ADSORBENTS
FOR RECOVERY OF RARE METALS

L.M. Oznobykhin, L.A. Minaeva, O.A. Kondakova, V.I. Dudarev
National Research Irkutsk State Technical University
83, Lermontov str., Irkutsk, tel.: (3952)405-763
e-mail: vdudarev@mail.ru

Petroleum and its treatment products such as petroleum resins, liquid bitumens, and
coals are key carbon-bearing resources that can be used to make carbonic adsorbent. Their
quality and characteristics can be changed by all available means, what opens the prospects of
their usage and modification in the long run.

We have developed both a principal flowsheet to produce carbonic adsorbent and ap-
propriate production process. Gold and silver sorption has been investigated with usage of the
adsorbent, which was made according to that production process. Comparison of adsorption
capacity with gold cyanide complex and mechanical hardness for abrasion of popular absor-
bent carbons, and carbonic adsorbents obtained by authors on the basis of coal has given the
data:

AD — 8.0-8.5 milligrams per gram and 85-87%;

TAIKO CW 612 B Futamura — 12.0-12.5 milligrams per gram and 90-92%;

IPI-C — 10.0-10.5 milligrams per gram and 92-95%.

IPI-C has the best indicators of mechanical hardness, getting intermediate position between
AD and Futamura according to their adsorbability indicators. Energy of adsorption is calcu-
lated as 9.62 kilojoules per mol for gold cyanide ion and 10.19 kilojoules per mol for silver
cyanide ion on adsorbent IPI-C. Modelling the adsorption recovery makes more possible to
consider a IPI-C interdiffusion and adsorption model of gold and silver cyanide complexes as
most probable.

Basic solution of caustic soda is effective for desorption of rare metals from UITU-C ad-
sorbent. Constants of desorption rate are the highest when temperature is high enough (95 de-
grees centigrade). Regeneration of carbonic adsorbent is more successful when there is high
temperature activation (600 degrees centigrade), and also when adsorbent is processed by so-
lution of inorganic acids with concentrations equal from 0.5 to 10%.

Testing the carbonic IPI-C adsorbent on a commercial scale has proved its
appropriateness for gold recovery from pulp. Capacity of adsorbent is 1.4 miligrams per gram
in a carbon-in-pulp technology upon conditions: through flow in pulp is 40 m*h, and load
bearing capacity is 5-8 hours™. In this case, the concentration of gold in the initial slurry was
0.75 mg/L and in the tailings solutions was 0.01 mg/L. POX desorption allows gold to be ful-
ly desorbed from the loaded adsorbent. Adsorption values IPI-C are maintained during 10
cycle mode of adsorption-desorption.
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AJICOPBIUA METAHA HA MUKPOIIOPUCTOM YIJIEPOJHOM
AJICOPBEHTE AY-2 IIPU HU3KUX TEMIIEPATYPAX

E.M. Crpmxenos, A.A. XKepnes, A.A. ®omkun*, A.B. HIkonuu*.
Mocrosckuil cocydapemeennulii mexnudeckuil yHusepcumem um. H.D.baymana, 105005, Mo-
ckea, 2-1 baymanckas yn., 0.5. E-mail: Strizhenov@list.ru.
*Uncmumym usuueckoi xumuu u s1exmpoxumuu um. A.H.@pymxuna PAH, 119991, Mock-
6a, Jlenunckuii npocnexm, 31.

INepexon oT He)TU K UCIIONB30BAHUIO APYTHX BHIOB TOIUIHBA — OJHA M3 CAMBIX aK-
TyaJIbHBIX COBPEMEHHbIX IpobieM. Cpean KOHKYPEHTHBIX BHJIOB TOILUIMBA OCOOEHHOE MECTO
3aHMMaeT MeTaH, Kak HanOojee NOCTYIHBIH, JeeBblil U OTHOCUTEIBLHO KOJIOTMYECKU YHC-
THIH BUJ TOIUIUBA. ANCOPOLIMOHHBIE CHCTEMBI XPaHEHHs METaHa OTJIMYAIOTCA Oojee HU3KUM
JIaBJIEHHEM 3alpaBKU, XPaHEHMS U MOBBILIEHHOHW IOXapo- U B3PHIBOOE3ONACHOCTHIO, MO-
CKOJIIbKY OOJbINas 4acTh TOIUIMBA XPAaHUTCA B aJCOPOMPOBAHHOM COCTOSHHH. AJCOPOLUS
MeTaHa CyLIECTBEHHO 3aBHCHT OT TEMIIEPATyphl. Y MEHbILICHHE TEMIIEPAaTyPhl IOHMKAET CKO-
POCTb eCOPOLIMU U YBEIUYUBACT JIONIO aJCOPOMPOBAHHOIO ra3a B o0LIEeM 00beMe CHCTEMbI
XpaHeHus. B paboTe, B KauecTBe CHCTEMbI XpPaHEHHMS, PACCMAaTPHBAETCS BO3MOMKHOCTH HC-
0JIb30BaHUsI MUKPOIIOPUCTOIO YIJIEPOJHOTO ajgcopOeHTa AY-2 mys akKyMyJIMpOBAHHS Me-
TaHa [PU NOHWKEHHBIX TEMIIepaTypax U HU3KUX JaBICHHUAX. XapaKTePUCTUKH HCCIELyeMOro
azncopGenra onpenenennsie mo TO3M: 06beM Mukporop 0.56 cM’/T, HOTYIHPHHA MEKPOTIOP
0.63 HM, XapakTeprcTHuecKas sHeprus mo 6enzony 19.1 x/x/monb. Ha puc.l mpeacraBieHs
n3orepmsl agcopbuun CHy Ha MUKPONIOPUCTOM YIIIepOAHOM afcopOeHTe AY-2, noayueHHbIe
00BEMHBIM METOZIOM.
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Kak cienyer u3 puc. 1., Bce H30TepMbl IMEIOT BBITYKJIBIA BUJI, aJICOPOLINS PACTET C
MOHWKEHUEM TEMIIEPATYPhI M C YBETHYCHUEM JIaBICHHS.

Takum 00pa3om, co3raHue MOOMIBHBIX aKKyMYJISITOPOB METaHA HAXOIIUXCS MPU
OTPHLATENIFHBIX TEMIIEpaTypax MO3BOJIHUT CYLIECTBEHHO NOHU3WUTH JIABJIICHUE XPAHCHHUS U 3a-
NpaBKH, PU JIOCTHKECHUHU 33JaHHOTO KOJHMYECTBA 3allaCCHHOI0 METaHa, JUOO CYIIECTBEHHO
YBEJIMYUTH €ro KoiauuecTBo. [Ipy 3TOM MmoHMKEHHE TeMIepaTypbl 10 00JIaCTH HUXKE KPUTH-
YECKOH TeMIepaTypbl MeTaHa ITO03BOJIUT JOCTHTHYTh MaKCHMAaIbHOH 3(QEeKTHBHOCTH IpH
Manbix gapneHmsx (1...2 MIla).
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METHANE ADSORPTION ON MICROPOROUS SOLID AC-2 AT LOW
TEMPERATURES

E.M. Strigenov, A.A. Zherdev, A.A. Fomkin*, A.V. Shkolin *
Bauman Moscow State Technique University, 2-nd Baumanskaya, 5, Moscow, 105005, Russia,
e-mail: Strizhenov@list.ru.
* Frumkin institute of Physical Chemistry and Electrochemistry Russian Academy of Science,
Leninskii pr., 31, Moscow, 119991, Russia.

Transition from oil to the other types of fuel is one of the most pressing modern
problem. Among the competitive fuels methane occupies a special place as the most accessi-
ble, cheap and relatively ecologically pure fuel. Adsorption systems of methane storage dis-
tinguish by more low-pressure filling, storage, and increased fire and explosion danger, as
most part of the fuel is stored in the adsorbed state. Adsorption of methane depends on the
temperature significantly. Reducing the temperature leads to the decrease of the rate of de-
sorption and increase of the amount of adsorbed gas in the total amount of storage. This work
considers the possibility of using a microporous carbon adsorbent AC-2 as the storage system
for methane at low temperatures and low pressures. Characteristics of the adsorbent deter-
mined by TMWF are: specific micropore volume of 0.56 cm®/g, micropore half-width of 0.63
nm, the characteristic energy of benzene of 19.1 kJ/mol. Fig.1. shows the adsorption iso-
therms of CH4 on the microporous carbon adsorbent AC-2, obtained by the volumetric me-
thod.
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As it can be seen from Fig. 1, all the isotherms have a convex form, the adsorption
increases with decreasing temperature and with increasing pressure.

Thus, the creation of mobile accumulator of methane at low temperatures will signif-
icantly reduce the pressure storage and filling at attainment of a given number of stored me-
thane, or increases its amount. At the same time lowering the temperature below the critical
temperature of methane allow to attain the maximum efficiency at low pressures (1 ... 2 MPa).
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SYNTHESIS AND STUDY OF POROUS STRUCTURE, ADSORPTION
PROPERTIES AND APPLICATION OF NEW STONE-ACTIVATED CARBONS

T.G. Lupascu, R.I. Nastas
Institute of Chemistry of the Academy of sciences of Moldova,
MD 2028, 3 Academiei str.,Chisinau, Fax: (37322) 73 99 54, email: lupascut@gmail.com

Sorption materials are widely used to produce high quality products, in environmental
protection and human health.

This paper summarizes research on the synthesis, the study of porous structure, ad-
sorption properties and application of new stone-derived activated carbons.

As a result of these experiments were revealed the mechanisms of carbonization and
activation of stones of plums, peaches, walnut shell and seeds of grapes. Were obtained oxi-
dized stone-derived activated carbons and catalysts based on them, and also were studied the
porous structure and adsorption characteristics of the obtained materials.

Were identified processes and mechanisms of removal of hydrogen sulfide and its salts
from water by aeration in the presence of activated carbons and catalysts derived from them.

Were identified the most effective catalysts for removal of hydrogen sulfide and its
salts from model solutions of water, as well as from actual groundwater. Based on these re-
sults a fundamentally new technological scheme was developed for purification of ground wa-
ter from hydrogen sulfide and its salts.
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CATACLEAN - THE COMPOSITE MATERIAL FOR THE PASSIVE
DEGRADATION OF INDOOR ORGANIC POLLUTANTS

A. Bondarenko*, M.L. Ruello, D. Sani, A. Quaranta,
*Lipetsk State Technical University, Moskovskaya st., 30, 398600, Lipetsk, Russia,
E-mail: antonina.bondarenko@gmail.com
Universita Politecnica delle Marche, via Brecce Bianche, 60131, Ancona, Italy;
E-mail: m.l.ruello@univpm.it

Technology has recently stepped far forward, and today can attach new unknown earlier
properties to many well-known materials. Currently, there are a number of special materials
and products with self-cleaning and other unique properties. In the midst of them same prom-
ising are the materials that can improve the indoor air quality.

The aim of the research was creating a protective coating for kitchen and domestic pa-
nels, which have capability of catalytic degradation of indoor contaminants.

The way of a self-cleaning coatings creation was a chemical layering of catalytically-
active compounds on clay minerals. Clays were chosen as matrix for maintenance of adsorp-
tive capacity and stability of catalyst layer. During first step experiments vanadium pentoxide,
nickel carbonate and titanium dioxide were tested. The characterization was conducted using
typical microstructural and compositional techniques. At this point only one of the new mate-
rials — named Cataclean T - was been assessed as useful to go on the following step of charac-
terization. The study of the catalytic properties continued measuring the rate of degradation of
airborne pollutants. Memethyl Ethyl Ketone (MEK) has been chosen as model of indoor pol-
lutant. The devices for testing were simple glass boxes (volume is 8, 9 liters; initial MEK
concentration was 18 mg/l). The chosen analytical method uses common laboratory equip-
ment. The adopted conditions, however, are able to detect the kinetic of degradation of MEK
in different lighting condition (poor daylight, neon light, UV, LED light) and on a time scale
useful for short and medium period. The results are shown in table.

Table — The influence of light conditions on MEK degradation at presence of Cataclean-T

Conditions Degradation during 24 h, Ei't__—f %
Absence of catalyst 41-53
1 g Cataclean-T, UV 89
1 g Cataclean-T, daylight 63
1 g Cataclean-T, LEDs 77

Only at this point it was considered of trying to insert CATACLEAN T in common in-
door materials, ceramic tiles, paint and concrete. The ceramic material and the paints,
enriched with CATACLEAN T, were tested against the ability to degrade airborne MEK. The
results are encouraging, especially for ceramic materials. Although limited, since the time the
project and the means, however, these results highlight the reactivity of material developed.

Authors thank the CATACLEAN Project for funding researcher mobility (in the
framework of the cooperation agreement between LSTU-Lipets State Technical University
and UNIVPM-Universita Politecnica delle Marche)
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NPUMEHEHME ®YJUIEPEHOB 111 MOJU®UILIUPOBAHUSI XUMHUYECKHUX
MOIJIOTATEJIENA

B.B. Camonun, M.JL. [Togss3uukos, E.A. CnupumoHosa
Tocyoapcmeennoe obpazosamenvroe yupexcoenue 8vicuieco NPOPeccuoHarbHo2o 06pazoea-
Hus Canxkm-Ilemep6ypackuii 20Cy0apcmeentblll MexXHOI02UYeCKUll UHCIMUmym
(mexnuueckui ynusepcumem) 190013, Poccus, 2. Cankm-Ilemep6ype, Mockosckuii np., 0. 26
E-mail: spiridonova_elena@live.ru

Panee B paboTax aBTOpPOB OBLIO MOKA3aHO, YTO MOAU(UIIMPOBAHNE MHUKPOKOIHYCCTBA-
MU (QYJUIEPEHOB YIIEPOJHBIX U HEOPraHMYECKUX COPOEHTOB NPHUBOAUT K YIYHIICHHIO UX
copOunoHHbIX cBoifcTB [1]. Tak Mopudunuposanue akTuBHBIX yriei 0,005 % macc. dysme-
PEHOB MOBBINIAET COPOLMOHHYIO €MKOCTh MO KaTMOHAM LIBETHBIX METAIOB B 2-4 pasa, 1o
OpraHMYEeCKUM BELIECTBAaM M3 BOAHBIX PacTBOPOB B 1,3-2,5 pasa, a Takke IPHUBOJAUT K MPOSIB-
JICHHIO OaKTEepULUIHBIX CBOICTB Marepuana. Cuimkareiau, MoAuHIHpOBaHHbIE (ysuiepe-
HaMH, 00J1aal0T BEICOKMMH 3HAUEHUSIMH COPOLIMOHHOI €MKOCTH I10 JIUMONPOTEUAAM HU3KOMH
IUIOTHOCTH M3 IIa3Mbl KPOBH.

B Hacrosimieit paboTe MPHUBOAATCS CBEACHUS O BO3MOXKHOCTH MOBBIIICHHS MOTJIOTH-
TEJIbHBIX XapaKTEPUCTUK XMMHYECKHUX IOTJIOTHTENCH, KaK TBEPIbIX, TAK M JKHIKHX.

OpHUM M3 IPHIMEPOB peas3aliy JaHHOTO HAIPaBJICHUS SBIIAETCS MOIU(PHUIIPOBAHNE
(dynepeHaMH H3BECTKOBOTO XMMHYECKOTo MOTJOTHUTENs. MccnenoBaHue MOIIOTHUTENbHBIX
cBoiictB 1o CO, NPOBOAMIIM B IMHAMUYECKOM PEXKUME M3 ITOTOKA BO3AyXa IPHU CICIYIOLIHNX
YCITOBHAX: HCXOIHOE COCPKAHME AUOKCHA YIIepOaa B Ta30-Bo3ayHOM cmecu Co 0, = 2 %,
BbicoTa cyost XITW 100 MM, o0mmmii pacxox ra3o-Bo3ayurHoi cmecu 0,3 II/MI/IH'CMZ, TeMmepa-
Typa nporecca 18 °C, oTHOCHTeNbHAs BIaXHOCTh BXOJAIIET0 Bo3ayxa 85 %. ITokasano, 4to
BBezieHHE (pyJulepeHa MPUBOIUT K 3HAYUTEIFHOMY IOBBIIICHUIO TOTJIOTHTEIHHOM CIIOCOOHO-
ctu XIIU no ornomrenuto k CO, B uHAMUUYECKUX ycloBusx. /lo6aBka (yiiepeHOB B KOJIHU-
yectBe 0,02 % yBennuuBaeT BpeMs 3aLIUTHOrO JieicTBUs mornoTutens Ha 17 %, B konndecT-
Be 0,04 % na 33 %, nanpHeiimee noBbleHHE conepxkanus ¢ysuieperos B XIIW mo 0,06 %
MO3BOJISIET ITOBLICUTD JJAHHBIN ITOKa3aTelb 10 42 %.

JlpyruM npuMepom, MOAN(GUIIMPOBAHUS JKHIKUX XUMHYECKHX IOTJIOTUTEINeH (ByIiepe-
HaMH{ SIBIISICTCSI M3MEHEHHUE TOTJIOTUTEIBHON CIIOCOOHOCTH BOZBI IO/ BO3AEHCTBUEM MHUKPO-
KOJIMYECTB (yJUICPEHOB MO OTHOIICHUIO K OPraHUYECKUM BEIeCTBaM U3 Ta3oBoii ¢a3bl. Bae-
JIeHHe MON(HUKATOPA OCYILICCTBIISUIN 110 AIBYM METOJIUKAM: yJIbTPa3BYKOBBIM JAHMCIIEPTHPOBa-
HHeM (yJuiepeHa B BOJIe WM €r0 PaCTBOPSHHEM C HUCIOJIB30BAaHUEM OPraHHMYECKHX CTaOMIHU-
3aTOpOB (KpayH-3¢upoB). Ha 0CHOBaHMM MOJIy4EHHBIX PE3yJIbTATOB IOKa3aHO, YTO BBE/ICHUE
MozuduKaTopa NPUBOAUT K YBEIMUYEHUIO PACTBOPUMOCTH OPraHUYECKHUX COCMHEHUH B BOJ-
HBIX pacTBopax (yJIepeHOB, IpUYEM, YIUTHIBAs aAJUTHBHBIA BKIIAJ KaXJIOr0 KOMIIOHCHTA
CHCTEMBI, MOXKHO MPEAINOI0XKUTh, YTO TMOBBIIICHHE MOTIOTUTENBHON crocobHoctd B 1,5-2
pasa CBsi3aHO C BIMSHHEM (yJuiepeHa Ha CBOMCTBA BOJBI, a HE COpOLMEel OpraHMYeCKUX CO-
€IMHECHUH Ha TOBEPXHOCTH (YIIICPEHOB.

JIUTEPATYPA
[1]. Camonun B.B., Ilonsssaukos M.JI., Hukonosa B.1O., Crmpunonosa E.A., IlleBkuHa
A.10O.. Copbupyroliie MaTepHabl, U3JeHs, YCTPOWCTBA U MPOLECCHl yIPaBIsIieMoi aacopo-
uu. CI16: Hayxka, 2009. 271 c.
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FULLERENES APPLICATION FOR MODIFYING OF CHEMICAL SORBENTS

V.V. Samonin, M.L. Podvyasnikov, E.A. Spiridonova,
Saint Petersburg State Institute of Technology (Technical University), Moskovsky prospect,
26, Saint Petersburg 190013, E-mail: spiridonova_elena@live.ru

As it was previously found out in the work [1], modifying of carbonaceous and inorgan-
ic sorbents by microquantities of fullerenes improves their sorption properties. Thus, modify-
ing of activated carbons by 0.005wght.% of fullerenes increases their sorption capacity 2-4-
fold to non-ferrous metals cations, 1.3-2.5-fold to organic compounds from their water solu-
tions, and also allows the material to exhibit antibacterial properties. Silica gels modified by
fullerenes show high sorption capacity to low-density lipoproteins of blood plasma.

The present work represents the data on the possibility of an increase of sorbing proper-
ties of chemical absorbents, both solid and liquid.

One of the examples of the realization of this issue is the modifying of a chemical lime
absorbent by fullerenes. Its sorbing properties to CO, were studied in a dynamic regime from
an air steam under the following conditions: initial content of carbon dioxide in a gas-air mix-
ture COCOZ =2 %, chemical lime sorbent level height 100mm, total flow of a gas-air mixture
0.3 L/min-cm?, temperature 18 °C, incoming air relative humidity 85 %. It has been shown
that the insertion of fullerene leads to a considerable increase of absorbing properties of a
chemical lime absorbent to CO; in dynamic conditions. Addition of fullerenes in the amount
of 0.02% makes the time of protective action of the absorbent 17% longer, and adding 0.04%
of fullerenes — 33% longer, further increase of fullerenes content in a chemical lime absorbent
up to 0.06% allows to rise this indicator to 42%.

Another example of liquid chemical sorbents modification by fullerenes is a change in
water sorbance to organic substances from a gaseous phase upon addition of fullerenes in mi-
croquantities. Modifier insertion was carried out by two methods: ultrasonic dispersion of ful-
lerene in water or its dissolution with a use of organic stabilizers (crown-ethers). Basing on
the derived results, it has been shown that a modifier insertion leads to an increase in solubili-
ty of organic compounds in water solutions of fullerenes and also, considering an additive
impact of each of the system components, it can be assumed that 1.5-2-fold increase in sor-
bance is due to an influence of fullerene on water properties, and not because of a sorption of
organic compounds on fullerenes surface.

REFERENCES
[1]. Samonin, V.V., Podvyasnikov, M.L., Nikonova, V.Y, Spiridonova, E.A., Shevkina, A.Y.
Sorbing Materials, Products, Devices, and Processes of a Controlled Adsorption // Saint-
Petersburg, Nayka, 2009, 271 p.
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COPBLIMOHHBIE CBOMCTBA KOMIIO3UIIMOHHBIX COPBUPYIOIIAX
MATEPHUAJIOB HA OCHOBE ®YJUIEPEHOBBIX CAK 110 PA3JIMYHBIM
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E-mail: samonin@lIti-gti.ru

OyiepeHoBbIe MaTepualibl — QYIIEPUT, (YIJICPEHOBBIE CaXH, 00JaJal0T cnenuduye-
CKHM CTPOCHHEM, YTO OINpeeIsieT UX 0COOeHHbIe cBOicTBAa. OTHUM M3 TaKUX CBOHCTB MOX-
HO CUHUTATh CIIOCOOHOCTh U3MEHATH COPOIIMOHHYIO AKTUBHOCTD NPU M3MEHEHUH YCIOBHI OC-
BelleHHs. B sureparype UMEIOTCsl JaHHbIe O BO3MOXHOCTH TPOBEICHHS POLIECCOB (oToro-
JMMepH3alyy Ha (yJuiepeHax 3a c4eT CBETOBOTO BO3JeHcTBU [1]. ABTOpaMu BriepBbie ObLIO
3aME4EeHO, YTO 3a CYET BJIMSHHS OCBELICHHS MPOUCXOJHUT 3HAYMTEIbHOE U3MEHEHUE copOLu-
OHHOI eMKocTH [2].

B panee nmpoBOJUMBIX HCCIEIOBAHHUAX OBLIO MOKA3aHO, YTO TAKOH 3()(HEKT MOKET OBITh
HCIIOJIb30BaH /ISl IPOBEICHHUS [IMKJIMYECKUX MTPOLIECCOB COPOLMH-IecopOIMy mapoB OeH3071a
U3 ra30Boii (a3bl, yIPaBISIEMbIX CBETOBBIM BO3/ICHCTBHEM.

Ha nanHOM STane MccieloBaHUi aBTOPbI pacCMaTPHUBAIM BIMSHUE YCIOBHIl OCBElle-
HUsI Ha COPOLIMOHHYIO aKTUBHOCTH (DYJUIEpUTOB M (DyJUIEpPEHOBBIX CaxK IO axcopbaram pas-
JIMYHOM MPUPOJIBI — APOMATHUESCKUM COCANHEHHM (OSH30IT), TIPEIEIbHBIM CIIUPTaM (3TaHOI),
ankaHaMm (TEKCaH), XJIOPCOACPIKAIINM ajKaHaMm (XJI0po(opM, YeTBIPEXXIOPHUCTHIH yIIIepon),
00J1aIalomUX Pa3IMYHBIMU QU3UKO-XUMUUECKUMHU XapaKTePUCTHKAMH.

B kadecTBe (yJulepeHCOIEpKALIMX MATEPHATIOB Ul HCCIICIOBAHHUS HCIIOIb30BAIN
(bymnepenoBbie caxu u Qywieput npoussoactsa 3A0 « NIy, r. Cankr-IletepOypr, KoTo-
pble ObUIM OpPraHU30BaHbl B KOMIO3HLMOHHBIE COPOMPYIOLIME MaTepHalbl, TA€ B KaueCTBE
CBSI3YIOLIMX HCIOJI30BAIH MOJMMEPHBIE CHCTEMbI — BOJAHBIA PAcTBOp IMOJHAKPHIAMHIA H
BOJIHYIO OMYJIbCHIO mouTerpadropatiieHa. [Ipu 5ToM BBeaeHHE CBA3YIOMIETO HE TPUBOAUT
K HUBEJIUPOBAHUIO d(PeKTa BIMSHUSA OCBEUICHHS HAa COPOLIMOHHYIO €MKOCTH (yJUIepEeHCO-
JepiKalux MatepuaioB. Tak Kak Takoil 3QQeKT MposBIsSeTCs] MpU COPOLHU OPraHMIeCKHX
BEILECTB PA3INYHbIX KJIACCOB U3 ra30BOW (ha3bl M HE MPOSIBISAETCS MPU COPOLIUM Ha KilacCHie-
CKHX aJICOPOCHTaX, MOKHO TOBOPHTH O TOM, YTO (POTOBO3OYIKICHHE XapaKTEPHO HE JUISI MO-
JIeKyJI aJicOpOTHUBOB, a HENOCPEACTBEHHO [UIsl Py IepeoBbIX MaTepranos. MccnenoBanue ma-
TEpHAJIOB B LIMKIMYECKHX MPOLECCaX «COPOLHS - ASCOPOLHs MO BO3ACHCTBUEM OCBEICHUS
MOKa3aJI0 BO3MOXKHOCTh OCYILECTBJICHHS KOHIICHTPUPOBAHUS OPraHUYECKOro BELIECTBA 0
40 %.
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SORPTION PROPERTIES OF COMPOSITE SORBING MATERIALS BASED ON
FULLERENE SOOTS TO VARIOUS ADSORBATES ON CHANGING THE
LIGHTING CONDITIONS

V.V. Samonin, M.L. Podvyasnikov, E.A. Spiridonova, A.G. Golubev.
Saint Petersburg State Institute of Technology (Technical University), Moskovsky prospect,
26, Saint Petersburg 190013, E-mail: samonin@Iti-gti.ru

Fullerene materials, such as fullerites and fullerene soots, possess a specific structure,
that determines their special properties. One of which is the ability to change their sorption
properties on varying the lighting conditions. The literature data state that photopolymeriza-
tion process can be carried out on fullerenes due to lighting [1]. It was first noticed by the au-
thors of [2], that under the influence of the light a considerable change in sorption properties
takes place.

As it was earlier found out in the previous research, this effect can be applied to cycling
sorption-desorption processes of benzene fumes from a gaseous phase on controlling lighting
conditions.

At the present stage of the research the authors investigated the influence of lighting
conditions on the sorption properties of fullerenes and fullerene soots to absorbates of various
nature: such as aromatic compounds (benzene), saturated alcohols (ethanol), alkanes (hexane),
and chlorine-containing alkanes (chloroform, tetrachloromethane), which reveal different
physiochemical characteristic.

For the present research we used fullerene soots and fullerite manufactured by ZAO
ILIP, Saint Petersburg. These compounds were organized into composite sorbing materials in
which as binders there were used polymer systems: such as polyacrylamide water solution
and polytetrafluoroethylene water emulsion. We note that the presence of a binder has no ef-
fect on the lighting influence on the sorption properties of fullerene materials. Due to the fact
that this effect appears during the sorbing of various types of organic compounds from a ga-
seous phase, but not when sorbing on classic type adsorbents, therefore, we can assert that
photoexcitation is typical not of adsorbate molecules, but of fullerene materials at first hand.
Thus, the study of these materials in cyclic sorption-desorption processes upon lighting
showed that an organic compound can be concentrated up to 40%.

REFERENCES:

[1] Sidorov, L.N. et al. Fullerenes /Moscow, Examen, 2005, 687 p.

[2] Samonin, V.V., Podvyasnikov, M.L., Nikonova, V.Y, Spiridonova, E.A., Shevkina, A.Y.
Method for carrying out of sorption-desorption process of organic compounds vapors
upon electromagnetic radiation exerted on a sorbent. RU patent 2331467, published
20.08.2008, Bulletin of Inventions 23, 7 p.
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CHUHTE3 BBICOKOQJIEKTPOITPOBOJHOI'O HAHOJUCHEPCHOI'O YIVIEPOJA

B.®. CypoBukun, A.I'. llaiitanos, FO.B. Cyposukun, 1.B. Pe3anos
Yupeowcoenue Poccuiickotl akademuu Hayk Hucmumym npooiem nepepabomiu yeneooopo-
006 Cubupckozo omoenenuss PAH (UIII1Y CO PAH), . Omck, 644040,
yi. He¢pmesasoockas, 54, E-mail: shagomsk@ihpp.oscsbras.ru

HanoznucnepcHsle yriepoiHble 3J1€KTPONPOBOIHBIE CUCTEMBI ITMPOKO HCIOJb3YIOTCS B
IPOHU3BOACTBE JIEKTPONPOBOAHBIX HOKPHITH, MIACTUKOB, PE3UH M MHOXECTBE APYTUX U3-
nenuit. Yame Beero ynydmieHHe NOTPeOUTENbCKUX CBOMCTB 3TUX M3JENUH CBSI3aHO ¢ pele-
HHEM TpPYJIHOM 3aJa4d IOBBILIEHUS 3JIEKTPONPOBOJHOCTH HAHOAUCIEPCHBIX YIJIEPOIHBIX
CHCTEM.

B onbiTHOM peakTope ¢ MOCIeayIOIed TePMOOKHCIUTEILHOH 00paboTKOH cuHTE3upO-
BaH IOPOIIOK BBICOKO3JIEKTPOIIPOBOAHOIO HaHOAUcHEpcHoro yriepoaa (BD HAY). Onek-
tponpoBogHocte BD HJ/IY ouenuBamocs B crenuansHOil — mpecc-popMe MO 00BEMHO-
MaccoBoMy Metofy [1] ¢ morpemHocTbio U3MepeHust conpoTuBieHust R nopotika He dosee +
2%. Jlnst cpaBHEHUs! aHAIOTHYHBIE M3MEPEHMS TPOBEAEHBI C ITHMPOKO NPUMEHSIEMbIMU Map-
KaM# TeXyrJepooB atekTponpoBoanbix [1 2673, Tepmoke, Vulcan XC 72 u cBepX3ieKTpo-
nposoaHoro Printex XE-2b. Bece 00pa3iubl nMenu OAMHAKOBYIO Maccy 2r U CKUMAJUCh B
npecc-GopMe ¢ IMOMOIIBIO BHHTOBOTO ITyaHCOHA (OIMH M3 3JICKTPOAOB) IO OIpPEIEICHHOU
BBICOTHI CTONI0A. Pe3ynbTaThl 3aBUCUMOCTH CONIPOTUBIICHHUS OT BBICOTHI CTONIOUKA (OT CTEHEHU
CXKaTusl) IPUBEJICHBI HA PUCYHKE.

03 YCTaHOBIIEHO, YTO ONBITHBIA OOpaser
s . B3 HIY umeer 531eKTpOCONpPOTUBIIE-
. HHE Ha YPOBHE CBEPXIIPOBOJIIIETO YI-
2 o2 - Tepsrone aepona PRINTEX@ XE-2b u npesoc-
H XOIUT O BEJIMYMHE YACJIBHOH II0-
El 0,15 -

g e . 41267 BeszHOCTI/I mo Np-BET: 1280 u 1060
S o1 / / erin xe2s  M/T cooTBeTCTBeHHO. BD HIY nmeer
///;/‘/ OJITHAKOBBIN (B Mpeaenax OMUOKH U3-

0,05 3 w e v ~
M * B HAY MEpEeHHH) XOA KPUBOH  H3MEHEHUs
0 CONPOTUBIICHUS TP  CKATHH  CO
e 7 8 ° 10 1 CpPaBHMBAEMOW  CBEPXAJIEKTPONPOBO/-

BrIcoTa cToNGHKA, h, MM

HO#i  Mapkoii PRINTEX@XE-2b, uto
MO3BOJISIET TIPEANONOKUTE  CXOXKECTh
UX CTPYKTYPHBIX XapakrepucTuk. DIIP curnan onbITHOro o6pasia conocTaBUiIM ¢ aHAJIOTHY-
HBIM CHTHAJIOM IIEYHOro HeaneKkTpornposoguoro HIY. Ilo pe3ynbTaTtaMm cpaBHEHUS BbIIBHHY-
TO NpPEJNOJI0KEHHE O TOM, YTO C yBEIMYCHHEM IPOJOIDKHTEIPHOCTH TEPMOOKHUCIUTEIBHOM
00pabOTKH CTPYKTYpa MCXOJHBIX IpadMTONONOOHBIX YacTHL BupousmeHsercs. Hanpuwmep,
UL HEKOTOPBIX YaCTHUIl HCUe3aeT TPeXMepHasl CIIMBKA MEXIy clIosMHu rpadeHos. I[lospmuser-
Csl M pacTeT AONA CTPYKTYp, HOXOXKHMX HA TOHKHE JByMEPHBIE IUICHKH, aHAJIOTUYHBIX TONH-
KOH/ICHCUPOBAHHBIM CJIOSIM YTJIEpOJia Ha MOBEPXHOCTH. YBEIMYEHHE MHTEHCUBHOCTU CHHI-
JIETHOTO CHT'HAJIA, CKOPEE BCETro, 0O0YCIIOBICHO JOKAIM30BaHHBIMU T 3IEKTPOHAMH YIJIEPOJ-
HBIX CeTOK ¢ HepaspeuieHHo# npotoHHoit CTC. Kpome Toro, B paboTe mpuBe/ieHbI pe3yibTa-
ThI 3JIEKTPOHHO-MUKPOCKOIIMYECKUX U PEHTT€HOCTPYKTYPHBIX HCCIEI0BaHHI 00pa3LoB, NO-
TBEp KIAIOIIHUE IPOU30LIEIINE BUIOU3MEHHUS CTPYKTYPBL.
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SYNTHESIS OF HIGHELECTROCONDUCTIVE NANODISPERSED
CARBON

V.F. Surovikin, A.G. Shuytanov, U.V. Surovikin, I.V. Rezanov
Scientific research establishment of Russian Academy of Science
Institute of Hydrocarbon Processing of Siberian Branch RAS (IHP SB RAS)
54, Neftezavodskaya Str., Omsk, 644040, Russia
E-mail: shagomsk@ihpp.oscsbras.ru

Nanodispersed carbon electroconductive systems are widely used at production of elec-
troconductive coverings, plastic materials, rubbers and many other goods. Most often im-
provement of consumer properties of these products is concerned with the solving of difficult
task on increasing of electrical conduction for nanodispersed carbon systems.

Powder of highelectroconductive nanodispersed carbon (HEC NDC) was synthesized in
a pilot reactor with the following thermal-oxidative treatment. Electrical conduction of NEC
NDC was valued in a special press mold according to the volume-mass method [1] with the
measuring inaccuracy of powder resistance R mo more than + 2%. For comparison, similar
measurements were carried out for commonly used types of electroconductive carbon blacks
such as IT 2673, Termox, Vulcan XC 72 and superelectroconductive Printex XE-2b.All the
samples had the same mass equal to 2 g and were pressed in the press mold by means of
screw punch (one of electrodes) to the definite column height. The results of dependence of
resistance on column height (on the compression degree) are demonstrated on the following
Picture.

It was determined that a pilot sample of

03 HEC NDC has electrical resistance on the
1 ’ level of superconducting carbon

J| Vuixe - PRINTEX@ XE-2b and exceeds by the val-
/ temox  U€ Of specific surface by N,-BET: 1280 and
///
.

o
&
-

1060 m?/g correspondingly. HEC NDC has
identical (within the bounds of measure-
minxe  ments error) trend of curve of resistance
1 t / " :‘ECNDC change at pressing with the compared super-
005 ‘ﬁé — conducting carbon PRINTEX@ XE-2b. It
allows to assume the similarity of their
6 7 8 9 0w structural characteristics. ESR signal of a
Height, b, i pilot sample was compared with the analog-
ous signal of furnace non-electroconductive NDC. According to the comparison results the
following hypothesis was advanced: along with the increasing of duration of thermal-
oxidative treatment the structure of the initial graphite-like particles is modified. For example,
three-dimensional linkage among the graphen layers disappears for some particles. The part of
structures similar to thin two-dimensional films and analogous to polycondensed carbon lay-
ers on the surface appears and increases. Increasing of intensity of singlet signal is most likely
conditioned by localized n electrons of carbon nets with unresolved protonic super fine struc-
ture (SFS). Moreover, in the work the results of electron-microscopic and X-ray investiga-
tions of the samples are presented. They confirm occurred changes of structure.
REFERENCE: '
1. V.F. Surovikin, A.G. Shuytanov, N.N. Leonteva, V.A. Drozdov. “Influence of
steam-and-gas activation on electrical conduction of nanodispersed carbon” // Solid
Fuel Chemistry, 2009, N 5, pp.61-72.
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CHUHTE3 KPEMHUMCO/JEPXKAIIUX HAHOCTPYKTYPUPOBAHHBIX
YIUIEPO-YTJIEPOAHBIX MATEPHUAJIOB THUIIA C/SiO,/C

10.B. Cyposuknun, K.B. Tumoxuna
Yupeowcoenue Poccutickotl akademuu Hayk Hucmumym npooiem nepepabomxu yeneooopo-
006 Cubupckozo omoenenuss PAH (UIII1Y CO PAH), . Omck, 644040,
yi. He¢pmesasoockas, 54, E-mail: suruv@ihpp.oscsbras.ru

OJHUM U3 NEPCIEKTUBHBIX HAIPABICHHUI B CO3JaHUM HOBBIX (DYHKI[MOHANBHBIX YIJIE-
POIHBIX MaTEPHAIOB IIHPOKOTO CIEKTPa IPHMEHEHUs, ABISCTCS CO3NaHUE CTPYKTYPHOOpra-
HHU30BAHHBIX YTJICPOAHBIX CUCTEM, MO}ll/I(i)Vll_ll/lpOBaHHbIX KPpEMHHEM HJIK €r0 COCANHCHUSMU
(IuoKcu Unn KapOoua KpeMHHS).

Oco0BIil HHTEpEC B TOH CBA3M HPEACTaBIACT IPaHyIUPOBAHHBIC YITIEPOA-YIICPOIHBIC
MaTepHaIbl, MOJIyYCHHBIC HA OCHOBE HAaHOPa3MEPHBIX YIVICPOJHBIX HAIIOIHHUTENCH H IUPOYT-
nepoxHoi Martpuusl [1]. BBeneHue nuokcHma KpeMHHS B IOJOOHBIC NOPHCTHIC YIJIEPOJ-
YIIepOaHbIC KOMIIO3UIUH TI03BOMIAET MOIUGHUIMPOBATE X IOBEPXHOCTH C LETBIO daJlbHEH-
IIET0 UCIOJIb30BaHMUs B KaueCTBE HOCUTENCHl KaTaau3aTOpOB MPH CO3JAHMU HOBBHIX U yJIyd-
[ICHUX CYIIECTBYIOIINX KaTATUTHIECKUX CHCTEM, a TaKXKe IIPU CHHTE3€ CICHU(PHICCKUX Ce-
JIEKTUBHBIX COPOEHTOB C IOBBIIIEHHONH COPOIMOHHOH €MKOCTBIO K Pa3IMYHBIM OpraHHdYe-
CKHM BEILECTBAM M METaJlIaM.

B Hacrosmeil paboTe paccMaTPHBAIOTCS Pa3IUYHbIC BapHAHTHI CHHTE3a IPaHYIHUPO-
BaHHBIX YIJIEPOI-yriaepoaHbix KoMno3uToB tuma C/SiO,/C, monydeHHBIX MO «MaTPUYHON»
TexHosoruu. Kak HanOosnee onTUMaibHbIM, HOAPOOHO PacCMATPUBACTCS BApPUAHT BBECACHUS
MouHIupyoneil [o6aBKH Ha CTAJUU COBMEIICHHS HAHOAUCIEPCHOTO yIriepoAa H Ipen-
IIECTBEHHNKA MOKCUIAa KpeMHHUs. B kadecTBe MpeAIIeCTBEHHUKOB IMOKCUIA KPEMHHUS HC-
HOJIB3YIOTCS: TBepAOodasHblid - «Oenas caxkay, a TakoKe XKUAKO(pa3HbIC — KPeMHHIfopraHuyde-
CKHil oauMep (IIOMUMETHITHAPOCHIOKCAH) U TeTPa3TOKCHCHIIAH.

HccnenoBanus nokasaiu, 4TO B 3aBHCHMOCTHU OT CIIoco0a BBEAEHHUS NPEAIIECCTBEHHUKA
pacmpeneneHie JUOKCHIA KPEMHUS MOXKET OBITh 00 «KOPOUKOBBIMY», THO0 «0OBEMHBIMY.
IIpraem «oOBEMHOE» pacHpeneleHHe AHOKCHAA KPeMHHUS Pealn3yeTcsl TOIbKO MPH UCIIONb-
30BaHUHU KUAKO(A3HBIX IIPEJIIIECTBEHHUKOB.

YCTaHOBJICHO, YTO Pa3BUTHE HOPHCTON CTPYKTYPhI KPEMHHICOACPKAIIIX KOMIO3HTOB
3aBHCHT, KaK OT Crmocoba Moan(HKAKK, TaK U OT CPEIbl UX MOCIEAYIONEeH ra3u)uKamnnu.
st Bcex ciydaeB Moau(UKalMU MONTyYeH MaTepuan oOO0Jaarolii MUKPO-ME30HOPUCTOM
TEKCTYPOA C YIeTbHON MoBepxHOCTHIO 10 BAT ot 400 10 700 M* /r. TIpu sToM ecii y oGpas-
OB ¢ TBepHO(ha3HBIM MPEAMICCTBEHHUKOM OCHOBHAS A0 ME30IOp HAXOAUTCA B AUANa30HE
31-50 A, T0 y 06pasuoB ¢ xumKodasHeIM — B guanasone 100-400 A. B mocnemnem ciydae
KOMIIO3HUT UMEET APKO BBIPAXKECHHYIO OHIIOPHUCTYIO CTPYKTYPY.

TopucThie HaHOCTPYKTYpUpPOBaHHBIE yriepoa-yriepoansie cuctembl C/SiO,/C obia-
JaloT GoJsiee BHICOKOH ruapo(MIBHOCTBIO, YeM HEeMOAM(PHUIMPOBAHHbIE 00pa3lbl. Y CTaHOB-
JICHO, YTO HE3HAYMTEIbHOC BBEJICHHE MOAU(PUIUPYIOMMX N0OaBOK HE3aBUCHMO OT IpejIe-
cTBeHHUKa (11pu conepkanuu SiO, ot 7 10 15%) NMPUBOAUT K MOBBILEHUIO THAPOPUIBHOCTH
MOJIy4eHHBIX MarepuanoB B 1,5-3,5 pasa. IIpu sTom Haubonbiuel runpoduiIbHOCTEIO 00a-
JIal0T 00pasIbl, MOIYYCHHBIC COBMEIICHHEM MOJEKYJIAPHOIO IPEINICCTBEHHHKA IHOKCHIA
KpeMHHs 1 HAHOJUCIIEPCHOTO YIJIepoa.
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SYNTHESIS OF SILICON-CONTAINING NANOSTRUCTURED
CARBON-CARBONIC MATERIALS OF C/SiO,/C-TYPE
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Development of structurally-organized carbon systems modified by silicon or its com-
pounds (silicon dioxide or silicon carbide) is one of the perspective directions in working out
of new functional carbon materials of wide spectrum of application.

In this connection, granular carbon-carbonic materials obtained on the basis of nano-
dimensional carbon stuffs and pyrocarbon matrix represent particular interest [1]. Introducing
of silicon dioxide in such porous carbon-carbonic compositions allows to modify their surface
for the purpose of further using as catalysts supports at the development of new and im-
provement of the present catalytic systems as well as at synthesis of specific selective sor-
bents with heightened sorption capacity to different organic substances and metals.

In the present work different variants of synthesis of granular carbon-carbonic compo-
sites of C/SiO,/C-type obtained by “matrix” technology are considered. The variant of intro-
duction of modifying admixture on the stage of combination of nanodispersed carbon and sil-
icon dioxide predecessor is thoroughly investigated as the most optimal one. Solid-phase —
“carbon white” and also liquid-phase — organic-silicon polymer (polymethylhydrosiloxane)
and tetracthoxysilane are used as predecessors of silicon dioxide.

The researches revealed that silicon dioxide distribution can be “crust-like” or “volu-
metric” depending on the method of predecessor introduction. At that “volumetric” distribu-
tion of silicon dioxide is realized only at using of liquid-phase predecessors.

It is determined that development of porous structure of silicon-contained composites
depends both on modification method and on medium of their following gasification. Material
possessing micro-mesoporous texture with specific surface by BET from 400 to 700 m*/g was
obtained for all modification cases. At that if the samples with solid-phase predecessor have
the main part of mesopores in the range of 31-50 A, then the samples with liquid-phase pre-
decessor — in the range of 100-400 A. In the latter case composite has pronounced biporous
structure.

Porous nanostructured carbon-carbonic structures C/SiO,/C have higher hydroscopic
property in comparison with non-modified samples. It is determined that introduction of in-
significant quantity of modifying admixtures irrespective of predecessor (at SiO, content
from 7 to 15%) leads to increasing of hydroscopic property for the obtaining materials in 1.5-
3.5 times more. At that the samples obtained by combination of molecular predecessor of sil-
icon dioxide and nanodispersed carbon possess the greatest hydroscopic property.

REFERENCE
1. V.F. Surovikin, U.V. Surovikin, M.S. Tsekhanovich New directions in obtaining technol-
ogy of carbon-carbonic materials. Application of carbon-carbonic materials// Russian Chemi-
cal Journal (Journal of Russian Chemical Mendeleev Society), 2007, v.LI, N4 , pp.111-118.
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EXPLOITING FRAMEWORK FLEXIBILITY IN ADSORPTIVE SEPARATIONS ON
MOF MATERIALS
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The tremendous potential of Metal-Organic Frameworks (MOFs) in molecular separation
processes has been demonstrated extensively. Their wide diversity in chemical composition
and large surface area make them superior to classical adsorbents in many aspects. Newly ob-
served selectivity mechanisms in adsorption for MOFs include the gate-opening effect,
breathing dependent selectivity and pore filling dependent selectivity. Changes in pore vo-
lume obviously affect the adsorption capacity, but also a change in selectivity is to be ex-
pected. The stated phenomena are believed to be related to structural changes in the adsorbent
and/or the adsorbed phase. Although such rearrangements in MOF structures have been evi-
denced by a variety of characterization techniques and large progress has been made in the
fundamental description of adsorption of pure components onto flexible and non-flexible
MOFs, the impact thereof on real separation processes has scarcely been studied. Hence po-
tential and possible advantages of MOFs in the field of separations remain largely unexplored.
In this work, a model able to describe the effect of structural changes in the adsorbent or the
adsorbed phase during the dynamic (breakthrough) separation of mixtures on metal-organic
frameworks (MOFs) is presented. The methodology is illustrated for the separation of xylene
isomers and ethylbenzene on the flexible MOF MIL-53 and the rigid MOF MIL-47. At low
pressures, no preferential adsorption of any component occurs on both MOFs. Contrarily, at
higher pressures separation of ethylbenzene (EB) from o-xylene (0X) occurs on MIL-53 as a
result of the breathing phenomenon within the MIL-53 structure. The increase in selectivity,
starting from the gate-opening pressure, could be modeled by using a pressure dependent sa-
turation capacity for the most strongly adsorbed component 0X. In the separation of m-xylene
(mX) from p-xylene (pX) on the rigid MOF MIL-47, separation at higher pressures is a result
of preferential stacking of pX. Here, the selectivity increases once the adsorption of pX
switches from a single to a double file adsorption. By implementing a loading dependent ad-
sorption constant for pX, the different unconventional breakthrough profiles and the observed
selectivity profile on MIL-47 can be simulated. A similar methodology was used for the sepa-
ration of EB from pX on MIL-47, where the separation is a result from steric constraints im-
posed onto the adsorption of EB. As a last example, the separation of CHs / CO, on Amino-
MIL-53 will be presented briefly, showing the exceptional separation and unusual break-
through profiles linked to material breathing.

132



EFFECT OF IMPREGNATION COEFFICIENT ON POROUS STRUCTURE
DEVELOPMENT OF ACTIVE CARBONS UNDER CHEMICAL ACTIVATION OF
DOGWOOD STONE WITH PHOSPHORIC ACID

S. Trofymenko®, N. Sych**, A. Puziy®, Z. Aktas®, E. Yagmur®, T. Aktar®, N. Tsyba®
“ Department of adsorbents for medical assignment, Institute for Sorption and Problems of
Endoecology, Kyiv 03164, Ukraine. E-mail: N.Sych@ mail.ru
b Department of Chemical Engineering, Ankara University, Ankara, Turkey
E-mail: zaktas@eng.ankara.edu.tr

Activated carbons are the most popular adsorbents for the removal of different pollu-
tants. However, their widespread use is restricted due to high cost. Therefore researchers are
looking for low-cost precursors such as agricultural by-products for the production of acti-
vated carbons. In present study activated carbons have been prepared from dogwood stone by
chemical activation with H3POy as it was successfully applied in much less quantities for the
activated carbons preparation from different kinds of agricultural wastes.

Dried whole dogwood stone were crushed to attain the size of 0.5-2.0 mm then impreg-
nated with H3PO4. The impregnation was carried out at approximately 80 °C in an oven for
1 h. Several impregnation ratios (Xp): 0.5; 0.75; 1.0; 1,25 were attempted to prepare the im-
pregnated samples. Further impregnated samples were heat-treated at a temperature of 400 °C
in one step process.

Nitrogen adsorption-desorption isotherms were measured at 77 K using NOVA 2200
volumetric adsorption analyzer (Quantachrome, USA). The surface area of the samples under
study was assessed by the standard BET method, using nitrogen adsorption data. The total
pore volume was calculated from the amount of nitrogen adsorbed at a relative pressure of
0.99. With increasing impregnation ratio from 0.5 to 1.0 BET surface area, micropore volume
and total pore volume (Table 1) drastically increased. Further increase of impregnation ratio
has led to sharp decrease of these indices. This fact suggests that optimum impregnation ratio
is 1.0.

Table 1. Porous structure characteristics

Xp SpeT, (M%/g) Vi, (em’/g) V., (em’/g) Vi /Vi (%)
0,50 933 0,34 0,44 77
0,75 979 0,38 0,47 81
1,00 2169 0,80 1,0 80
1,25 1319 0,32 0,77 42
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HOBBIE HATIPABJEHUS IPUMEHEHU S AKTUBHBIX YTJIEA

B.M. Myxun
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OKOHYaHHE 3MOXH «XOJOIHOW BOWHB» B OTPOMHOM CTEMEHH OBLIO OOYCIOBICHO TeM
00CTOSITEILCTBOM, YTO Ha IUIAHETE TPO3HIIa B30PBATHCS «IKOJIOrHYeckas 6omba». Pe3ko Bo3-
pociiiee 3arpsA3HEHHe OKPYKAIOIIEH CPe/Ibl CTAI0 MPHUHOCHTH YEJIOBEUYECTBY BPE, COM3MEPH-
MBI C OCNIEICTBUAMH IPUMEHEHUSI OPYKHSI MACCOBOTO ITOPAXKEHHUS, B TOM YUCIIE U XUMUYe-
CKOTO.

CeropHs IpakTUYECKU BCS IUIAHETa U, 0COOCHHO, PAaifOHBI MaCCOBOTO TPOKHUBAHUS JIFO-
Jiell TIOABEPIKEHBI CEPhE3HBIM DKOJIOTUUECKUM YIPO3aM, TJIABHBIMH M3 KOTOPBIX SBIISIOTCS:
paaHalMoOHHOe 3arps3HEHHE TEPPUTOPHI; YTHETCHHE MOYB KHCIOTHBIMH JOXKASIMH; 3arpsi3-
HEHHE IT0YB XMMHYECKHMH BELIECTBAMH U ITECTHLUIAMH; PA3JIUBbl HE)TH Ha CylIe U Ha MOpE
U paspyuieHue arMochepsl.

B cuity cBoMX (DH3MKO-XUMHUYECKUX CBOHCTB YIJIEPOAHBIC aJICOPOEHTHI (AKTHBHBIE YTIIH)
SIBJISIIOTCSL YHUKAJIBHBIMU M MJICATbHBIMH COPOLIMOHHBIMU MaTepHaiaMy, KOTOPBIE TTO3BOJISIOT
peuath OOJbIION KPYT BOIPOCOB 00ECIICUECHHS XUMHYECKOM U OHOJIOTHYECKOH 0€30MacHOCTH
4eJIoBeKa, OKPYKAIOIIEeH Cpe/ibl U HHPPACTPYKTYPBI.

Hioke B Tabun. 1 npuBeaeHsI 1100a7bHO 3HAYUMBIE 9KOJIOTHYECKHE TEXHOJIOTHH HCIIOIb-
30BaHUs aKTUBHBIX yriieit (AY).

Ta6auna 1.
DKOJIOTHYECKHE TEXHOJIOTUH HCIIOIb30BaHHS aKTHBHBIX YIIICH

Cocrasisromnas

VroneancopOuuoHHAS TEXHOIOT S
orocdepsr P

Pexynepauus pacrBoputenei
CaHuTapHasi OUHCTKA OTXOAAIUX Ia30B, B T.4. CEPOOYUCTKA
VYnaBnuBaHue napoB OCH3MHA, BBIACIAEMBIX aBTOTPAHCIIOPTOM
Atmocdepa YHUUTOXKEHHE XMMHYECKOTO OPYKHs
VYHUUTOXEHHE TBEPABIX OBITOBBIX OTXOJ0B
OuncTKa BO3/1yXa, IOCTYMAOIIEro B XKUIIbIE U paboune
HOMeEILEeHUs! (KOHIUIMOHMPOBAHHUE BO3/1yXa)

OuKCTKA MUTHEBOM BOBI
O06e3BpexUBaHUE CTOYHBIX BOJ
IMepepaboTKa )KUIKUX PAIHOAKTUBHBIX OTXOIOB
Jlo0ObIya 30J10Ta U [IBETHBIX METAJLIOB

T'uapocdepa

3ammra 1moYB OT KCEHOOMOTHKOB, B T.Y. IIECTULIUIOB
Jlurocdepa Pemenuariust ous
30HBI CAHUTAPHOHN OXPaHBI BOJIONCTOUHUKOB

CpezcTBa HHAMBUIYATBHON U KOJUISKTUBHOMN 3aIUThI (PUIIBTPYIOLIETO
THA
YenoBek IIponsBonacTBO XMM-(papM IpernapaToB, BATAMHHOB, aHTHOMOTHKOB
DHTEpO- U reMocopoLHs
[TomyueHne YKOJIOTHUECKU YUCTOHN MUIIH

CTOHUT CcKa3aTh O IMOCTOSHHOM BO3HMKHOBEHHH HOBBIX Yrpos, Ui NpeaoTBpalieHus Ko-
TOPBIX HCO6XOIII/IMI)I AKTHUBHBIC YTIIN.
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NEW LINES OF APPLICATION OF ACTIVE CARBONS
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The end of the epoch of “cold war” was to a great degree conditioned by the fact that
the planet was threatened by “ecological bomb”. Quickly growing pollution of the environ-
ment began to cause the humanity damage commensurable with the consequences of weapons
of mass destruction including chemical weapons.

At present practically all the planet especially peopled and overpeopled regions are sub-
jected to serious ecological threats, the main of which are: radiation pollution of territories,
saturation of soils with acid rains, contamination of soils with chemicals and pesticides, spil-
lage of oil on land and sea, atmosphere destruction.

Owing to their physicochemical properties carbon adsorbents (active carbons) are
unique and ideal sorbents allowing to solve a wide range of problems of chemical and biolog-
ical security of a person, environment and infrastructure.

Table 1 below shows globally significant technologies of using active carbons.

Table 1
Ecological technologies of using active carbons
Constituent of Carbon-adsorption technology
biosphere

Recuperation of solvents
Sanitary recuperation including desulphurization
Collection of oil vapour discharged by motor transport
Atmosphere Destruction of chemical weapons
Destruction of solid domestic waste
Cleaning air entering living quarters and workrooms (air condition-
ing)
Purification of drinking water
Hydrosphere Sterilization of sewage
Treatment of liquid radioactive waste
Gold mining and nonferrous metal mining
Protection of soil from xenobiotics including pesticides
Lithosphere Remediation of soils
Zones of sanitary control of springs
Personal and collective protective equipment of filtering type
Individual Production of chemical
pharmaceutical preparation, vitamins, antibiotics
Entero- and hemosorption
Production of ecologically clean food

It is worthwhile to say about constant appearing of new threats that are prevented by ac-
tive carbons.
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N3YYEHME BJIMAHUA TOPUCTOCTH YIVIEPOIHBIX HAHOMATEPHAJIOB
HA UX COPBHUOHHBIE CBOUCTBA I10 OTHOINEHMIO K Te(VII)

H.H. ITomosa, I".JI. beikos, I'.A. Iletyxosa, 11.I'. Tananaes, b.I'. Epmos
Yupeowcoenue Poccutickotl akademuu Hayk Hncmumym @usuueckou Xumuu u 31eKmpoxumuil
um. A.H. @pymruna Poccuiickoti Akademuu Hayk
119991, Mockea. Jlenunckuii npocnexkm, 31, kopn.4
E-mail: popovann@gmail.com

BbiIo M3y4eHO BIHMSHHME MOPUCTOH CTPYKTYPhI OOpa3lOB YIJIEPOIHBIX MAaTepHalOB
DAC u yrneit mapku BCK Ha nx copOunoHHsle cBoiicTBa 110 otHomenuio k Te(VII).

Ha nepsom 3ramne Gbu1a ncciiei0BaHa MOPUCTas CTPYKTYpa BBIOPaHHBIX AT HCCIIE0Ba-
HUIl 00pa3oB. AHAIIU3 MOPUCTON CTPYKTYpPhI ITPOBOAMIICS 110 PABHOBECHOM afcopOuuu ma-
poB OeH3oI1a.

HccenenoBanust mokasaiy, 4ro 00beM MHKponop oopasios yrieit DAC mensercs B ps-
1y DAC <PAC-6<PAC-8<DPAC-5 = DAC-7; a me3onop - B psany PAC-4<DPAC -7<DPAC -
5<PAC -6<DAC -8.

Copbuuto pammonykmuaa Tc(VII) mpoBoaunm u3 ciabOKUCIBIX PacTBOPOB (10’3 M
HNO3). Oxkazanock, 4To HauboIbIIeH COPOIOHHON aKTHBHOCTHIO 10 oTHOmIeHuto K Tc(VII)
obmanaer obpazeny PAC-6 - KOIPPUIUEHT pacnpeeNeHus] TP ITOM JOCTHracT 3HAYCHHS
4,3-10* ev’/r. Ecii paccMOTpeTh JAHHbIE [0 H3YUSHHIO TOPHCTOCTH HA EPEIHCICHHBIX 06-
pasiax, To BUIHO, 4To obpazeny PAC-6 obrnamaeT HanOONBIIIM 00BEMOM ME30MOp 10 CpaB-
HEHHIO ¢ IpyruMu oOpa3uamMu 1 HauGomblieil mupuHoi Mukponop. OYeBHIHO, YTO HAJIUYUE
OOJIBIIIOTO KOJMYECTBA ME30IOp C JOCTATOYHOH IIMPHUHOH CHOCOOCTBYET COpOLMU HOHOB
Tc(VII). CopbunoHHOE paBHOBECHE Ha JaHHOM oOpasiie ycTaHaBiuBaetcs B TeueHue 0,5 yaca
U TP 3TOM B JIaHHBIX ycloBUsX copOupyercs npaktudecku 100% Tc(VII), naxoxsierocs B
pacTBope.

HcenenoBanust nokasaiy, 4To 00beM MHUKPOIOpP 00pa3iioB aKTHBUPOBAHHBIX YIJICH Me-
msiercs B pagy BCK-1 <BCK-3 <BCK-5, a me3onop - B pagy BCK-3 < BCK-1 < BCK-5. Ak-
TUBHMPOBAHHBIE YIJIM TOKA3aJI XOPOIINE COPOLMOHHBIE CBOMCTBA MO OTHOLICHHIO K MOHAM
Tc(VII). Kak oka3zanocs, Hanbonee 3ddexTrBeH B qaHHOM mporecce odpasen yriast BCK-5,
obaaroIuii HanbobIIeN yIeIbHOMN IIIOMAAbI0 TOBEPXHOCTH U HAOOIBIINM 00BEMOM Me-
30m0p - K03 dumuent pacrnpenenenus npu copoimu Tc(VII) atum 0Opasmom gocturaer 3Ha-
genns 2,2:10% eM/r.

N3zyuenne xunetuxu cop6buuu noHoB Tc(VII) mokaszano, uTo MexaHu3M copOLMH pa-
JMOHYKJIH/Ia Ha BCEX M3YYEHHBIX COpOEHTaxX JOCTaTO4YHO ciokeH, Ha yrisix BCK uner B
cMemaHHoAN(G(Y3MOHHOM pexuMe, BIUSHUE MICHOYHOH IuQy3un yBeINUUBACTCS B PSLY
DAC-6< PAC-7<PAC-4<PAC-3, T.K. B yKa3aHHOH IOCIEJOBATEIbHOCTH yBEINUHBAETCS
TOJIIIMHA TUICHKH.
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STUDY OF INFLUENCE OF POROSITY OF CARBON NANOMATERIALS ON
THEIR SORPTION PROPERTIES IN RELATION TO Te(VII).
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A. N. Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of
Sciences, building 4, 31 Leninsky prosp., 119071 Moscow, Russian Federation.
E-mail: popovann@gmail.com

Influence of porous structure of samples of carbon materials FAS and coals of mark VSK on
their sorption properties in relation to the Tc(VII) has been studied.

At the first stage the porous structure of the samples chosen for researches has been in-
vestigated. The analysis of porous structure was spent on equilibrium adsorption of steams of
benzene.

Researches have shown that the volume of micropores of samples of coals FAS changes
among FAS-4 < FAS-6 < FAS-8 <FAS-5 = FAS-7; and a mesotime - among FAS-4 <FAS -
<FAS-5 <FAS-6 <FAS-8.

Sorption a radionuclide of the Te(VII) spent from subacidic solutions (10° M HNO3). It has
appeared that the greatest sorption activity in relation to the Tc(VII) sample FAS-6 possesses
- the distribution factor thus reaches values of 4,3+10* sm®. If to consider the data on porosity
studying on the listed samples it is visible that sample FAS-6 possesses the greatest volume of
a mesotime in comparison with other samples and the greatest width of micropores. It is ob-
vious that presence of a considerable quantity of a mesotime with sufficient width promotes
sorption ions of the Tc(VII). Sorption balance on the given sample is established within 0,5
hours and thus in the given conditions practically 100% of the Tc(VII) which are in a solution
is sorbt on the sorbent.

Researches have shown that the volume of micropores of samples of the activated coals

changes among VSK-1 < VSK-3 < VSK-5, and a mesotime - among VSK-3 < VSK-1 < VSK
-5. The activated coals have shown good sorption properties in relation to ions of the Tc(VII).
As it has appeared, the sample of coal VSK-5 possessing the greatest specific square of a sur-
face and the greatest volume of a mesotime is most effective in the given process - the distri-
bution factor at sorption the Te(VII) this sample reaches values of 2,2¢10* sm®.
Studying of sorption kinetic ions of the Tc(VII) has shown that the sorption mechanism a ra-
dionuclide on all studied sorbents is combined enough, on coals VSK goes in mixeddiffusion
mode, influence of film diffusion increases among FAS-6 < FAS-7 <FAS-4 <FAS-3 since in
the specified sequence the thickness of a film increases.
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BO3MOXHOCTHU NNOJIYYEHUSA YIJIEPOAHBIX COPBEHTOB
C PA3JIMYHBIMU TEKCTYPHBIMUA ITAPAMETPAMUA HA OCHOBE
MNOJIMAKPUJIOHUTPUIBHBIX (ITAH) BOJIOKOH

M.B. 3axaposa’, }0.T. Kpsokes', T.W. T'ymsiea”, B.A. Jlposnos , B.51. Bapmasckuii'
*Omckuii nayunviti yenmp CO PAH,
" VYupeoicoenue Poccutickoii akademuu nayk Hncmumym npobrem nepepabomku
yeneeodopooos Cubupcrkoeo omoenenus PAH (MUY CO PAH),
340 “XK "Komnosum”, 644040, 2. Omucx, yn. Hepmesagodckasi, 54.
E-mail:kriaghev@ihpp.oscsbras.ru

Llens raHHOM PabOTHI - HCCIIEOBAHUE BOSMOKHOCTH CHHTEC3a HAHOIOPHCTBIX YIJICPOJI-
HBIX COPOCHTOB IyTeM MOa00pa TEMIIEPAaTypHOTro pexiuMa Tepmoodpadbotku [TAH-BomokoH,
HPOLICAIINX IPH NPOU3BOJCTBE JHUIIb IEPBYIO CTaAuI0 (HOPMUPOBAHUS YIICPOIHON CTPYK-
TYPBI — TEPMOOKHCIUTENBHY0 06paboTKy 1o 250 °C.

TepmoobOpabotka 1mkan3oBanHoro I[TAH-BomokHa mnpoBoaunack B J1abOpPaTOPHOM
TpyO4aToil IIe4 B TOKE YIJIEKHCIIOro ra3a. BeUlM HaiiieHB! yCIOBHS KOHTPOJIUPYEMOro pas-
BHUTHS LIOPHCTOH CTPYKTYpEI B yriepogHoM ITAH-BonokHe Ha paHHHX CTangusXx (pOpMHpOBa-
HHS yITIEPOJHOTO CKeJleTa ¢ IIHPOKOH BapHalieil TeKCTYPHBIX XapaKTepPUCTHK:

- MHKpPOIOPHCTBI ¥ yJIbTPa-MHKPOIOPHUCTBIH MaTepHall ¢ MOHOMOJAJIBHBIM pacIpese-
nerneM nop no pasmepam (ITAH-mukpo);

- Martepual ¢ Pa3BUTOH MHKPO- H ME30HOPHCTOCTBIO ¢ OMMOJANBHBIM paclpene/cHHeM
nop o pasmepam (ITAH- me3o0');

- ME30IOPUCTHI MaTepHal C MOHOMOAIBHBIM pacHpefeliecHHeM IOop IIO0 pa3Mepam
(TTAH- me30?).

Tabmuma 1. [TapameTpsl HOPUCTOM CTPYKTYPhI aKTHBUPOBAHHBIX yraepoansix [IAH Bomokon

O6pasery | Sper, MY/T | Vi | Ve | 2Vimi (TO3M), | *Vimi(DFT), | 3V(DFT),
e/t | em/r cM’ /T cM’/r cm’/T
ITAH-Muxpo 1044 0,441 | 0,031 0,373 0,347 0,367
TTAH-Me30' 1493 1,006 | 0,716 0,402 0,265 0,881
TTAH-me30° 1777 0,887 | 0,259 0,499 0,452 0,755

AcOpOIIMOHHBIE CBOMCTBA MOTY4SHHBIX 00Pa3Il0B OIIEHUBAIUCH 110 BETHMYMHE aICOPO-
MU T1apoB OeH3osa. XapakTepUCTHKH TIOPUCTONW CTPYKTYPhI PACCUMTBIBAIM 0 H30TEpPMam
azcopOIy CTaHIapTHEIX ancopOTuBoB asota (mpu 77 K) u yrmekucinoro rasza (nmpu 273 K).
Kpussie pacnpenenenusi mop mo pasmepam (PSD) monywanu ¢ HCIONBE30BaHHEM PACUeTHOrO
obmenpunsitoro Merona BIH (Ju1s Me301op) 1 4KCIeHHOr0 MeTo/ia HEJIOKTILHOM Teopun (pyHKIIHO-
Hanta wiotHocTH NL DFT (qu1st orieHKr MUKpPO- 1 ME30TIOp).

BbIsiBIICHHBIE CYLIECTBEHHBIE PA3JIMUMs B JOCTHIAEMBIX IapaMeTpax MOPHCTOH CTPyK-
Typbl B 3aBHCHUMOCTH OT YCJOBHH TepMOOOpaOOTKM 00YyCIaBIMBAIOTCA TEM, YTO B TEPMO-
okucnenHoM [TAH BoJokHe, SBISIOIEMCS TTOJYIPOAYKTOM B IPOU3BOJICTBE YIIIEPOAHBIX BO-
JIOKOH KOHCTPYKIIMOHHOT'O Ha3HAYeHWs, elle He JOCTUTAIOTCS XapaKTepHbIE /Ul KOHEYHOTO
YIJIEPOHOr0 MaTepHalia BbICOKas IUIOTHOCTb, PETYJISIPHOCTh CTPYKTYPbI H YCTOHYHBOCTD K
OKHCITUTETIBHBIM Cpe/iaM, 4TO 00JierdyaeT KOHTPOIUPYEMBIH CHHTE3 HAaHOIIOPUCTOTO BOJIOKHHU-
croro copOeHra.
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The aim of this work is studying the possibility of synthesis of nanoporous carbon sor-
bents by selecting the heat treatment terms of PAN-based fibers subjected to thermal oxida-
tive treatment up to 250 °C (the first stage of carbon structure formation).

Heat treatment of cyclized PAN fibers was carried out in a laboratory tube furnace un-
der a carbon dioxide stream. The conditions of controlled development of pore structure in the
PAN-based carbon fiber in the early stages of carbon skeleton formation were found. In this
case a wide variation of texture characteristics has been demonstrated:

- microporous and ultra-microporous material with a monomodal pore size distribution
(PAN-micro);

- micro- and mesoporous material with bimodal pore size distribution (PAN-mezo");

- mesoporous material with a monomodal pore size distribution (PAN-mezo?).

Table 1. The parameters of the porous structure of activated carbon fiber PAN

Sample Sper, mYg |V, Vimes | Vmi (TVFMP), | V,,i(DFT), V(DFT),
em’/g | cm’/g cm’/g cm’/g cm’/g
PAN-micro 1044 0,441 | 0,031 0,373 0,347 0,367
PAN-mezo' 1493 1,006 | 0,716 0,402 0,265 0,881
PAN-mezo’ 1777 0,887 | 0,259 0,499 0,452 0,755

The adsorption properties of the samples were evaluated by the adsorption of benzene
vapor. The porous structure characteristics were calculated from the adsorption isotherm of
standard adsorptives: nitrogen (at 77 K) and carbon dioxide (at 273 K). The curves of pore
size distribution (PSD) were obtained using the current conventional method of BJH and the
numerical method of nonlocal theory of density functional NLDFT.

Significant differences in the obtained parameters of porous structure depending on heat
treatment conditions are caused by the fact that the thermal oxidized of PAN fiber, which is
the intermediate product in the production of carbon fibers for constructional purposes, has
not yet reached the final characteristic of the carbon material: high density, the regularity of
the structure and stability to oxidative environments that facilitates the controlled synthesis of
nanoporous fibrous sorbent.
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NPUMEHEHHUE ME30IIOPUCTBIX YIJIEPOAHBIX COPBEHTOB B
HUCCIEJOBAHUU AJICOPBIIMU AMUHOKHUCJIOT U ITIEITUI0B
XPOMATOI'PA®OUYECKUMU U MACC-CIEKTPOMETPUYECKUMU
METOJAMM
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u anexmpoxumuu um. A.H. @pymrxuna PAH, 119991 Mocxkea, Jlenuncxuil np., 31, xopn. 4.
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B Hacrosiiiee BpeMst BO3poc HHTEpeC K Ooee MMPOKOMY UCIOIb30BAHUIO YITIEPOIHBIX
MaTEepHaJIOB, B TOM YHCIE CaX, Oyarojapsi pasHOOOpa3HI0 MX CBOMCTB, OOYCIIOBJICHHBIX
CTPYKTYPHBIMH M TEKCTYPHBIMU OCOOCHHOCTSIMH M XMMHUYECKUM COCTOSHUEM IOBEPXHOCTH.
VY ienbHas MOBEPXHOCTh PAa3IMYHBIX KJIACCOB CaX W3MEHsieTcs B quamna3oHe ~ ot 10 go 1500
M/r. KpoMe Toro, MOKHO BapbHPOBATH XHMHUECKOE COCTOSHHUE TTOBEPXHOCTH - OT rpaduTh-
POBaHHOW CaXH — 10 OKHUCICHHOW Cakh. DTO OOECIeYnBaeT YCIEIIHOE MPUMEHEHHUE THX
COpOEHTOB B aHAIN3¢ AMUHOKHCIIOT U MENTHA0B METOJO0M MacC-CIIEKTPOMETPHU MaTpUYHO-
aKTUBHUPOBAHHOM Na3epHOil necopOrmu/nonmanun (MAJIJI) u BeICOK03()HEKTHBHOM KHI-
KocTHOM xpomatorpadun (BOXKX).

Lenb paGoThl cocTosIa B MCCIEOBAHUN aCOPOLMHM aMUHOKHCIIOT U IENTHJIOB Ha T10-
BEPXHOCTH YIJIEPOIHBIX COpOEeHTOB. OOBEKTaMH HCCICAOBaHHS ObUTM aMHHOKUCIOTHI pas-
JIMYHBIX KJIACCOB U METITHIbIL.

IIpu npoBeneHHH Macc-CIEKTPOMETPUUECKOr0 SKCIEPHUMEHTA UCIIOIb30BaIU IpadUTH-
poBannble caxu: Tepmuueckas Sterling MT (I'TC) u neunast [IM-16D ¢ yznensHO# TOBEpXHO-
cTbI0 7.6 1 16 M/T, COOTBETCTBEHHO; HerpadUTHpOBAHHBIC euHbie caxi: TIM-75 1 Vulcan
XC 72R ¢ yuembHO# TOBEPXHOCTBIO 75 W 265 M/r, cOOTBETCTBEHHO. [IpH pasieicHHu Hc-
cllelyeMbIX BelecTB MeToJoM BOXKX ucnonb30Bain KOJOHKY € MOPUCTBIM IpadUTHPOBAH-
HBbIM yriepogoM ['mnepkapOom. Macc-CeKTpOMETPUYECKHI SKCIEPUMEHT BBIIOJIHAIN Ha
MALDI-TOF-BpewmsinponernoM macc-criekrpomerpe Bruker UltraFlex 11, ocHaiennslii naze-
pom c¢ paboueit muHOo# BomHbl 337 M. BOXKX anann3 aMHHOKHCIOT M HENTHIOB TPOBOIHITI
Ha xuzkoctHOM xpomatorpade Agilent 1200 Series (Agilent Technologies, CIIIA). lerek-
THPOBAHUE OCYLIECTBIISUIM C MOMOINBIO JUOAHO-MAaTPUYHOTO JETEKTOpa NP JUIMHAX BOJH
210, 224, 254, 280 um. [TonmwxkHas ¢asa: cmech 0.04 % TpuTOPYKCYCHOH KUCIIOTHI B BOJIE
1 0.04% TpudTopyKCyCHONH KUCIOTHI B aLlETOHUTPHIIE.

B pabote mokazanu, 4TO XapaKTePUCTUKH YACPKUBAHHUSI aMUHOKHCIIOT U MENTHIOB Ha
yriaepoaHoM copbente ['unepkap6e, nomyuennsie Merogom BOXKX, moryt ObITh mpeackasa-
Hbl Ha OCHOBE TEPMOJMHAMHMYECKHX XapakTepuctuk aacopbumu (TXA) sTux BeliecTB Ha
I'TC, paccunTaHHBIX MOJICKYJIIPHO-CTATUCTHYECKHUM METOJIOM.

OueHuIM BIUSHUE XUMUH TOBEPXHOCTH M YIENbHON MOBEPXHOCTU YIJIIEPOIHBIX COp-
OCHTOB Ha aHAJIM3 AMUHOKHUCIIOT U menTuioB MetogoM MAJIJIU. YcraHoBuIM, YTO yBeIHYe-
HHE yJICIbHOM MOBEPXHOCTH CAXX NPUBOAUT K PE3KOMY BO3PACTAaHHUIO MHTCHCUBHOCTH pETH-
CTPUPYEMBIX IMKOB MPOTOHUPOBAHHBIX MOJICKYJISIPHBIX HOHOB M a/IIyKTOB C KaTHOHAMH Ilie-
JIOYHBIX METAJUIOB HCCIICAOBAHHBIX aMHUHOKHCIOT M HenTuioB. Jis HerpaduTHpOBaHHBIX
cax [IM-75 u Vulcan XC 72R nHauboinee npecTaBUTENILHBI IUKH HOHOB a/IyKTOB C KaTHO-
HaMH LIETOYHBIX METAJUIOB @MUHOKHCIIOT M NENTHUAOB. J[pyruM Ba)KHBIM aCIIEKTOM SIBIISIETCS
CYLIECTBEHHOE pa3JIMuie XMMHUYECKOTO COCTOSHHS MOBEPXHOCTH I'paUTHPOBAHHBIX M He-
rpaduTupoBaHHbIX cax. Hannuue KUCIOTHBIX (DYHKIMOHAIBHBIX TPYIIT HA TIOBEPXHOCTH He-
rpadUTHPOBAHHBIX cax, mpexae Bcero kapookcuwibHbix (—COOH, —COONa, —COOK), crmo-
cobecTByeT Goree d(ekTHBHOMY 06pasoBaHmIo amTykToB [M+Na]" u [M+K]* B mponecce ne-
COpOLMH/MOHU3ALIIH.
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CHROMATOGRAPHIC AND MASS-SPECTROMETRIC METHOD

E.S. Kuznetsova and A.K. Buriak
Russian Academy of Sciences A.N Frumkin Institute of Physical Chemistry
and Electrochemistry, 119991 Moscow, Leninsky Prospect 31, Bldg. 4.
e-mail: eskuznetsova8@yandex.ru

Currently, interest has grown to more widespread use of carbon materials, including
blacks, thanks to the variety of their properties due to structural and textural characteristics
and chemical state of the surface. Specific surface area of carbon blacks of different classes
varies between ~ 10 to 1500 m%g. In addition, you can vary the chemical state of surfaces -
from graphitized carbon black - to the oxidized carbon black. This ensures that the successful
application of these sorbents in the analysis of amino acids and peptides by mass spectrometry
matrix-assisted laser desorption/ionization (MALDI) and high-performance liquid chromato-
graphy (HPLC).

The purpose of this work was to study the adsorption of amino acids and peptides on the
surface of carbon sorbents. The objects of investigation were different classes of amino acids
and peptides.

In carrying out mass spectrometry experiments graphitized carbon blacks were used:
thermal Sterling MT (GTCB) and kiln oil KO-16E with a specific surface of 7.6 and 16 m%/g,
respectively; non§raphitized carbon black KO-75, and Vulcan XC 72R with a specific surface
of 75 and 265 m“/g, respectively. In the separation of substances by HPLC a column with a
porous graphite carbon Hypercarb was used. Mass spectrometry experiments performed on
MALDI-TOF mass spectrometer Bruker UltraFlex II, equipped with a laser operating wave-
length of 337 nm. HPLC analysis of amino acids and peptides was performed on a liquid
chromatograph Agilent 1200 Series (Agilent Technologies, USA). Detection was performed
using a diode-array detector at wavelengths field of 210-280 nm. Mobile phase: a mixture of
0.04% trifluoroacetic acid in water and 0.04% TFA in acetonitrile.

We have shown that the characteristics of amino acids and peptides retention on the
carbon sorbent Hypercarb, obtained by HPLC, can be predicted on the basis of the thermody-
namic characteristics of adsorption (TCA) of these substances on the GTCB, calculated mole-
cular-statistical methods.

The effect of surface chemistry and surface area of carbon sorbents for the analysis of
amino acids and peptides by MALDI was evaluated. There was determinate that the surface
area carbon black increasing leads to increasing of the intensity of the detected peaks of pro-
tonated molecular ions and adducts with alkali metal cations of studied amino acids and pep-
tides. The peaks of adducts ions with alkali metal cations of amino acids and peptides are
most representative on nongraphitized blacks KO-75, and Vulcan XC 72R. Other important
aspect is the significant difference of the chemical state of the surface of graphitized and non-
graphitized carbon blacks. The presence of acidic functional groups on the surface nongraphi-
tized blacks, primarily carboxyl (-COOH,-COONa,-COOK), contributes to more efficient
formation of adducts [M + Na]" and [M + K]" in the process of desorption/ ionization.
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AJICOPBIUA HEOTENNPOAYKTOB BYPOYI'OJIbBHBIMHA COPBEHTAMMU

B.A. lompauesa, B.B. Tpycosa
T'OY BIIO HU Hpkymckuii I'ocyoapcmeennviti Texnuueckuii Yuusepcumem 664074 2.
HUpkymck, yn. Jlepmonmosa, 83, E-mail: domra@istu.edu

OnHMM U3 NMEePCHEeKTHBHBIX HANPABICHUH HCIOIb30BAHUS YIVICH HE B QHEPreTHUECKUX
LeJsIX SBISIeTCS. UX nepepadoTKa B COPOLMOHHBIE MaTepHallbl Pa3IMYHOro Ha3HaueHus. Poc-
CHsl pacrionaraeT OoraTeimell celpheBOif 6a30if I MPOU3BOJCTBA COPOLMOHHBIX MaTepHa-
JIOB, YTO JIeNIaeT BO3MOXKHBIM IIOJyYCHHE COPOCHTOB C ONTUMAIBHBIM COYETAaHHEM LIEHBI U
KadecTBa. M3 auTepaTypHbIX HCTOYHUKOB W3BECTHO, YTO OYypOYTroJbHBIE COPOCHTHI 00J1a1al0T
Pa3BUTOH ME30IIOPUCTOH CTPYKTYpOH M MOTYT OBITH YCIICIIHO HCIIOJIB30BAHBI JUIS OYHCTKH
CTOYHBIX BOJ[ OT Pa3IM4YHOTO pojia MPUMEcEH, MPEekIe BCEro TSDKEIbIX METAJUIOB U HedTe-
MPOAYKTOB. B pesynbrare NesATEIBHOCTH NPOMBILUICHHBIX MPEANPUATHI U MpPEXe BCEro
HedTenepepabaThIBAIOINX, IPH HEJOCTATOYHO 3P (HEKTHBHON CTEIEHN OYHCTKHU IIPOUCXONUT
3arps3HEeHHEe BOAHBIX 0OBEKTOB, a TAKKE MOYBBI HeTENpoLyKTaMu. [IpuMeHeHne B KauecTse
COpOCHTOB aKTUBHBIX YIVICH, MOJYy4YEHHBIX HAa OCHOBE MCKOIAEMBIX YIJeil, NpeACTaBiseT
OOJIBIIYIO IIEHHOCTh U TMPAKTHYECKYIO 3HAUUMOCTb JUIsl perroHa Bocrounoit Cubupw, T.K. Ha
ee TepPUTOPUHU HAXOSTCs OONBLINE 3amachl OyphIX yriiei.

VCXOAHBIM CBIPhEM JUIS MOJIYYCHYSI COPOCHTOB MOTYT CIIy>KHTB Oypble yriu Aseiickoro
paspesa TymyHckoro mectopoxxaenust VpkyTckoro yrojpHoro OacceiiHa, J0ObIBacMble B
OCHOBHOM OTKPBITBIM crioco60oM. COriacHO reHeTHYeCKOr KinaccupuKauu yriu A3eiickoro
MECTOPOXKICHUS SIBIISIOTCS OYPHIMH T'YMYCOBBIMH H IO BEJINYHHE €CTECTBEHHOI BIAXKHOCTH
OTHOCATCSL K TEXHUUECKOH Tpymne b-3, mMpuMeHsI0TCs B OCHOBHOM B SHEPreTHYECKHX LEIISX.
OOmmue 3anacel yriist Ha A3eHCKOM MECTOPOXKICHHH COCTAaBISIIOT B HACTOSIIEE BPEMs OKOJIO
100 MIUTHOHOB TOHH. B €CTECTBEHHOM COCTOSHHUHM YIUIH IUIOTHBIC, OTHOCHTEIBHO KPEIKHE,
BSI3KHE, BIAXHBIC, IOIyMaTOBble M HONyOiecTsiue. Bypblii yromb uMeer cieayoliue
xapakrepuctuku: (%): W' —25,5; AY - 23.4; V- 48,9; €%~ 72,4, H¥ — 52, N¥' 1,7, 8%
— 1,0. ITomyueHHe YIJIEPOTHBIX COPOCHTOB IPOBONIIU IIO YIPOIICHHON KJIACCHYECKOM
TEXHOJIOTUH, BKJIIOYaronleil kapOoHHU3aluio ¥ akTHBauuio. KapOoHM3amuo mpoBoguIn pu
TeMIepaType 800°C, BpeMsl BbICPKKA 60 MUHYT. AKTHBALMIO IPOBOJWIN BOJSHBIM ITapoOM
(4-5 r BogsHOTO Mapa Ha 1 r kapGouusara) npu Temreparype 830-850°C B teuenue 1,5 yaca.

[Mony4yeHHBIN aKTHBHBIA Yrojib Ha OCHOBE Oyporo yris HMeeT clieayroume (GU3HKOo-
XHMHYECKHE ¥ COPOLMOHHBIC XapaKTEPUCTHKHM: HACHITHAS IUIOTHOCTh - 0,66 r/cm’,
CyMMapHas TIOPHCTOCTh 110 BOJOMOTIOMICHHIO- 0,52 cM’/r, aKTHBHOCTH 10 Homy — 43,66%,
a7IcCOpOIOHHAS aKTHBHOCTH [0 METHUIICHOBOMY Troiyoomy - 11,65 mr/r.

HNccnenoBana ancopOuust He(TENPOIYKTOB (AM3ENBHOTO TOIUIMBA) B CTaTHYECKUX
YCIOBHSIX M3 MOJENBHBIX pAacTBOPOB. BoxHble pacTBOpH HE(TEHNPOSYKTOB IOTyYalH
nepeMelInBaHueM He(PTenpoayKTa ¢ AUCTHUIMPOBAHHOW BOAOW ¢  MOCIEAYIOLIUM
OTCTaUBAaHUEM M pa3/ielieHHeM BOJHOW M opraHudeckoi ¢as. Ilpouecc ancopbuuu
HEe(TEIIPOAYKTOB HCCICHOBAH IIPU OLCHKE BIMSAHUA Da3iIMYHBIX (HAKTOPOB — BPEMEHH
KOHTaKkTa copOeHTa ¢ pactBopoM, pH cpempl. DKcHepUMEHTaIbHBIMH HCCIEIOBAHUAMU
YCTaHOBJICHO, 4YTO MAaKCHMallbHas COPOLMOHHAs €MKOCTb aKTHUBHOILO yIris IO
HedTenpoaykraM Habirogaercss B obnactu 3Hadenuit pH=7,0-7,4, onTuMmanbHOe Bpems
copbumu coctapisier 240 munyT. Cratndeckast oOMeHHasi eMKocTh 17 Mr/r. Takum oOpazom,
HpEABapUTENIbHBIC  HMCCICNOBAHMS  IIO3BOJIIOT  CHETaTh  BBIBOA O  BO3MOXKHOCTH
UCIIONB30BaHUs COPOCHTOB Ha OCHOBE OypOro yriist A3eliCKOro MECTOPOXKACHHUS VISl OUHUCTKH
CTOYHBIX BOZ OT HE()TEHPOAYKTOB.
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One of the most upcoming trends in non-energetic charcoal using is nowadays its con-
version into sorbtion materials of various applications. Russia possesses the richest raw ma-
terial base for sorbtion material production, that give us the possibility to make sorbets with
optimum price-quality balance.

It is known from literary sources that lignite sorbents have a developed mesoporous
structure and can be successfully used for sewage water purification from different inclusions
like heavy metals and oil products. The activity of industrial enterprises, primarily refining
ventures, with non-sufficient purification degree causes the pollution of water bodies and soil
by petroleum derivatives. The use of activated carbon (derived from mineral coal) as a sor-
bent is of a great value and practical relevance for Eastern Siberia region since its territory
possesses vast stocks of brown coal.

Brown coal of Azeisk mine in Tulun coal field of Irkutsk coal basin, which is usually
mined by open-casting method, may serve as a raw feedstock for sorbents producing.

According to genetic classification, Azeisk mine’s coal is a brown humic coal and can
be referred to the technical group B-3 by the rate of natural humidity. Such kind of brown
coal is mostly applied for energetic purposes.

The coal reserves of Azeisk mines estimate nowadays about 100 million tons in total. In
its natural condition the brown coal is tough, relatively solid, viscous, semi-dull and semi-
bright. It has the following characteristics: (%): W' — 25,5; A — 23.4; V¥*_ 48 9; % _ 72.4;
H® —5,2; N%_ 1,7, 8% - 1,0.

Carbonic sorbents production was carried out by a simplified classic technology in-
cluded carbonation and activation processes. Carbonation was done at the temperature of
800°C, holding time is 60 minutes. Activation was performed by steam (4-5 gr. of steam per 1
kg. of carbonated coal) at the temperature of 830-850°C during 1,5 hours.

Active charcoal derived from brown coal has the following product properties and sorp-
tion characteristics: bulk weight - 0,66 gr/cm’, ultimate void structure of water absorption -
0,52 cm®/gr, iodine activity — 43,66%, adsorption activity of methylene blue - 11,65 mg/gr.

Adsorption of petroleum products (diesel fuel) out of synthetic brine was examined in
static conditions. Water solution of oil products was obtained by intermixing of an oil product
and distilled water succeeded by assertion and division into water and organic phases. Petro-
chemicals adsorption process was studied together with an impact assessment of various fac-
tors — contact time of a sorbent with solution, pH environment. Experimental researches
proved that maximum sorption capacity of activated charcoal is observed in the range of val-
ues pH=7,0-7,4; optimal sorption time is 240 minutes. Static exchange capacity is 17 mg\gr.

Thus, preliminary researches allow us to make a conclusion about the availability of
sorbents on the basis of brown coal of Azeisk coal-mining field to be used for cleaning of se-
wage water from petrochemicals.

143



0 BO3MOKHOCTHU UCHOJIb30OBAHUS MOHI'OJIbCKUX YTJIEHN
JUISA TOJIYYEHUSA COPBEHTOB

B.A. lompauesa, Iuiipas 'angannop:x, E.H. Bemesa
HU Hpxymckuil 20cydapcmeenublil mexHuYecKutl yHueepcumen,
664074, 2. Upkymcxk, ya. Jlepmonmosa, 83. E-mail: domra@istu.edu

B HacTosiiiee BpeMsl yBEIHUUBACTCS 3arpsI3HEHNE OKPYKarowleil cpesibl, 0COOCHHO THI-
pocdepsl B pe3yibTaTe MHAYCTPHAIU3ALMH, OOBIYN U Pa3pabOTKHU MOJIE3HBIX UCKONAEeMbIX.
Pemenne 3Tux npo6iaeM HaXOJUTCS B LICHTPE BHUMAaHUS BCcero 4yenoBeyecTBa. OHA U3 Bax-
HBIX 3a]a4 — OYMCTKa cTOUHBIX BoJ (CB) mpeskie Bcero mpoMBIIUICHHBIX OT TSDKEJBIX MeTall-
JIOB.

Bonbmioe BHuMmanue st ounctku CB ynensercst yriepomubiM copbentam (YC) ¢
BBICOKOH yIIENBHOW TOBEPXHOCTHIO, BHICOKOPA3BUTON MOPUCTOM CTPYKTYPOH M HATHUHUEM
pa3sHooOpa3HbIX (YHKIMOHAJBHBIX TPYNI Ha MOBEpXHOCTH copOeHta. ChIpbeM st
nonydenus: YC, 00s1ajalomux BHICOKMMH TPOYHOCTHBIMU CBOMCTBaMH U OOJBIINM 00BEMOM
op MOTYT OBbITh ApeBeCHHA (B BHIE OMWIIOK), JAPEBECHBIH yronb, TOp(, TOPQSIHOW KOKC,
HCKOTIAeMBIX YIIIH M TSDKEIbIE OTXO/bI He)TH, a TaKk)Ke HETPaJUIOHHBIE MaTEepHAIIbl, TAKHE
KaK, CKOpJIyNa pasiH4YHBIX BHUIOB OpeXOB, (pyKTOBbIe KocToukd ¥ jp. [Tomydenue YC u3
HCKONAEMBIX OKHCIICHHBIX YIJIeH, He HCIOJNB3YIOIMXCS B JHEPreTHKe, UMeeT OOoJbIIoe
MIPaKTHYECKOE U SKOHOMUYECKOE 3HaYCHHE.

Hacrosinas paboTa mocBsiieHa oTpaboTKe ONTHMAaNbHBIX ycaoBHi moiyuenus YC u3
OKHCJIEHHBIX OYpBIX yIjiell MOHTOJIbCKUX MecTopoxaeHuit baranyp u 11lue3-OBo. Hccnenye-
MbIe OypbIe YT OTHOCSTCS K MAJIOCEPHHUCTBIM, C HEBBICOKUM cojepxkanueM 30dbl. 1o cre-
MEeHH yrie(UKalul YIiid OTHOCATCS K TexHojoruueckoi rpynmne 2b-16, 2b. IMonydenne YC
MIPOBOIMIIN TIO YIIPOIICHHOMN KJIACCHYECKON TEXHOJIOIMH, BKIFOUAOIeH KapOOHH3AIUIO U TTa-
poraszoByro akTuBanuio. VccieqoBaHue MOBEPXHOCTH yIVIeH U COPOCHTOB HAa MX OCHOBE Me-
togamu MK-cekTpoCKOIMU U 3JIEKTPOMHUKPOCKONUH TI0Ka3aJI0, YTO MPU KapOOHU3ALUH 00-
Ppa3yroTcs yriiepoiHble MaKpOCTPYKTYPBI, TI0C/IE apora3oBOi aKTHBALMK — IOPUCTAst CTPYK-
Typa 1 HOBbIC (DYHKIMOHAIBHBIE IPYMIIBL. B pe3ysbrare uccinenoBaHuii ObUIN TONYYEHBI Clle-
JYIOIHE XapaKTePUCTHKU MOTy4eHHBIX Y C:

1. [na axmuenoeo yens na ochose Oypozo yens baeamypckozo mecmopodicoenus:
HachimHas MI0THOCTH — 0,50 T/cM’; CyMMapHas MOPHCTOCTb IO BOZONOTIOmeHHIO- 0,70
CM3/r; aKTHBHOCTh 10 Hoxy — 47,6%; ancopOLMOHHAs AaKTUBHOCTE MO METHJICHOBOMY
ronybomy - 11,66 mr/r.

2. [na axmugHnoz2o yens Ha OCHOge 0ypozo yens Mmecmopodxcoenus Lluer-Oso:
HACHINHAS IIOTHOCTH — 0,52 r/em’; CyMMapHas MOPUCTOCTh MO Bopomnoriomenuto - 0,80
cM’/r; aKTHBHOCTH 1O Homy — 67,4%; aicopGLHOHHAs AKTHBHOCTH IO METHIICHOBOMY
roiy6omy - 16,07 mr/r.

Jlnst uccnenoBanus mporecca copOIMu ObUTH OnperesieHbl onTuMaibibie pH 1 Bpems
copOuuu At pa3HbIx MetaiuioB. OntumanbHas ooaacts pH s copouuu nonos Fe (11, 1) u
Mo (VI) — cnaboxkucnas mist nonos Cu (II) — cmabomenounas, Bpemst coponuu noHos Fe (11,
1) u Cu (II) cocrasmsier 90-120 mun, qis nornoB Mo (VI) — 240 mun. B cratndeckux yciaoBu-
sIX OBLIM TIPOBEACHBI UcclieoBaHus 110 aacopOimu noHoB meau (II), sxenesa (11, IIT) u Mo (VI)
Ha nonydeHHblX YC B uHTepBane KoHueHtparmii 10-15 mr/n. MakcumarnbHas eMKOCTb IO
Cu®* cocraBuna 8,7 mr/r, o Fe** - 11,3 mr/r, mo Fe** - 8,8 mr/r u no Mo®" - 7,1 mr/r.

Takum 00pa3oM cpaBHEHHE (DU3MKO-XUMHYECKHX W COPOIMOHHBIX XapaKTePHCTUK
nony4eHHbIX YC Ha OCHOBE MOHTOJBCKHX YIJICH C MPOMBINIICHHBIMH aKTHBHBIMHU YIJISAMH
MO3BOJISICT C/ENATh BBIBOA O BO3MOXKHOCTH HCIIOJNB30BaHUS MX Uil ouucTku CB oT MoHOB
TSKEJIBIX METaJLIOB.
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Today, pollution of the environment increases, especially in the hydrosphere as a result
of industrialization, mining and exploitation of mineral resources. Solving these problems is
the focus of all mankind. One of the important problems — cleaning of sewage waters (SW),
primarily industrial waters from heavy metals.

Much attention is paid to clean SW by means of carbon sorbents (CS) with high surface
area, highly porous structure and the presence of various functional groups on the surface of
the sorbent. Raw material for producing CS, with high strength and large pore volume can be
wood (in the form of sawdust), charcoal, peat, peat coke, mining coal and hard oil residues, as
well as non-traditional materials such as shells of different types of nuts, fruit seeds and
others. Obtaining CS from the fossil oxidized coals that are not used in the energetics is of
great practical and economic importance.

This work is devoted to working out the optimum conditions for obtaining CS from
oxidized brown coal of Mongolian deposits Baganur and Shiwee-Owo. Investigated brown
coals have low-sulfur and low ash content. According to the degree of coalification these
coals refer to the technological group 2B-1B, 2B. Coals CS were produced according to the
simplified classical technology, including carbonization and steam-gas activation.
Investigation of the surface of coal and the sorbents based on it by the infrared spectroscopy
and SEM showed that carbonization produced carbon microstructure, after the vapor-gas
activation both a porous structure and new functional groups were formed. The studies
yielded the following characteristics of the CS coals:

1. For active carbon based on brown coal deposits Baganur: the bulk density - 0.50
g/em®, total porosity for water absorption of 0.70 cm’/g; activity for iodine - 47,6%;
adsorption activity for methylene blue - 11.66 mg/g.

2. For active carbon based on brown coal deposits Shiwee-Ovo: bulk density - 0.52
g/em’, total porosity for water absorption - 0.80 cm?/g; activity for iodine - 67,4%; adsorption
activity for methylene blue - 16, 07 mg/g.

To study the sorption process optimum pH and adsorption time for different metals were
determined.

The optimal pH range for sorption of Fe (I, I1I) and Mo (VI) ions is weak acidic, for Cu
(IT) ions — weakly alkaline, the time of contact of Fe (II, III) and Cu (II) ions is about of 90-
120 min, Mo (VI) ions — 240 min. In static conditions, the adsorption of Cu (II), Fe (I, III)
and Mo (VI) on the received CS was studied in the concentration range of 10-15 mg/l.
Maximum capacity of Cu®* was equal to 8.7 mg/g; Fe’* — 11,3 mg/g; Fe** — 8,8 mg/g and
Mo® — 7.1 mg/g.

Thus, a comparison of physicochemical and sorption characteristics obtained at CS
coals based on Mongolian coal with industrial activated carbon allowed to make a conclusion
about possibility of using them for cleaning the SC from heavy metal ions.

145
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AKTUBHMpPOBaHHBIE YIJIN 00JIA/IAI0T IOPUCTON CTPYKTYPOH C HIMPOKUM U3MEHEHHEM IOp
no pasMepaM. M.M. JlyOMHUH KIacCHGUIUPYET IOPUCTYIO CTPYKTYypY KaK COIEpIKallyio
Makpo-, Me€30- U MUKpOMops! [1]. Mukpomnopucrasi CTpyKTypa TaKke UMEeT paclpenesieHie
nop 1o pasmepam. Oco60 MOXKHO BBIAGJIUTH YJIBTPAMHUKPOIOPEI, pa3Mepbl KOTOPBIX ONU3KH
pa3MepaM TecTOBBIX BemlecTB. IlyTeM H3MepeHHs H30TepM aACOPOLMU TECTOBBIX BEILECTB
PACCUUTHIBAIOTCA MapaMeTPhl MUKPOIOPUCTONH CTPYKTYPhl aKTHBHBIX yIJIeH M OLCHHBACTCS
UX Me30IopucTas CTpyKTypa. MHTepec npecraBiseT CpaBHEHUE PACCUUTHIBAEMBIX MapaMeT-
POB HOPHCTOH CTPYKTYpBI IPH MCIOIb30BAHUU a30Ta U O€H301a B KayeCTBE TECTOBBIX Be-
IIECTB.

OOBEKTOM HCCIIEIOBAHUS CITY>KMJIM AKTUBHBIE YIJIH, IIOJyUYSHHbIE HA OCHOBE IOJIUMEp-
HOTO CBIPbSl, C Pa3HBIMH PEXXUMaMH KapOOHM3AIMU M CTCIEHbIO aKTHBHPOBAHUA. YTIJIHU IPO-
usBezeHbl Gupmoit biaroxep (Dpkpat, ['epmanus). AHAIM3UPOBAIKNCH BETHYHHBI a1CcOPOIHH
TECTOBBIX BellecTB npu @@, = 1: asora npu 77 K (W, eM/r) 1 Gensona mpu 293 K (W5,
eM*/r). Jlis BeeX JeBATH 0GpasioB 3HaueHus Wy, MPEBOCXOIWIN IO BETHUHHE 3HaUeHHs W .

IIpoBeneHbl anNpoKCUMALMK pPa3HULBl BEJIMYUMH aJCcOpPOLMH TECTOBBIX BELIECTB
&= Wy — W5, OOHapyKeHO, 4TO JHHEHHbIe 3aBucHMOCTU &= F(W5) u &= F(W4y') He sABIA-
I0TCSI YAIOBIIETBOPHTENbHBIMU. K03 HIIeHTbI KOppeAMY I HUX PaBHBL, COOTBETCTBEHHO,
0,683 n 0,754.

HenocpencreenHoe cpaBHeHue 3HaueHUi Wy 1 Wy MPUBOMUT K BECbMa yJOBJIETBOPH-
TEJIbHON JIMHEHHOH 3aBUCHMOCTH C BBICOKMM KO3((PULHUEHTOM KOPPENISLUU

Wy = L13 Wy + 0,09 (R? = 0,993) 1)

IMomy4ueHHast KOppeALUs O3HA4aeT, YTO MOPHUCTas CTPYKTypa aKTHUBHBIX yIieH, ¢op-
MHpyemasi B Iporeccax kapOOHM3allMu U aKTHBALUM, UMEET COOCTBEHHbIE 3aKOHOMEPHOCTH
cBoeii Tpancopmaruu. IIpu 3ToM cootHomenus mMexny Wy u WyMano usMensiores B npo-
Liecce aKTHBALUH.

Benuuuns! 3HaueHut Wy u Wa ompenemnstorcs aByms daxropamu. IlepBblii u3 HuX 3a-
BHCHT OT HaJM4HA YJIbTPAMHKPOIOP, aACOPOIHS B KOTOPBIX HEJOCTYNHA A 6oee KPyIHBIX
MosteKys Oen3ona. Eciau npuHuMaTh BO BHUMaHKE 3TOT (akTop, TO, UCX0d u3 ypaBHeHus (1),
MOXKHO IPEIIION0XKUTh, uTo Ipu Wy = ©, yacTe mop OyzAeT AOCTYNHA JUls MEHBIIMX 10 pa3-
Mepy Mosiekyn asota u Wi, = 0,09 em?/T.

Kpome Toro, BenumunHsl Wy u Wy mpu GONBIINX JAaBICHUSAX Hapa MOTYT 3aBUCETh OT
BEJIIMYHHBI aJICOPOIIUH B ME30II0paXx, IIPOUCXOAIIEH 110 MEXaHU3MY KaIlMULIPHOH KOHJEHCa-
1uy. BemnduHa MOBEPXHOCTHOTO HATSDKEHMS O€H3071a MPEBOCXOJUT BEIMYHHY MOBEPXHOCT-
HOrO HATSHKEHMS a30Ta. B aToM ciydae crienyer oxunars, 4to By nmpu npounx paBHBIX yc-
noBUsAX OyzneT mpesblaTh 3HaYeHus Wy . [IpencraBisiercs akTyanbHbIM JaibHeHIee u3yde-
HHE aAcopOUPyeMOCTH a30Ta U OEeH30J1a C YYeTOM HX aIcOpOLHN Kak COOCTBEHHO B MHKpO-
Hopax, TaK M B ME30II0pax [0 MEXaHU3MY KalWULIPHOH KOHIEHCAIHH.

1. M.M. IyOunun. [lopucras cTpyKTypa U aJcopOLMOHHbIC CBOWCTBA aKTUBHBIX yriiei. 1965.
M. BAX3.
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ADSORPTION OF BENZENE AND NITROGEN ON ACTIVATED CARBONS
WITH VARIOUS DEGREES OF ACTIVATION

'B. Bochringer, 'S. Fichtner, *A.V. Larin
Bluecher GmbH, Mettmanner Str., 25, D-40699 Erkrath, Germany,
e-mail: Bertram.boehringer@bluecher.com
Frumkin Institute of Physical Chemistry and Electrochemistry of the Russian Academy of
Sciences, the Russian Federation, 119071 Moscow, Lenin Pr., 31.
e-mail: larin@phyche.ac.ru

Activated carbons have a porous structure with a wide variation of pore sizes. M.M.
Dubinin classifies it as a porous structure containing macro-, meso- and micropores [1]. The
microporous structure also has a distribution of pore sizes. Especially it can be distinguished
ultramikropory whose dimensions are close to the size of the some test substances. By mea-
suring the adsorption isotherms of test substances it is possible to calculate parameters of mi-
croporous structure of activated carbons and to evaluate their mesoporous structure. It is in-
teresting to compare the calculated parameters of porous structure by using nitrogen and ben-
zene as test substances.

The objects of investigation were activated carbons derived from polymer material,
with different modes of carbonization and degree of activation. Carbons are made by Blucher
(Erkrath, Germany). We analyzed the magnitude of adsorption of test substances at /@, = 1
nitrogen at 77 K (Hy, cm’ / g) and benzene at 293 K (WG, cm’/g). For all nine samples ex-
ceeded the value Wy was larger than the value of .

The difference in the adsorption of test substances was calculated as &= Wi — Wy It
were found that the linear dependences of &= f(Wy ) and &= f{ W75 are not satisfactory. The
correlation coefficients for them are, respectively, 0.683 and 0.754.

A direct comparison of the values W%, and W leads to a very satisfactory linear rela-
tionship with high correlation coefficient

W, =1.13- W, +0.09 (R* = 0.963), 1)

The resulting correlation means that the porous structure of active carbons, formed in
the processes of carbonization and activation, has its own laws of its transformation. In this
case, the relation between Wy and W5 is small changed in the course of an activation process.
Quantities and values of W} and W5 are determined by two factors. The first of these depends
on the availability ultramikropor, adsorption of which is unavailable to larger molecules of
benzene. If we take into account this factor, then, on the basis of equation (1), we can assume
that W5 = 0, part of the pores will be available for smaller molecules of nitrogen and ¥y =
0.09 cm®/ g.

In addition, the magnitudes of W and W at high vapor pressures may depend on the
magnitude of adsorption in the mesopores, which occurs on the mechanism of capillary con-
densation. The surface tension of benzene exceeds the surface tension of nitrogen. In this case,
it is expected that W5 will be exceeded the value of W . It seems urgent to further study the
adsorption of nitrogen and benzene adsorption as the basis of their own in the micropores and
mesopores in the mechanism of capillary condensation.

1. M.M. Dubinin. Porous structure and adsorption properties of active carbons. // In:

Chemistry and physics of carbon: A series of advances/Ed. L. Walker. New York: Marcel
Deccer, Inc. 1966. V. 2. PP. 51-120.
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BJIMAHHUE YJEJBbHOI'O OFBbEMA MUKPOIIOP YIJIEPOAHOI'O
AJICOPBEHTA HA ®EHOJIBHOE YU CJIO

A.O. llleBuenko, A.A. DoMKUH
Hucmumym dusuuecrout xumuu u snekmpoxumuu um. A.H. @pymxurna PAH,
Jlenunckuii npocnexm , 31, cmpoenue 4, Mocksa, 119071, Poccus,
fomkinaa@mail.ru

ITpo6aema MoNHOM OUMCTKH NPOU3BOJICTBEHHBIX CTOKOB OT PACTBOPEHHBIX B BOZIE Opra-
HUYECKUX BEIUIECTB, B YaCTHOCTU ()EHOINIOB, ABIAETCS ONHOH M3 Hambolee BAKHBIX H OFHO-
BPEMEHHO TPY/HO peliaeMbiX. HecMOTpst Ha OrpOMHOE YHCIIO OTEUECTBEHHBIX U 3apyOe:KHBIX
pa3paboToK, NaHHYIO HpPOOIeMy HEllb3sl CUMTAaTh PELIEHHOH. ACopOLMs SBISETCS YHUBEp-
CaJIbHBIM METOJOM, MO3BOJLIONIMM IPAKTHYECKH OTHOCTIO H3BIICKATh IPUMECH U3 XKUIKOH
(a3bl. AncopOunoHHas ourcTka 3G (eKTUBHA BO BCEM JMana3oHe KOHIEHTPALUi pacTBOPEH-
HOM IpHMecH, OJHAKO e IMPEUMYIIECTBA MPOSBIAIOTC HaOoIee MOJNHO, IO CPAaBHEHHIO C
IPYTHMH METOAAMH OYUCTKH, IPY HU3KUX KOHIEHTPALMAX 3arpssHeHuid. IIpunnumsl mon6o-
pa aKTUBUPOBAHHBIX Yried s aJCcOpPOLMOHHOM OUUCTKH O CHX 1Op He BbIpaboTaHbl. Cun-
TaeTcs, YTO I yNalXCHUS U3 CTOYHOH BOJABI HH3KOMOJICKYIIIPHBIX BEIICCTB, AKTUBHPOBAH-
HBIC YIJIM JIOJDKHBI 00J1aJaTh Pa3BUTON MUKPOIIOPUCTON CTPYKTYPOH.

B pabore ncciaenoBaHo BIMSHHUE CTENICHU Pa3BUTUS 00bEMa MUKPOIIOP B IIPOLECCE MPO-
IPECCUBHOM Mapora3oBoi aKTUBALMU JpeBecHOro aktuBHoro yris (BAY) nHa amcopOumon-
HYIO CIIOCOOHOCTS 110 MOITIOIIEHHIO (peHoNa, pacCTBOPEHHOro B Bozie. IlokasaTenem, XapakTe-
PH3YIOLINM aKTHBHBIHA yroiib, ObLIO BEIOpaHO (PeHOIBHOE YHMCIIO. DTO MOKa3aTellb COOTBETCT-
ByeT YHCIly MIJUIUTPAMMOB aKTHBHOTO IIOPOIIKOOOPA3HOTO YT, TpeOyeMOro s CHIKEHUS
KoHUeHTpanuu ¢enona B 1 i1 Boasl ¢ 0.1 no 0.01 mr. AncopOuroHHOE paBHOBECHE BOJAHOTO
pacTBopa (heHoIa ¢ afCOPOEHTOM CO3/1aBajIM MyTeM IE€peMEIIMBaHUK PacTBOpa B TeueHue 1
4. YCTaHOBJICHO, YTO BENUYMHA (hEHOIBHOIO YUCIA IPOXOJUT Yepe3 MUHUMYM IIPU CPaBHU-
TEJILHO HEOOJBIION BeIMunHe 001ero o0beMa MUKPOIIOp aicopOeHTa, cocTasistoriero W, =
0.14 cM’/r. Takoe MOBEEHHE MOXKET OGBSICHATHCS YBETHUCHHEM CPEIHEr0 Paguyca MHKDO-
HOp 110 Mepe YBEJIMYEHHUs CTETIeHH o0rapa IIpH IIapora3oBOil aKTHBALUK H, COOTBETCTBEHHO,
CHIDKCHHEM aJICOPOIIMOHHOM CIIOCOOHOCTU aKTUBHOTO yris. IlodydeHHble pe3yabTaThl mpes-
CTaBJICHBI B TAOJIHLIE.

Ne | Crenenb obrapa, VY nenbHblit 00beM MUKpoOnop, | DeHonbHOE YuCIIo,
% W, oM’/r MI

1 6 0.08 92

2 14 0.14 13

3 32 0.23 26

4 48 0.31 62

U3 Tabiuis! ceayer, 94To Ipu BEIOOpE afcOpOCHTOB ISt TITyOOKON OYHUCTKH BOJIBI OT (heHOIa
1eJIeCO00pa3HO UCIOJIb30BaTh aKTHBUPOBAHHBIE YIJIK C OTHOCHTEIBHO MAJBIMH OOrapam,
cocTaBJIsIOIMM 0K0j10 10-15%.
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INFLUENCE OF SPECIFIC VOLUME OF MICROPOROUS CARBON
ADSORBENT ON PHENOLIC NUMBER

A.O. Shevchenko, A.A. Fomkin
A.N. Frumkin Institute of physical chemistry and electrochemistry RAS, Leninsky prospect,
31/4, Moscow, 119071, Russia
fomkinaa@mail.ru

The problem of full clearing of industrial wastes from the organic substances dissolved
in water, in particular phenols, is one of the most important and simultaneously difficultly for
solving. Despite of huge number of the domestic and foreign developments, this problem
can’t be considered as being solved. Adsorption is the universal method allowing completely
removing an impurity from a liquid phase. Adsorption clearing is effective in all range of
concentration of the dissolved impurity; however, its advantages are obvious most full, in
comparison with other methods of clearing, at low concentration of pollution. Principles of
selection of the activated coals for adsorption clearing till now are not developed. It is consi-
dered, that for removal from sewage of the low-molecular substances, the activated coals
should possess the developed microporous structure.

In the work the influence of a degree of development of micropores volume during the
progressive vapor-gas activation of wood active coal on adsorption ability of the phenol dis-
solved in water is investigated. Phenolic number had been chosen as a parameter describing
active coal. This parameter corresponds to a number of milligrams of active powdered coal
demanded for decrease of phenol concentration in 11 of water from 0.1 up to 0.01 mg. Ad-
sorption balance of a water solution of phenol with the adsorbent was created by hashing of a
solution during 1 hour. It was established that the size of phenolic number passes through a
minimum at rather small size of total amount of micropores adsorbent, making Wo = 0.14
cm3/g. Likely such behavior can be explained by an increase of the average radius of micro-
pores in the process of increasing the burn-of degree at vapor-gas activation and, accordingly,
the decrease adsorption abilities of active coal. The received results are presented in the table.

Ne | Degree of burn-of , | Specific volume of micro- Phenolic number,
% pores, Wo,cm’/g mg

1 6 0.08 92

2 14 0.14 13

3 32 0.23 26

4 48 0.31 62

It follows from the table, that when choosing the adsorbents for deep water treating
from phenol it is necessary to use the activated coals with rather small burn-of degrees of
about 10-15 %.
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AJICOPBIIUA ®EHOJIA HA AKTUBUPOBAHHBIX ITIOJIMMEPHBIX YI'JIAX

A.l'. Imutpuenkosa, A.B. Jlapun
Yupeocoenue Poccuiickoii akademuu nayk Uncmumym @usuyeckou xumuu u 21eKmpoxumuu
um.A.H. @pymruna, 119071, Mocksa, Jlenunckuii npocnexm, 31, E-mail: larin@phyche.ac.ru.

CozaepxaHue B BOJE OPraHMYECKHX BELIECTB, B TOM 4YHCIE, (DEHOJOB IOCTOSHHO
Bo3pactaer. CryCK B BOJOEMBI U BOJOTOKH (PEHONBHBIX BOJ PE3KO YXYALIaeT MX oOliee
CaHUTapHOE COCTOSIHHE, OKa3blBas BJIMSHUE HA JKUBbIE OpPraHU3Mbl HE TOJIBKO CBOCH
TOKCHYHOCTBIO, HO U 3HAYUTCIBHBIM H3MCHEHHEM pPEXHMa OHOT€HHBIX 3JIEMEHTOB U
PacTBOPEHHBIX Ta30B (KHCIOpPOJa, YIIEKUCIOro ra3a). B pesymprare XJIOpHpOBAaHHUS BOJHI,
conepkaileil (eHosbl, 00pa3ylTCs YCTONUYMBBIE COCAMHEHHUS XJIOP(PEHOJOB, Maneiine
ciempr koTopsix (0,1 MKI/IM’) TpHIAOT BOJE XapakTEpHBIA NMPHUBKYC. AKTHBHBIC yIJIH
SIBJIIOTCS  IIMPOKO H3BECTHBIMH M BBICOKOI((EKTUBHBIMH aJCOPOCHTAMH JUISl PEIICHUS
9KOJIOrMYECKHUX Mpo0seM BOAHOro OacceiiHa.

B paboTe OSKCIEpHMEHTANPHO HCCIENOBaHA afgcopOmus (eHoda Ha  Tpex
MHKPOIIOPUCTBIX ~ aKTUBMPOBAHHBIX  IOJMMEPHBIX  YIVIEH, IOJYYEHHBIX ITHPOJIH30M
MOJIMMEPHOr0 TpeKypcopa. AKTHBHbIE YIJM Ha IIOJMMEPHOH OCHOBE IIPELOCTABIICHBI
bmoxep GmbH (Opxpar, ['epmanus). CTpyKTypHEIE IIapaMeTphl AaKTHBHBIX YTICH,
paccuuTaHHBIE M3 M30TEPM CTaHmapTHOro mapa Oenszona npu 293 K (o6bem mukpornop Wy,
XapakTepucTHueckas sHeprus aacopoumu Eg n s¢dexkTHBHAS MOMyMIMpPHHA MHKPOIOP Xo)
npexacrasnensl Hwke: G-W (0,51 em’/r, 19,3 kJlx/Moub, 0,52 mMm); G-C (0,53 eM/r, 19,8
k/Ix/mons, 0,52 um); E-F (0,49 CM3/1“, 17,7 xIx/moib, 0,56 HM).

Ancopbuus (eHona u3yyanach B CTATHYECKHUX YCIIOBUSX, B IUPOKOH 001aCTH U3MEHE-
HHS KOHLEHTpPALUUH MCXOJHOrO BemiecTBa B Boze: 10 - 250 MMOB/JI IPU TpeX pasiIHIHBIX
temnepatypax: 275, 298, 313 K. IIpu ananusze sKCriepUMEHTAIbHBIX JaHHBIX MPOBEACHBI all-
MPOKCHMALUK MOJTYyYEHHBIX U30TE€PM C UCIOJIB30BAHUEM PA3JIMYHBIX aJCOPOLHOHHBIX MOJie-
neit. s uccneayeMbiXx MOJEIbHBIX CUCTEM PAaCCMOTPEHBI YCIIOBHS COOIOICHUS TEOPHH 00b-
€MHOTO0 3aII0JIHEHUS] MUKPOIIOP C PA3TMYHBIMH IOKA3aTeNSIMU CTEHIEHH 1.

KoaduumeHTsl Koppensuuy Uit U30TepM B kKoopauHaTtax [lyOmHnHa-PamymikeBnua
um3mensitotes oT 0,995 mo 0,998, 4ro roBOpHUT O XOpOIEH JTHHEHHOCTH M30TEPM B 00IaCTH
uccaenyemMbix KoHueHtpaiuid. s @pelinmainxa kodpQUIMeHT KOPPEIsSIMUd N3MEHSIOTCS
ot 0,977 no 0,984. Ilo ypaBHenuro JlyOmHnHa—AcTtaxoBa—CTEeKIM C MOKa3aTeJIEM CTEICHH
n=4 MoyTy4YeHbI Npe/e/IbHbIC BEJINYHHBI aICOPOIMH, a TAK)KE CTEIICHH 3alO0JHEHHs aIcOPOIIH-
OHHOr'O MPOCTpaHCTBA B mporeHTax. HanOonbiueid ancopOLMOHHONW €MKOCThIO MO (eHoIry
obnagaer yroiab G-C, azcopOiys Ha KOTOPOM paBHA 5,55 MMOJIB/T, IPU  CTENEHHU 3aOIHEHHS
€ro azcopOLMOHHOTO MPOCTPAHCTBA, paBHOTO 95,7%. lns obpasua G-W axcopbuus denona
paBHa 4,62 MMouts/T ripu 79,6% 3amnonHeHus 00beMa MUKPOIIOP.

Ilpu obmieM HECOOMIONCHHH TEMIEPaTypHOH HMHBAPUAHTHOCTH XapaKTEPUCTHUCCKHX
KPMBBIX, KOTOPbIE MMEJH JIMHEHHBIH XapakTep, MOJyuYeHHbIe H30TEePMbI aICOPOLIMU XOPOIIO
annpoKCUMUPYIOTCs ypaBHeHHeM JlyOununa-PanymkeBuya npu ajgcopOiuu (eHona u3 Boj-
HBIX PacTBOPOB. M3oTepMbl ancopOuun (eHona U3 BOIHBIX PAaCTBOPOB Ha aKTHBHBIX YIJIAX
OTJIMYAIOTCS OT aACOPOLMH APYrHX aJcOpOTHBOB, HApUMeEp, HUTPO(PEHOA, U MO3BOJSIOT
PEKOMEHI0BaTh (JEHOJI KaK TECTOBbIH aIcOPOTUB A1 CUCTEMAaTU3ALMU HKCIICPUMEHTAIbHbIX
JIAHHBIX TPU BHIOOPE aKTUBUPOBAHHBIX YIJICH JUIS TIOTJIOMICHUS 9KOTOKCUKAHTOB M3 CTOYHBIX
BO/I.

Paboma svinonnena npu ¢unarncosoil noooepacxke PODU (epanm 11-08-01083a).
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The content of water-soluble organic substances, including phenols is constantly in-
creasing. Descent in ponds and watercourses of phenolic water sharply worsens their overall
health condition, affecting living organisms not only for its toxicity, but also a significant
change in the regime of nutrients and dissolved gases (oxygen, carbon dioxide). As a result of
chlorination of water containing phenols, chlorophenols form stable compounds, the slightest
traces of which (0,1 mkg/dm®) give the water a characteristic flavor. Activated carbons are
widely known and highly effective adsorbents for solving environmental problems in the wa-
ter pool.

We experimentally studied the adsorption of phenol on the three polymeric microporous
activated carbons obtained by pyrolysis of a polymeric precursor. Polymer-based activated
carbons were provided by Blucher GmbH (Erkrath, Germany). The structural parameters of
activated carbons, calculated from the standard isotherms of benzene vapor at 293 K (the vo-
lume of micropores Wy, the characteristic adsorption energy E,, and the effective width of the
micropores xo) are as follows: G-W (0.51 cm® / g, 19.3 kJ / mol, 0.52 nm); G-C (0.53 cm® / g,
19.8 kJ / mol, 0.52 nm); E-F (0.49 cm®/ g, 17.7 kJ / mol, 0.56 nm).  Adsorption of phenol
was studied by batch method in a wide range of concentrations of phenol in water: 10 - 250
mmol / 1 at three different temperatures: 275, 298, and 313 K. Experimental data have been
analyzed by the approximation of isotherms using different adsorption models. Investigated
model systems are considered as a subject to the theory of volume filling  of  micropores
with different exponent n.

The correlation coefficients for the isotherms in the coordinates of Dubinin-
Radushkevich equation vary from 0.995 to 0.998, indicating good linearity of the isotherms in
the studied concentration range. For Freundlich correlation coefficients vary from 0.977 to
0.984. By equation of Dubinin-Astakhov with an exponent n = 4 we obtain the limit value of
adsorption, as well as filling the adsorption space in percentages. Highest adsorption capacity
for phenol has a carbon G-C, the adsorption of which is equal to 5.55 mmol / g, the filling of
its adsorption space, equal to 95.7%. For sample G-W adsorption of phenol is equal to 4.62
mmol / g at 79.6% volume filling of micropores.

For a general failure to comply with the temperature invariance of characteristic curves
that were linear in nature, obtained adsorption isotherms are well approximated by the equa-
tion of Dubinin-Radushkevich adsorption of phenol from aqueous solutions. Adsorption iso-
therms of phenol from aqueous solutions on active carbons are different from the adsorption
of other adsorptives, such as nitrophenol, and phenol can be recommended as a test adsorbate
to systematize the experimental data when selecting the activated carbon to absorb toxicants
from wastewater.

This work is supported by RFBR (Grantl1-08-01083a).
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CPABHEHHUE DKCIEPUMEHTAJIBHON U TEOPETUYECKOM BBIXOTHBIX
KPUBbLIX AJICOPBIIMU ®EHOJIA U3 BOAHOI'O PACTBOPA
HA AKTUBHOM YTJIE

T.A. KynekoBa, A.B. Jlapun
VYupeowcoenue Poccuiickoii akademuu Hayk
Huemumym gpusuuecrou xumuu u snexkmpoxumuu um. A.H. @pymxuna PAH
119991, Mocksa, Jlenunckuii npocnexkm, 31, kopn. 4. E-mail: larin@phyche.ac.ru

[Nornomenue 1 ynajaeHue U3 CTOYHBIX BOJ (PEHOIBHBIX COSMHEHHUHN SBISETCS aKTyallb-
HO# 3amaueil. Llenp paboThl — MCClieIOBaHHE CTAaTHKU M JUHAMHMKH ajcopOuuu ¢eHona u3
BOJIHBIX PAaCTBOPOB Ha aKTUBHOM YTJIC.

OOBEKTOM HCCIICIOBaHHS BBIOpaHA MOJENbHAsS CUCTeMa (PPOHTATBHON JHMHAMUKU ajl-
copOuuy (eHona U3 BOAHOTO pacTBOpa HAa aKTHBHPOBAHHOM YIJIE CEPHHCTO-KAIHEBOW aKTH-
Baumu CKT-6A. BeixonHble KpUBbIE H3MEPEHBI TSl (PpaKIUK aKTHBUPOBAHHOTO YTIIsl 3epHE-
uwueM 1,0-1,25 mm. OTaensHO u3MepeHbl H30TepMbl (heHona Ha aktuBupoBaHHOM yriae CKT —
6A, KOTOpBIE OTBEYAIOT ypPaBHEHHMIO H30TEpMBI aacopbuum [lyOuHuHa-PanymkeBnya u
ypaBHenuo @peitHainxa. B npoBeaeHHBIX paHee UCCIIENOBAHUIX ObLUIO MMOKA3aHO, YTO MPH
ajicopOLuu n-HUTPOo(eHoNa U3 BOAHBIX PACTBOPOB HA AKTHMBHUPOBAHHBIX YIJIAX U30TEPMBI aJl-
copOIMY HEe COOTBETCTBYIOT ypaBHeHHUIO JlyOnHIHA-PaxynikeBuya.

CTpyKTypHBIC TapaMeTpbl aKTHBHOTO YIJIS, PACCYNTAHHBIC M3 W30TEPM CTaHAAPTHOIO
napa a3zota mpu 77 K, cocraBnstor: 00beM mukpornop Wo = 0,68 oMo, XapaKTepuCTHYeCKast
sHeprust axcopbumu Ey = 19,8 x/[x/Moib, 3¢ dexTrBHas nonymmpuHa MUKporop Xo = 0,65
HM U IJIOIIAAb IIOBEPXHOCTH, paccuntanHas o BOT, Sgpr = 2070 M2IT.

[IpoBeneHo mMoaenupoBaHUe AUHAMUKH aJCOPOLMH B IMPOKOM HHTEPBAIe NU3MEHEHMS
BBIXOZHBIX KOHIIGHTpaUil Ha IpuMepe aacopOiuy (eHola U3 BOAHBIX paCTBOPOB HA MUKPO-
MOPUCTOM YTJIepoJHOM ajncopOeHTe. [loka3zaHo, YTO BBIXOIHbBIE KPHBBIC, ONPEACISIONINE Xa-
pakTep HapacTaHHsi KOHLEHTPALMU PacTBOPOB acOPOMPYEMbIX BELIECTB 3a CIIOEM aJICOPOeH-
Ta BO BPEMEHH, UMEIOT N3BECTHYIO CUTManAalbHyI0 (popMy, a B 00J1aCTH MajbIX KOHLICHTpPa-
i 00HapyKEHO YKCIIOHEHIMAbHOE HAapaCTaHWe KOHIIEHTPAIMH a/ICOPOTHBA OT BPEMEHH.

B obnactu Manbix KOHIEHTpauui, rae C/C, U3SMEHSAIOTCS OT 10 o 10"2, BIIEPBBIE JUISI

JMHAMHUKH aJICOPOLMU M3 PACTBOPOB OOHAPYXKEHO HKCHOHEHLHUATbHOE HApacTaHHEe KOHLEH-
Tpamuu azcopOupyeMoro BemecTBa oT BpeMeHU. OOHapyKEeHHOEe CBOHCTBO BBIXOTHON KpH-
BOH TMHAMUKH aJICOPOLIUM U3 PACTBOPOB II03BOJIAET ONpPEAENATh BpeMs BBIXOJa MajbIX KOH-
LEHTpalUil afcopOUpyeMOro BEIIeCTBA ITyTeM 3KCTPANOJISLMH 3KCHOHEHLUAIbHOH 4YacTH
BBIXO/IHOW KPUBOU.

OKCHepUMEHTaIbHOE HCClIeI0BaHNE JUHAMUYECKOrO IIporiecca aJcopOLMH I0Ka3aio,
YTO BPEMs BBIX0Ja KOHIIEHTPALMH OPraHMYECKOrO BEIIECTBA 3aBUCUT OT pa3Mepa YacTHIL aK-
THBUPOBAHHOTO YIJLL; A (paKkiUy ¢ MEHBIIUMH pa3MepaMu IpaHyl BeIWYHHA AUHAMHYE-
CKOHM eMKOCTH yBeJIM4uBaeTcsi. PacCuuTaHHBIE 110 BBIXOJHBIM KPUBBIM JAUHAMUKH aaCOPOLUU
BEJINYMHBI CTATUYECKOH EMKOCTH YJOBIETBOPUTENILHO COBNAJAIOT C BEIMYMHOI ancopOiuu,
PAcCUUTAHHOU IO M30TepMaM aacopouuu (eHola ¢ UCIOIb30BAaHHEM KOHCTAHT ypaBHEHUH
Jyoununa-Panymkesuda u dpeinymxa.

AHanu3  SKCIIEPHUMEHTANBHBIX  JaHHBIX  II0Ka3all BO3MOXHOCTb  IIPUMEHEHHMS
npeJularaeéMoil MOZIEIbHOM CHCTEMBI JJIsl TPAKTHYECKUX PACcUYETOB 110 ONPE/IENIEHNI0 BPEMEHH
MOSIBJICHUS. KOHLEHTPALMM 3a CJIOEM aJcopOeHTa B IIMPOKOM HWHTEpBale H3MEHEHUs
KOHLICHTPALIH.
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COMPARISING EXPERIMENTAL AND THEORETICAL OUTPUT CURVES OF
ADSORPTION OF PHENOL FROM AQUEOUS SOLUTION
ON ACTIVATED CARBON

T.A. Kulkova, A.V. Larin
Institution of Russian Academy of Sciences
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry RAS
31 Leninsky prospect, Moscow, 119991.
E-mail: larin@phyche.ac.ru

Adsorption and removal of phenolic compounds from wastewater is an urgent task. A
purpose of the work was to study the static and dynamics of adsorption of phenol from
aqueous solutions on active carbon.

The object of study was a model system of the frontal dynamics of adsorption of phenol
from aqueous solution on activated carbon SKT-6A. A breakthrough curves were measured
for the fraction of activated charcoal grained 1.0-1.25 mm. Separately were measured the iso-
therms of phenol on activated carbon SKT - 6A, which are the same for all fractions of the
adsorbent. The experimental adsorption isotherms correspond to Dubinin-Radushkevich’s eq-
uation and to Freundlich’s equation. Early it was defined that adsorption of p-nitrophenol
from aqueous solutions are not corresponded to Dubinin-Radushkevich’s equation.

The structural parameters of activated carbon, calculated from the standard isotherms of
nitrogen vapor at 77 K are the next: the volume of micropores Wo = 0.68 c¢m’/ g, the charac-
teristic adsorption energy Eo= 19.8 kJ / mol, the effective width of the micropores xo = 0.65
nm, and BET surface area Sggr = 2070 m?/ g.

A breakthrough curve defines the character of increasing the solution concentration of
adsorbed substance in the adsorbent bed in time. It was performed a simulation of the dynam-
ics of adsorption in a wide range of concentrations. Theoretical breakthrough curves were
compared with experimental breakthrough curves of phenol adsorption from aqueous solu-
tions on microporous carbon adsorbent.

It is shown that the breakthrough curves have a known sigmoid form. At low concentra-
tions, which vary from 10 to 10 for the first time for the dynamics of adsorption from solu-
tions it have been found exponential increasing the concentration of the adsorbed matter in
time. This property of the breakthrough curve of the dynamics of adsorption from solutions
allows us to determine the time of output of small concentrations of adsorbed substances by
extrapolating the exponential part of the breakthrough curve.

Experimental study of the dynamic process of adsorption is showed that the time of
output of concentration of solute depends on the particle size of activated carbon. It was re-
vealed that for a fraction of smaller grain the dynamic capacity increases. It was calculated
from breakthrough curves the values of static adsorption phenol on sorbents. The values ob-
tained are in a good accordance with the magnitude of adsorption, calculated from adsorption
isotherms of phenol using the constants of the Dubinin-Radushkevich’s equation and to
Freundlich’s equation. The calculated and experimental data are coincided each with other.

Analysis of results obtained data shows the possibility of applying the proposed model
system for practical calculations and determining the time of appearance of the concentration
on the adsorbent bed in a wide range of concentrations.
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HMCCJIEMOBAHUE CBOMCTB YIJIEMAHEPAJBHBIX
AJICOPBEHTOB B ITPOLIECCAX INOATOTOBKHU IUTHEBBIX BO/I

W.B. I'nazynoBa*, M.B. Beperuna*, 10.51. ®unonenko*,
I''A. ITeryxoBa**, B.}O. ®unonenko***
*Jluneykuii 20cy0apcmeeHHblil MeXHUYeCKUull YHusepcumem
398600, e. Jluneyx, ya. Mockosckas, 30, E-mail: glazunova-iv@yandex.ru
** Uuemumym Qusuyeckou xumuu u anekmpoxumuu um. A.H. @pymxuna PAH
119991, 2. Mocksa, Jlenunckuii npocnexkm, 31
*EXuneykuil K01020-2YMAHUMAPHBIL UHCIUMYN,
398002, 2. Jluneyx, yn. Huocnss Jlocosas, 2

VYenenHoe pemieHue NMPakTUYECKUX 3ajad ONpeselsieTcs MmoadopoM aicopOeHTOB ¢
HauboJiee ONTUMAILHBIMU ISl KOHKPETHOW 33a71a4M MOPHUCTOI CTPYKTYpOH U aICOpPOLIMOHHbI-
MH cBoiicTBaMH. Llenbio TaHHO# paboThI ABISIIOCH UCCiIeoBaHne d(PPEKTUBHOCTH MPUMEHE-
HUS yIIIEMHHEPaJIbHBIX aJICOPOSHTOB B IIPOLECCaX OYUCTKH MUTHEBOM BOABI. YTJIEMHHEPalb-
HbIE a/ICOPOEHTHI IOJyYalll COBMECTHOH kapOoHu3anueit Topda U aloMOCHIMKATa CO CBS-
3yrormpm Tipu 700 °C 1 akTHBHPOBAHHEIE TAPAMIT BOBI U THOKCHIOM yriepoxa. [lomydennsre
a7IcopOeHThI 00J1aJat0T Pa3BUTON MOPUCTOM CTPYKTYpPOM, BHICOKOW yIENbHOI MOBEPXHOCTHIO
U KaTHOHOOOMEHHBIMH CBOMCTBaMH, HE YCTYMAIOT IPOMBIIIICHHBIM aKTHBHBIM YIJISIM IO Be-
JMYHHE aCOPOLMOHHOIN aKTUBHOCTU MO MOJEIBHBIM a/icopOaTam (KpacHTeIb METUIICHOBBII
rosy0oi M #0J), paccMaTpUBaeMbIM KaK «MOJIEKYJISIPHBIE IIIYIIbI».

B kxauecTBe 00BEKTOB MCCIEIOBAHUS MCIIOIB30BAINCH ITUTHEBBIE BOJBI U3 CKBAXUH U
BOJIOTIPOBOIHBIX KPAHOB, MOCTYIAIOIMX HaceneHuto Jlunenkoit obnactu. KauectBo muThbe-
BBIX BOJI OLIGHMBAJIH TI0 CJIETYIOIIMM IOKa3aTelsiM: BOJOPOIHBIH MOKa3aTenb, aMMHAaK, HHUT-
PHTBI, HUTPATBI, )KECTKOCTb, XJIOPHUJIBI, CYIb(ATHI, XKele30, GTOPHUIBL, IETOYHOCTh, MapraHell,
0op, mepMaHraHaTHasi OKUCIsIeMOCTh. Kak IMOKa3anu pe3ysbTaThl MCCIIEA0BAaHUIl, NPHUMeEHe-
HHUC aﬂCOp6eHTOB B Iporeccax noaAroToOBKHU MMUTHEBOM BOJBI O3BOJISICT YJIYULINTh Ka4€CTBO
BOJIBI 110 TAaKUM ITOKA3aTeNsIM KakK OOIIas KECTKOCTh, HIEIOYHOCTh, HUTPATHI, JKele30, Iep-
MaHTaHATHAs! OKHUCIIAEMOCTh. JKeCTKOCTh MUTHEBBIX BOJ CHIKaeTca Ha 6-10 %, menodHocTs
— Ha 10-30 %. Conepkanue xene3a B npobax Bojsl, npesbimaromux [1JIK (0,3 mr/n) B 4-6
pa3, camkaercs Ha 100 %. YcTaHOBIEHO CHIDKeHHE HUTpAToB B cpenHeM Ha 20 %. Ilepman-
raHaTHasi OKHCISIEMOCTb, XapaKTepu3ylolas oOlee 3arps3HeHHe BOJIbI OPraHMYECKMMH Be-
IIECTBaMH, IOCJIe INPUMEHEHUs aICOPOEHTOB CHUXKAaeTCsl B 2-7 pa3 B 3aBUCHMOCTH OT BHJa
ancopOenra. B orHomeHnnn 6opa HabmogaeTcs TEHICHIMS CHIDKEHHS €r0 COAEPKaHUS B BO-
nie B cpenHeM Ha 27 %.

VYcraHoBiIeHa KOppessiius MexXIy 3PQEeKTUBHOCTHIO aJCOPOLMOHHON OYHUCTKH MHUThE-
BBIX BOJI U CBOMCTBaMH YIJIEMHHEPAIBHBIX a1cOPOCHTOB. D(P(PEKTUBHOCTH OUUCTKH HAXOIHT-
csi B INPAMOJIMHEHHOH (YHKIMOHANBHOH 3aBHCUMOCTH OT aACOpPOLMOHHO—CTPYKTYPHBIX
cBoiictB azncopOentoB. Ilpu 3ToM B Goublieit creneHu d(pPEeKTUBHOCTh OYUCTKU MO OpraHu-
YECKHM BEIIECTBAM CBs3aHa C 00bEMOM MUKPOIIOpP aJCOPOEHTOB (KOIDPUIMEHT KOPpPEISIIUU
0,995). CHmxeHre HUTPATOB B BOJE 0OpPaTHOMPOIOPIHMOHAIBHO KATHOHOOOMEHHON EMKOCTH
o6pasnoB (koadduiuent koppersuun - 0,991). OnpeneneHs! TepMOANHAMUYECKHAE M KHHE-
THYECKHE 3aKOHOMEPHOCTH TIPOIIecca OYUCTKH MUTHEBOH BOJbI. BBIOpaHbI ONTHMANBHEIE yC-
JIOBHS NIPOBEACHUS aICOPOLMH, TTO3BOJISIOLINE KOMIIEKCHO CHUXKATh CO/ICP)KAaHUE BELIECTB,
npesbimatonux 1o I[JIK nokasarensm.

Takum 00pa3oM, HOIYUYEHHBIE PE3yJbTaThl CBUACTEIBCTBYIOT O MEPCIEKTUBHOCTH HC-
MOJIB30BaHUSL COPOEHTOB B IPOLIECCaX BOJOMOJATOTOBKH, NPU PACIIMPEHUH MCCIIEA0BaHMIA,
KaK 110 AMAIa30Hy W3BJIEKAEMbIX BEIECTB, TAaK M IPHU YBEINYEHHH KOHIEHTPALMH 3arps3HU-
TeJeH MUTHEBBIX BOI.
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RESEARCH OF PROPERTIES COALMINERAL
ADSORBENTS IN PROCESSES OF PREPARATION OF DRINKING WATER
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The successful decision of practical problems is defined by selection of adsorbents with
the optimal for a specific target porous structure and adsorptions properties. The purpose of
the given work was research of efficiency of application coalminerals adsorbents in processes
of clearing of potable water. Uglemineralnye adsorbents received joint by carbonization of
peat and aluminosilicate with binding at 700 °C and the waters activated in steams and a car-
bon dioxide. The received adsorbents possess the developed porous structure, a high specific
surface and cationexchange properties, don't concede to industrial active coals on size adsorp-
tions activity on modeling adsorbates (dye methylene blue and iodine), considered as «mole-
cular testersy.

As objects of research potable water from chinks and the water cranes, arriving to the
population of the Lipetsk region was used. Quality drinkvyh of waters estimated on following
indicators: a hydrogen indicator, ammonia, nitrity, nitrates, rigidity, chlorides, sulfates, iron,
fluorides, alkalinity, marganets, a pine forest, permanganate oxidability. As have shown re-
sults of researches, application of adsorbents in processes of preparation of potable water al-
lows to improve quality of water on such indicators as the general rigidity, alkalinity, nitrates,
iron, permanganate oxidability. Rigidity of potable water decreases on 6-10 %, alkalinity — on
10-30 %. The iron maintenance in the tests of water exceeding maximum concentration limits
(0,3 mg/l) in 4-6 times, decreases on 100 %. Decrease in nitrates on the average on 20 % is
established. The permanganatnaja oxidability characterizing the general pollution of water by
organic substances, after application of adsorbents decreases in 2-7 times depending on an
adsorbent kind. Concerning a pine forest the tendency of decrease in its maintenance in water
on the average on 27 % is observed.

Correlation between efficiency adsorptions clearings drinkvyh of waters and properties
coalminerals adsorbents is established. Efficiency of clearing is in rectilinear functional de-
pendence on adsorbtsionno-structural properties of adsorbents. Thus in a greater degree effi-
ciency of clearing on organic substances is connected with volume of micropores of adsor-
bents (factor of correlation 0,995). Decrease in nitrates in water backproportional by catio-
nexchange capacities of samples (correlation factor - 0,991). Thermodynamic and kinetic laws
of process of clearing of potable water are defined. Optimum conditions of carrying out the
adsorptions allowing in a complex to reduce the maintenance of substances, exceeding on
maximum concentration limit to indicators are chosen.

Thus, the received results testify to perspectivity of is-using of adsorbents in water prep-
aration processes, at expansion of researches, both on a range of taken substances, and at con-
centration increase pollute-telej potable water.
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NPUMEHEHME YPABHEHU JIP U /IC K U3OTEPMAM AJICOPBIIAN
TOJYOJA AKTUBHBIMHU YTI'JIAMUA

H.A. Dasrexona, FO.A. DapTekoB
Vupeowcoenue Poccutickoti Axademuu Hayx Huemumym usuueckoil Xumuu u 21eKmpoxumuu
um. A.H. @pymxuna, 119991 Mockea, Jlenunckuii npocnekm 31, Poccus
E-mail: ninel-elt@yandex.ru

H3ydenue nporecca MOrOMEHHUs YIIEBOAOPOLOB M HX IPOM3BOJIHBIX U3 BOJHOM Ccpe-
JIbl TIPENICTABISIET HE TOJBKO TEOPETHYECKMH MHTEpPeC, HO UMEET W BaKHOE HPAKTHYECKOe
3HAUYCHUE [UIs1 PCUICHUSA 3aJadyd BOJAONOATOTOBKH, B YaCTHOCTH, HJIA pa3pa60TK1/1
COPOLIMOHHOI TEXHOIOIMU OYUCTKU NIPOMBIIUIEHHBIX CTOKOB U MOJTYYE€HHs YUCTOH BOABL.

AKTHBHPOBAHHBIE YIJIU IIUPOKO MCHOJIB3YIOTCS ISl MTOTJIOIIEHHS TAaPOB OPTaHUYECKUX
BEILECTB M3 BO3JyXa M U3 BOAHBIX cpe. Ilepbie mybmukauun M.M.lyOuHuHa ObUIH TTOCBS-
IIEHBI Pe3yJIbTaTaM 3KCIEPUMEHTAIBHOTO N3yYEeHNUs aAcOopOIMN pacTBOPEHHBIX BEIIECTB aK-
TUBUPOBAHHBIMH yIiIsiMH [ 1, 2]. B aTx paboTtax moguepkHyTO OCHOBHOE OTIHYHE aCOPOLIUI
U3 PaCTBOPOB, 3aKIIOYAIONIEECs B KOHKYPEHIMH MEXKIy MOJEKyJIaMH aJcopOTUBa U pacTBO-
putens 3a obnasaHue aJCcoOpOIMOHHBIME LIEHTPaMH aJICOPOSHTA, YTO YCIOXKHSET IPOIecC U
3ameassiet quddysuro Monekya 3 00beMHON (a3bl B aICOPOILIMOHHYIO.

B Hacroseit pabote nposesieHa MaTeMaTH4YecKkas 00paboTKa B paMKax TEOPHU 00BbEM-
Horo 3amoiHeHHs Mukpornop (TO3M) pe3ynpTaToB 3KCHEPHUMEHTAIBHOTO HCCIIEIOBAHUS
a/IcopOLMu TOIyoa U3 pa30aBICHHBIX BOJHBIX PACTBOPOB AKTHBUPOBAHHBIMHU YIIISIMU. Bbuin
UCTIONB30BaHbl ypaBHeHHs Jyonnuna-Panymkesuua ([IP) [3] u Qyounnna-Crexmu (JC) [4]
JUISL BBIYKCIICHUS. KOHCTAHT aJCOPOLIMOHHOTO PABHOBECHSI B M3y4YCHHBIX CHCTEMax U IpOBe-
JIeHa OLIEHKA BIIMSIHUA IIapaMeTPOB MOPUCTOH CTPYKTYPbI H3YUSHHBIX COPOCHTOB Ha 3HAUCHUS
9THUX KOHCTaHT. [loyueHo y10BIE€TBOPUTEILHOE COBIAJICHHE PACCUMTAHHBIX U IKCIIEPHMEH-
TaJIbHO HallIEHHbIX APaMETPOB aACOPOLIUH.

ITokazana BO3MOXXHOCTb HCIONb30BaHus ypaBHeHni TO3M Juist omicaHus U30TepM aj-
copOIMy OpraHUYEeCKUX BEIIECTB M3 OMHAPHBIX PacTBOPOB PA3IMYHBIMH MHUKPOIIOPHCTHIMH
ajcopbenramu [5, 6].
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APPLICATION OF DR AND DS EQUATIONS TO ADSORPTION ISOTHERMS OF
TOLUENE BY ACTIVATED CARBONS
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The study of hydrocarbons and related compounds adsorption has been carried out not
only for the sake of theoretical interest but also for the important solution of water treatment
problems and for the development of processes of purification of waste water and the produc-
tion of pure water.

Active carbons are applied widely for uptaking of organic substances containing in air
and water media. First Dubinin publications have been devoted to experimental study of or-
ganic compounds adsorption from water solutions by active carbon [1, 2]. As a main conclu-
sion made in [1, 2] the competition between the molecules of adsorptive and solvent for the
possession of active centers of adsorbent surface and the microporosity are main origin of the
selectivity adsorption process and slow diffusion into sorbent pores.

Here we have represented the results of the investigation of toluene adsorption from
water solutions by carbon sorbents at 298 K. The experimental adsorption isotherms were de-
scribed by DR and DS equations of the theory of volume filling of micropores (TVEM) [3, 4].
The values of equilibrium adsorption constants and limited volume of adsorption space were
compared for two samples of commercial active carbons. It was shown that both (DR and DS)
equations of TVFM have been applied satisfactory for the description of toluene adsorption
from water media on these active carbons. This work indicates the possibility to apply TVFM
equations for the description of processes in which nonpolar organic substances and related
mixtures are removed from water media using active carbons as the sorbents [5, 6].
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AJICOPBIIUMA METAHA HA NIOJIMMEPHBIX AJICOPBEHTAX.
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ITpoBeneno uccnenoBanue 1o aacopOLMK METaHa Ha IOJIMMEPHBIX ancopOeHTax
MN-200, MN-270 u axtuBHOM yriie D4609, nosry4eHHbIM ITyTeM [THPOJIN3a HOIUMEPHOTO
ajcopbenra, B uHTepBane nainenuit 0.1- 40 MIla mpu Temneparypax 303, 323, 343, 373K.
Yka3aHHbIe aicopOeHThI pousBeneHbl pupMoii Putolite International Lid. (Benuko0pu-
TaHusA). JI 3THX aIcOpOIMOHHBIX CHCTEM OBLIH OIpe/eIeHbl aJCOPOLHOHHbIE 00BEMBI H
paccuuTaHbl U30CTEPHUUYECKHE TEIUIOTHI aacopOImu. s aHAMMTHYECKOrO ONMMCAHMS W3-
OBITOYHBIX M30TEPM aACOPOLHH, PACCUUTAHHBIX MO HKCIEPUMEHTAIBHBIM JaHHBIM, MOJY-
YEHHBIM B LIMPOKOM MHTEPBAJIC JAaBJICHHUIL, a TAKOKe ISl HHTEPIIOSLUN M SKCTPAITOJISLHN
U3MEPEHHBIX HM30TepM B 00sacTb Oosiee BBHICOKUX AABJICHHUH, Mbl BBIOpAIH CIEAYIOIIYIO
¢ynxuuio (1), no ¢dopme nonoOHy0 TOH, KoTopyto npemnoxuan M.M.JdyOunHuH n
JI.B.PapgymkeBuy:

=Ky exp{-[In(K,/P)/[K»-K;P/(1+K,P)] @))

3nech Ky — BenuunHa agcopOLuy B MaKCUMyMe U30Te€pMbl U30bITOUHOM ancopbunu, K; —
3HAYCHHE JIaBJICHHs, COOTBETCTBYIOIEE BEJIMYMHE acopOuuu B Makcumyme, Ko , K3, Ky —
K03(h(HUIMEHTBI, COOTBETCTBYIOIIME HAMITyUIlIEeMy OnucaHnio QyHkuueit Buaa (1) skcre-
PHMEHTAIBHBIX JAHHBIX, KOTOpBIE JIETKO MOAOMpAIOTCS, HampuMep, MeTonoM HbioToHa.
Ha puc.] mpencraBieHbl pacCUMTaHHBIC U3 DKCIEPUMEHTAIbHBIX TaHHBIX H30TEPMBI H3-
OBITOYHOM aJcopOLMK METaHa HAa MOJUMEpHBIX aacopbentax MN-270, MN-200, Ha yrie
D4609 no nasnaenus 40 MIla npu 303K BMecTe ¢ uX anmpokcuManuei 1o ypasHeHu:o (1)
(moKa3aHa CIUIONIHOM JHMHKEH), a TaK)Ke W30TepMa U30BITOYHOW aaCcOpOIMM METaHa Ha
MukpornoprctoM yrie CMS mBeitnapckoro mpousBojctBa 10 aaBieHuid 150 MIla u
T=313K. Kak BuzHO, ypaBHeHHe Buaa (1) XOpomIo onuckiBaeT H30TepMy U30BITOYHON aj-
copbriu MeTaHa Ha MukporopuctoM yriie CMS BO BceM U3MEPEHHOM MHTEpBAJIC JaBie-
HHUI ¥ M30TEpPMbl M30BITOUHON aIcCOPOIIMU MeTaHa, u3MepeHHbIe 10 aaBieHuid 40 MIla Ha
yriie D4609 u na nonumepHsix agcopbentax MN-200 1 MN-270. CneyeT OTMETUTB, YTO
JlaXke CTOJIb JajieKast KCTPAINOIALHs H30TepPM M30bITOYHOM aacopOLUH O 3TOMY YpaBHe-
HUI0 110 ~150 MIla He NTPOTUBOPEUUT MOBEACHUIO H30TEPMBI U30BITOYHON acOopPOLUH Me-
TaHa Ha MHKpomopucToM yrie CMS. H3oTepma H30bITOUHON acOpOIMY METaHa Ha yrie
D4609 umeet Gosee pe3Ko BBIPaKEHHbBI MaKCHUMyM, YeM Ha MOJMMEPHBIX aJCcopOeHTax
MN-270, MN-200. Bo3M0>XHO, 3TO CBSI3aHO C 0oOJiee KECTKOW CTPYKTYpOW 3TOrO ajcop-
Oenra. Ha 6a3e IpoBeJeHHBIX HUCCIETOBAaHUN PacCMOTPEHBI BOIPOCHI BO3MOXKHOCTH Xpa-
HEHHsI METaHa B aJICOPOMPOBAHHOM COCTOSHHU B €MKOCTSIX C aICOPOCHTOM H BOMPOCHI 00
3¢ dexTUBHOCTH HTOTO cr1ocoda Mo CPaBHEHUIO C XPaHEHHEM ra3a B eMKOCTAX 0e3 ancop-
6enta. Kpome Toro, 1aHsl peKOMEH/IAIMHU 110 BHIOOPY acopOeHTa ISl eI XpaHSHHUs Me-
TaHa U yKa3aH OJJMH U3 BO3MOXKHBIX ITyTeH YBEJIMUYEHHUS 3aIacaeMoro rasa.
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A.A. Pribilov, [.A. Kalinnikova, L.G. Shekhovtzova, V.D. Davankov,* M.P. Tzurupa*
Frumkin Institute of Physical chemistry and electrochemistry Russian Academy of Sciences,
119991 Moscow, Leninsky prospect 31, Russia
E-mail: pribylov_34@mail.ru
*Nesmeyanov Institute of elementalorganic compounds, RAS, 119991, Moscow, Vavilov
str., 28, E-mail: davank@jineos.ac.ru

Methane adsorption on polymer adsorbents MN-200, MN-270, as well as on active
carbon D4609 resulted from pyrolyse of polymer adsorbent, has been studied in the inter-
val of pressures of 0.1- 40 MPa at temperatures 303, 323, 343, 373K. The adsorbents were
produced by Putolite International Lid. (United Kingdom). The adsorption volumes and
isosteric heats of adsorption have been defined for the systems under study. In order to
describe the exceeding adsorption isotherms calculated on the basis of experimental data
obtained in a wide range of pressures, as well the interplolation and extrapolation of the
experimental data to the range of higher pressures, we have chosen a function (1) with a
shape similar to that proposed by M.M. Dubinin and L.V. Radushkevich:

=Ky exp{-[In(K,/P)/[K»-K;P/(1+K,P)] }* (1)

Here Ky — the adsorption value at maximum of the isotherm of exceeding adsorption, K; —
the pressure corresponding to the maximum adsorption, K> , K3, K, — the coefficients of
the function (1), describing the experimental data, which are fitted for example, by means
of Newton method. Figure 1 shows the calculated isotherms of exceeding adsorption of
methane on polymer adsorbents MN-270, MN-200, and carbon D4609 up to 40 MPa at
303 K with their approximations according with function (1) shown by solid curve, as
well as the isotherm of exceeding adsorption of methane on microporous carbon CMS
(Switzelandup to the pressures of 150 MPa and 7=313 K. It is obvious that the function
describes the isotherms of exceeding adsorption of methane on carbon CMS in the whole
range of pressures as well as the isotherm of exceeding adsorption of methane on carbon
D4609 measured up to 40 MPa and polymer sorbents MN-200 and MN-270. It should be
noted that even long-range extrapolation of the isotherm of exceeding adsorption up to ~
150 MPa with this function does not contradict the behaviours of the isotherms of exceed-
ing adsorption of methane on microporous carbon CMS. The isotherm of exceeding ad-
sorption of methane on the carbon D4609 has more pronounced maximum compared with
that for polymer adsorbents MN-270, MN-200. Likely it is caused by more rigid structure
of this adsorbent. Basing these investigations, the problems of methane storage in the ad-
sorbed state in container with adsorbent are discussed and the efficiency of this method
in comparison with gas storage in container without adsorbent. In addition the recom-
mendations on choosing the adsorbent for the purpose of storage of methane are given
with indication of one of the possible ways of increasing the storing gas volume.
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AJCOPBILIMOHHBIE CBOMCTBA YIJIEMUHEPAJIbHBIX KAPBOHU3ATOB
AKTHUBUPOBAHHBIX YIJIEKUCJIOTON

M.H. Crapkos*, .B. I'mazynoBa*, }0.51. ®unonenko*,
I''A. ITeryxoBa**, B.}O. ®unonenko***
*Jluneykuii 20cy0apcmeeHHblil MeXHUYeCKUull YHusepcumem
398600, e. Jluneyx, ya. Mockosckas, 30, E-mail: glazunova-iv@yandex.ru
** Uuemumym Qusuyeckou xumuu u snekmpoxumuu um. A.H. @pymxuna PAH
119991, 2. Mockea, Jlenunckuii npocnexm, 31
*EXuneykuil 3K01020-2YMAHUMAPHBIL UHCINUMYM,
398002, 2. Jluneyx, ya. Huocnss Jlocosas, 2

OfHUM H3 albTepHATHBHBIX METOJOB MOJydeHUs! 3P PEeKTHBHBIX aJcopOeHTOB, 00Ja-
JIAIOIINX BBICOKOH aJCOPOLMOHHON aKTHBHOCTBIO, SIBISIETCS TepMHUUecKas repepaborka Oy-
poro yrius. Llenpio maHHO# pabOThI SBISUIOCH HAXOXKACHHUE ONTHMAJIbHBIX YCIOBHH aKTHUBA-
MK KapOOHHM3aTOB Ha OCHOBE YIJIEMUHEPAIbHON IIMXTHI. YTJIEMHUHEpAbHbIE KapOOHHU3ATHI
MOJIyYald COBMECTHBIM CIEKaHHEeM Oyporo yris M KaoJMHHTA CO CBS3YIOIIUM (KaMEHHbIH
yroms Mapku [2K) mpu 700 °Cu aKTHBHPOBAIN AUOKCHAOM yriiepona. [lomydeHHsle agcop-
OCHTBI 00J1aJaF0T PA3BUTOI MUKPOTIOPHCTON CTPYKTYPOM, BHICOKOH YAEIbHON MOBEPXHOCTHIO
1 HOHOOOMEHHBIMH CBOMCTBAMU.

OOBEKTOM HCCIIEOBAHUI SBISUICS aKTHBHBIA Yroyib MOJyYEeHHBIH M3 KapOOHM3aTa Ha
OCHOBE OYpOro yris TexXHojoru4eckoi mapku B2 IoamockoBHOro yroasnoro 6acceiina (W*
- 5,79%; Al - 22.5%; yaaf 45%; St - 0,4%). Criekaromuii areHT — KaMEHHBIA YTroJib MapKu
K O® «AHTOHOBCKASI» (W* - 0,97%; A® - 9,1%; V' - 37,4%; S, - 0,4%) noGasusincs B
konmuectBe 20% wmacc. Jlob6aBka kaoiauHUTa MHXaHIOBCKOTO MecTOpoXIeHus Jlnnenkoi
obmactu (xumuaeckuii cocras: SiO; — 71,91, Al,O; — 10,37, CaO — 0,61, Fe,O3 — 3,77, MgO
- 0,71, H,O —-6,41, (K, Na),O — 1,90) cocraBnsna 5% macc. AKTHBaLUsI TPOBOAWIACH TIPU
temmnepatype 700 — 900 °C u e€ npoJoKUTENBHOCTh COCTaBIsuIa 3-25 MUH.

YV CTaHOBIIEHO, Y4TO MaKCHMaIbHBI 065EM Mukporop (0,125 — 0,138 cM*/r) gocturaercs
npu Temreparype T = 750 °C u npogomkutenbHocTH akTiBauu T = 10 MuH. OO0BEMBI MaKpO
— ¥ ME30M0p PacTyT IPH YBEIHYCHUH mapaMeTpoB mporecca. CyMMapHbIii 00bEM MOp aKTH-
BUPOBaHHBIX 00pa3LoB B 1,5 pa3a npesblaeT 00bEM 110p KapOOHU3ATA.

Metonom xunkodazHoit agcopOUuy U3 OMHAPHBIX YIIIEBOJOPOIHBIX PACTBOPOB OMpe-
JIeJieHa yJieJIbHas TIOBEPXHOCTD MO OEH30I1y, TOJIYOIy, alleTOHY, KOTOpasi B CPETHEM BapbHpO-
Bayach B npenenax 445 - 580 MYT Ui akTUBHpOoBaHHOTO copbeHTa CO,.

HoHoOOMeHHbIE CBOMCTBA MOJYYEHHBIX aICOPOESHTOB BO3PACTANIN C YBEIUUCHUEM TEM-
feparypsl U MPOJOJDKUTEILHOCTH MPOIIECCca aKTHBALMK. ITO OOBICHSACTCS YBEIHUYCHHEM MH-
HepaJbHOM 4aCTH TOTOBOTO MPOAYKTA.

YcraHoBiIEHa 3aBUCHMMOCTh CBOWCTB IIOJyYaeMbIX YIJIEMHHEPAIbHBIX aACOPOEHTOB OT
TEMIIEPATYPbI U MPOIODKUTEIBHOCTH MPOLIECCa aKTHBAIMK. Y IeNbHas TOBEPXHOCTh U 00BEM
[IOpP OIKCHIBAIOTCS TIOJIMHOMOM BTOPOI CTETICHH B 3aBUCUMOCTHU OT yCJI0BHil akTuBauuu. Or-
peneseHbl 1 KMHETHYECKHE 3aKOHOMEPHOCTH MPOLlecca aKTHBALUMK YIIIEMHUHEPAIbHOTO Kap-
Oonu3zara. BeIOpaHbl ONTUMANIBHBIC YCIOBHUS MOJTyYCHHS acOpOCHTOB Ha OCHOBE Oyporo yr-
JISL.

Takum 00pa3oM, MOIyYSHHBIE PE3yJIbTaThl CBUACTEILCTBYIOT O NMEPCIEKTUBHOCTHU I10-
JIy4eHHs! aIcCOPOEHTOB U3 OYpOro yriisi U BO3MOXKHOCTH UX TMPHUMEHEHHs Ul OYHCTKH CTOY-
HBIX BOJ| 3arpsA3HEHHBIX OPraHWYECKUMU PACTBOPUTEISIMH M B IIPOLECCE MOITOTOBKH IUThE-
BBIX BOJ.
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ADSORPTION PROPERTIES OF COAL-MINERAL CARBONATES
ACTIVATED BY CARBONIC DIOXIDE.
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of A.N.Frumkina of the Russian Academy of Sciences
119991, Moscow, Leninsky prospect, 31
*** Lipetsk ekologo-humanitarian institute
398002, Lipetsk, street Bottom Logovaja, 2

One of alternative methods of reception of the effective adsorbents possessing high ad-
sorptions activity is a thermal processing of brown coal. The purpose of the work was to find
the optimal conditions of activation of the carbonates based on coal-mineral mixture. The
coal-mineral carbonates received by joint sintering of brown coal and aluminosilicate with
binding (coal of mark GF) at 700 °C and activated by carbon dioxide. The final adsorbents
possess by developed microporous structure, a high specific surface and ion exchange proper-
ties.

Object of researches was an active coal received from carbonates based on brown coal
of technological mark B2 from the Moscow Region coal field (W* - 5,79%; A® - 22.5%; V'
- 45%; S - 0,4%). The caking agent — coal of mark of GF CF "ANTONOVSKY" (W* - 0,97%;
Al - 9,1%; it 37,4%; S; - 0,4%) was added in amount of 20 % of weight. An additive alu-
minosilicate from the Mihajlovsky deposit of the Lipetsk region (a chemical compound: SiO,
—-71,91, ALO; - 10,37, CaO — 0,61, Fe;O3 — 3,77, MgO — 0,71, H,0 —6,41, (K, Na),0 — 1,90)
was of 5 % of weights. Activation was performed at temperature 700 — 900 °C and its dura-
tion was of 3-25 minutes.

It was established that the maximum volume of micropores (0,125 — 0,138 sm3/g) was
achieved at T = 750 °C and durations of activation equal to T = 10 minutes. Volumes of ma-
cro- and mesopores grow with increasing parameters of the process. The total pore volume of
activated samples in 1,5 times exceeds that of carbonates.

Method of the liquid adsorptions from binary hydrocarbonic solutions defined a specific
surface on benzene, toluene, acetone which on the average varied within 445 - 580 mz/g for
activated sorbent COs.

Ton exchange properties of the received adsorbents enhanced with the increase in tem-
perature and duration of process of activation. This fact can be explaned by the increase in a
mineral part of final product.

Dependence of the properties of the received coal-mineral adsorbents on the tempera-
ture and duration of the activation process is established. The specific surface and pore vo-
lume are described by a polynom of the second degree depending on activation conditions.
Kinetic laws of activation process of coal-mineral adsorbents were also defined. Optimum
conditions of reception of adsorbents on the basis of brown coal have been defined.

Thus, the results obtained testify the availability of producing the adsorbents from
brown coal and possibility of their application for sewage treatment polluted by organic sol-
vents and in the course of preparation of potable water.

161



I'MBPUAHBIE YIJIEPOAHO-MUHEPAJIBHBIE MATEPHAJIBI PAZHOI'O
COCTABA, UX CTPYKTYPHBIE 1 COPBIIMOHHBIE CBOMCTBA

C.C. Crapuukas', C.1. T]:)O(bPIMeHKOl , BM. BHKapqul, H.B. Coru', H.H. L{pi6a’,
T.IL HeTpEEHKOI, X. Eym;{aKOBa2
' Unemumym copbyuu u npobrem sndosxonoeuu HAH Vpauni, yn I'enepana Haymosa, 13,
Kues 03164, Ykpauna; E-mail: stav@ispe.ldc.net
ZYHueepcumem Komenuyca, Mnvincoka donuna B-2, bpamucaasa, Cnosaxusi.
E-mail: bujdakova@fns.uniba.sk

OcCHOBHas 1IeJIb MCCIIC/IOBAHUsI COCTOSIa B pa3paO0TKe HOBBIX alIUIMKAI[MOHHBIX COpPO-
LIMOHHBIX MaTE€PUAJIOB Ha OCHOBE JECIIEBOTO U JIOCTYIIHOTO IPHPOIHOTO CHIPbSi — MUHEpAIIb-
HBIX HOHHBIX ocankoB (JIO) YepHoro Mopst u crenuaibHO MOAUGMUIUPOBAHHBIX YIJel pas-
JINYHOTO MPOUCXOXKIACHHS.

CuHTe3UpOBaHBI AKCIICPUMEHTAIBHBIC 00pa3Ibl HOBBIX THOPHIHBIX COPOCHTOB Pa3HOTO
cocTaBa Ha OCHOBe JTOHHBIX ocankoB ([10) YepHoro mopsi ¢ Hu3KkuM coxepxanueM (1-4%)
yriel pa3IMyHOTO MPOUCXOXKICHUS W XMMHUYECKOH MPHPOABI MOBEPXHOCTH (U3 IpoOIICHOI
¢pykroBoit kocroukn KAY u xokocoBoro opexa mMapku Chemvirony # Chemvironege) ¢
BapbUPOBAHMEM COCTaBAa M COOTHOLICHMS COCTAaBILSIIOIIMX [UISl PEryJIMPOBAHUS KOHEYHBIX
CBOWCTB TOJIyYEHHBIX MaTepHaioB. M3y4eHbl CTPYKTypHbIE XapaKTEePUCTHKN KaK UCXOIHBIX,
TaK 1 KOMOMHUPOBAHHBIX COPOCHTOB; MOJIy4YEHbI BEIMYHMHBI YIeIbHOMN noBepxHocTH 110 BOT,
00BEMBI M TIOBEPXHOCTH MUKPO- U ME30TIOp, 00IInii 00beM HOp 1o OEH30I1y, pa3Mephl PajIny-
COB IIOp UccieayeMbIX copOeHToB. HaliieHo, YTO MCXOAHBIC KOMIIOHEHTBI THOPUAHBIX MaTe-
puanoB O6butn MukpomopucteivMu ([0, KAY)) u me3onopuctsiMu (crieruansHo 0O6paboTaH-
HbIi yroab Chemvironyes,). 3a cyer Hanu4usi B THOPUAHBIX COPOCHTAX YIJIepOAHON COCTaB-
JISIOIIEH YITy4YIIAINCh WX CTPYKTYPHBIC ITOKa3aTeNM: C yBEIWYEHHEM KOJIMYECTBA YIS B
KOMITO3HTAX YBEIMUMBATACH yACTbHAS TOBEPXHOCTH cHETe3npoBanusx KC ¢ 40 g0 100 M*/r
Haiineno BiausiHMe cocTaBa THOPHIHBIX MAaTEPHATIOB Ha BEIWYHHBI COPOLMH METHIEHOBOTO
rory0boro, oja ¥ SHEPIHU aKTUBAIMHU acopOnnu. AcopOIHs METHIICHOBOTO TOIy00ro Anr
u3mensitachk co 130 mo 315 mr/r, Bo3pacrana u aacopbouus ioaa Ay, ¢ 74 no 88%.

Ha ocHOBaHMM IOCTPOSHHBIX U30TEPM aACOPOIMU a30Ta OBUIM PAaCCUUTAHbl BEJIUYHHBI
IIOBEPXHOCTHBIX (PpaKTaNbHBIX pazMepHocTei [| uccienyembix obpasuos. HaiineHo, 4ro 00-
pasibl IPOSIBISIIOT TIOBEPXHOCTHYIO (PAKTaIbHOCTD, 8 BEMYMHbI J| H3MEHSIOTCS B IIpesienax
2,09 — 2,74 u mano yeM omIMUaloTCs OT J| IPUPOJHBIX MNIMHUCTBIX MUHEpaoB. OnpeneneHsl
Benn4uHBI SHeprui aktuBanuy (E,«) agcopbumu a3ora Ha McclIeayeMbIX THOPHIHBIX COp-
6enrax. [lokazaHo, 4To ¢ yBeIMuYeHHEM 00beMa MUKDPOIIOP B YIIIEPOAHBIX COCTABISIONIMX OT
0,293 o 0,469 em’/r Eauq ymenbimaetes ¢ 23 mgo ~13 xJx/mMoinb, a aacopOLMOHHAsT Coco0-
HOCTh K N, Bo3pactaet. Huskas Benmmunna Ey. (11 x/Dk/MoIb) oTMeuanach U st HCXOHOTO
MHKPOIIOPHCTOTO JIOHHOTO OCaJIKa.

Paboma evinonnena npu ¢hunancosoii nodoepaicke I ockomungopmuayku Yxpaunsl, 002060p
Ne M/75-2010.
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CTPYKTYPHO-COPBLIMOHHBIE CBOMCTBA YIJIEPOJJHO-MUHEPAJIbHBIX
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B.B. Crpenko
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Kues 03164, Ykpauna, e-mail: stav@ispe.ldc.net

B UCIIS HAH VYxkpauns! pa3paboTaHbl TEOPETHIECKHE OCHOBBI, JAHO HAy4yHOE 000C-
HOBaHHE CO3/IaHHIO U TOy4eHbI HOBBIE A ekTuBHbIe KoMmo3uinonHbie copbentst (KC); B
J1a00paTOPHBIX YCIOBHSAX OTPAOOTAHbl OCHOBHBIE DJIEMEHTHI TEXHOJIOIMI CHHTE3a KOMOMHHU-
POBAHHBIX HTEPOCOPOEHTOB, B KOTOPBIX YCIIELIHO COUETAIOTCs CBOMCTBA JBYX U OoJiee KOM-
IOHEHTOB, B3aHMHO NONOJHAIOMUX APYT Apyra.JlaH KpaTkuil 0030p JaHHBIX IIO CHHTE3y U
UCCIIE/IOBAHUIO TOJY4YSHHbIX KOMOMHUPOBAHHBIX COPOEHTOB Pa3iInyuHOM npupoasl.  M3yue-
HBI CTPYKTYpPHbIC XapaKTEPUCTUKH, COPOLHOHHAS CIIOCOOHOCTh K BEIeCTBAM-MapKepaM, Ho-
Ham Tsokensix MetasioB (Cd, Co, Cu, Zn, Fe, Ni, Pb) u pagnonykiuaam (PH) kommo3utos Ha
OCHOBE CIELUAIbHO MOJU(ULUPOBAHHON BOJIOKHHCTOH yriaepogHol cocrasisiomen (AYB-
M) n naneiropekuta (YapTpacop0); MOXUGHIMPOBAHHOTO YIS U3 JPOOICHHONH (PpyKTOBOM
kocrouku KAY,, u snamuna (Kapbokcukam), a Takke KAY,, n GHOKOMILIIEKCOB PUPOIHOTO
npoucxoxaeHus (Kapbomon). OHM NpOSBISIOT BBICOKYHO CEJIEKTHBHOCTH COPOLIMH IO e
(xoapurment pacnpenenenus - Kg ~ 30 000), BBICOKYIO HOTIOTHTEIBHYIO CIIOCOOHOCTD 110
90y (K¢~ 600, Ysrpacop0), yBennuuBarotr ~ Ha 20% €CTECTBEHHYO 3UMHUHALIMIO HHKOPIIO-
puposanusix PH (YibTpacop0), 0061agaioT aHTHOKCUIAHTHBIMU cBoMicTBamMu KapOokcukam)
u 6uonorudeckoil akTuBHOCTBIO (YibTpacopd, KapOonon), appekTHBHO cOpOUPYIOT HOHBI
TSDKENIBIX METAJIIOB, IPEXKE BCETO, CBUHIIA, KaJMUS, Kele3a U MEH.

Tomyuen psix cOpOHPYeMOCTH HOHOB Tskenbix Metamios (Cd>, Zn®*, Pb*", Fe®*, Ni*¥,
Co*", Cu*") ua cunresupoBammpix KC (Ysrpacop6 n KapGomoH) M Ha X COCTABIAIONIMX.
YcTaHOBJIEHO, YTO TIMHHUCTAsi KOMIIOHEHTa (haKTUUECKH HE M3MEHAET IIPUPOLY COpPOLHHU H3y-
YEHHBIX MOHOB, XapaKTEPHYIO 1JIsl OOBIYHBIX OKUCIEHHBIX YIJIEPOAHBIX copOeHToB. Crenano
HPEATONIOKEHHE O BO3MOXKHOCTH CHIDKCHHUSI KOHIIEHTPAIMU YKa3aHHBIX HOHOB 10 (hHU3HOIO0-
TMYECKHX HOPM B OPraHM3Me C IIOMOIIbI0 KOMOMHHPOBAHHBIX MaTepHAJIOB Ha yIIEePOAHON
HeopraHuueckoil ocHoBe. HaiiieHbl KoIMuecTBEHHbIE XapaKTePUCTUKH (KO3 dULUEHTHI pac-
HpeleNieHus 110 KaXAOMY M3 HOHOB, Kgy), IeMoHCTpHpyomue H30upaTenbHOCTh COpOLUH
KOMITO3HIIIOHHBIMU COPOCHTAMH HOHOB TSDKEJIBIX METAaJUIOB M PajHoLe3ds. DTH JaHHbIC He-
00X0AUMBI Julsi OOBEKTUBHON OLIEHKH CBOHCTB HCCIIEIYyeMBIX COPOCHTOB, SBIISIOLIUXCS JIe-
KapCcTBEHHOH CyOCTaHIMEH, IPH CpaBHEHUH C H3BECTHBIMU aHAIOIaMU, a TaKXkKe UL 000CHO-
BaHMs NIPABUIBHOM TO3MPOBKH HX TIpUEMa B JaJibHEIIeM Kak JeKapCTBEHHOIO CPEICTBA.

IIpeu10xeHbl MyTH BO3MOXKHOI0 IpUMeHeHus uccinegyemsix KC.
Paboma svinonnena npu gunancosoti noodepoicke I ockomungopmuayrku Ypaunsl, 002060p
Ne M/75-2010.
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W3YYEHUE COPBIUA CMECE OPTAHUYECKHAX BELIECTB U HOHOB
METAJLJIA YIJIEPOJIMHMHEPAJIBHBIM COPBEHTOM

T.A. KoBanenko, JI.H. Aneesa
Omckuii 2ocyoapcemeennuiii yrugepcumem um. @.M. Jlocmoesckozo
644077, 2. Omck, npocnexkm Mupa, 55 A
E-mail: kovalenko_85@list.ru

Croy4HbIe BOJBI IPOMBIIUICHHBIX IPEAIPUSITHH, KaK IPAaBIIO, BKIIOYAIOT B Ce0s MHO-
TOYKCIICHHBIE ¥ PA3JIMYHBIE 10 MPUPOJIC BUABI 3arpsA3HEHHUI: TsHKENbIe MeTallibl, He(Tenpo-
JAYKTBI, IMOBEPXHOCTHO-aKTUBHBIC BEIIECTBA, KPACHUTCIIU. HOSTOMy AKTYaJIbHbIM SBJISICTCA
CO3/IaHHE YIIEPOAMUHEPATBHBIX COPOCHTOB, CIIOCOOHBIX HM3BJICKATh U3 BOAHBIX PACTBOPOB
KaK TIOJIIPHBIC, TAK U HemousipHble BemiectBa [1]. Panee Obuta mccrmemoBaHa cOpOLMOHHAS
CIIOCOOHOCTD YIJIEPOJMUHEPAILHOIO COPOSHTA U3 CalpoIess 0 OTHOIICHUIO K HOHAM Me-
TaJJIOB U OPTAaHMYECKUM BeEIIeCTBaM, W IIOKa3aHa 3()(EKTUBHOCTh COPOIMH KaK TeX, TaK H
JIPYTHX BELIECTB U3 UHINBUAYAIBHBIX PACTBOPOB [2].

[IpencraBnsier MHTEpEC U3ydyeHHE aJCOPOLIMOHHOM CIIOCOOHOCTH YIIEPOAMHUHEpalb-
HOTO CaIpoIeIeBOro cOpOeHTa 0 OTHONICHUIO K HOHAM MeTajlla i OpraHUYEeCKOMY BEIIecT-
By IPH UX COPOLIMH U3 pacTBOPa, OAHOBPEMEHHO COJeprKallero 00a ykazaHHbIX KOMIIOHEHTA.
Jlnst n3ydenus Obu1 BBIOpaH yriiepoAMUHEpaIbHbINH cOpOeHT, coneprkamuii 88 % macc. MuHe-
paJIbHBIX BEIIECTB M MOJIy4eHHBI kapOonu3armei npu 700°C canponens KpeMHE3eMUCTOrO
tuna [1]. OgHoBpeMeHHas: COPOILMOHHAs CIIOCOOHOCTh M3YYanach IO OTHOIICHHUIO K MOHAM
MeJU U OJHOMY U3 opraHudeckux Bemects (AIIAB — nonenuncynsdary Hatpus, HedTenpo-
JIyKTaM, METHICHOBOMY ToJ1yOoMy, (eHoIy).

KoHneHTpaiuss MOHOB Meau BO BCEX pacTBOpax Obula IOCTOSIHHA W COCTaBslIa
0,5 MMoJIB/11. BBUIM IpHroTOBNIEHB! pacTBOPEl HOHOB Meau (II) ¢ KaabIM M3 OpraHMYEeCKUX
BEIIECTB C COOTHOIICHHEM MOJISIPHBIX KOoHIeHTpanwid 1:1, 1:2, 1:3 u onpeneneHbl BETUIHHB
COpOLMH Ka)XI0T0 KOMIIOHEHTA Ha YriepoJMUuHepanbHOM copOente. [loydeHnsle pe3yibra-
THI CPaBHUBAJIU C BEIMYMHAMHE COPOLMY U3 MHIUBUIYalbHEIX PACTBOPOB.

Benuuunsl copbuun oprannveckux BeriectB U nonoB meau (II) u3 cmemranHbIx pac-
TBOPOB CBUJIETEJILCTBYIOT O MPEUMYILECTBEHHON COPOLIMM OPraHUYECKUX BEIECTB B ClIydae
cmeceit ¢ AITAB n HeTeIpoyKTOB, HOHOB MEIU — B CIIyd4ae CMECeH ¢ MCTHICHOBBIM IOIy-
ObM. Bemmunmel copOipn kak ¢enosa, tak 1 noHoB Meau (II) mpu coBmecTHO# nx copOiu
YMEHBIIAIOTCS [0 CPABHCHUIO C BENMYMHAMU COPOLMM W3 HMHIMBHAYaIbHBIX PACTBOPOB.
IIpoBeneHHOE HCCIIENOBAaHUE TIOKA3aIO0, YTO YIIIEPOIMHHEPAIbHBIH COpOCHT o0namaer Ou-
(YHKLIHOHAIBHBIMH CBOMCTBAaMH, T.€. OJJHOBPEMEHHO CIOCOOCH M3BJIEKAaTh U3 BOIHBIX pac-
TBOPOB, KaK MOHBI METAJLIOB, TAK U OpraHM4eckue BerecTBa. OJHAKO OJHOBPEMEHHAs COpO-
LHsI OPraHMYECKOro BEIIECTBA U HOHOB METaJlIa U3 BOJHOTO PACTBOPA YIIIEPOAMHUHEPAIbHBIM
COpOEHTOM U3 carporess HOCUT HeaaquTHBHBIA xapakTep. biaronaps yriepoaMuHepaibHO-
My COCTaBY MEXaHM3M COpOLMH BEIECTB Ha YIIIEPOJMHUHEpaIbHOM copOeHTe Oyzaer Ooiee
CJIOXHBIM, YeM B Cllydae, HallpuMep, yIiiepoaHsix copoentoB. MK-cnekrpockonueii gokazano
HaJIM4YUe JIOTIOJIHUTENILHOIO B3aUMOJCHCTBHS aIcOPOMPOBAHHBIX OPraHMYECKHX BELIECTB C
MHHEpaJbHOI coCcTaBIIsIOIIeH copOeHTa.
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SORPTION OF MIXES OF ORGANIC SUBSTANCES AND METAL IONS ON
CARBON-MINERAL SORBENT

T.A. Kovalenko, L.N. Adeeva
F.M. Dostoevsky Omsk State University, Russia, Omsk, 644077, 55a prosp. Mira
E-mail: kovalenko_85@list.ru

Waste waters of the industrial enterprises, as a rule, include numerous and various by
the nature kinds of pollution: heavy metals, oil products, surface-active substances, dyes.
Therefore creation carbon-mineral sorbents, capable to take from water solutions both polar,
and unpolar substances is actual [1]. Earlier has been investigated sorptive ability the carbon-
mineral sorbent from sapropel in relation to ions of metals and organic substances, and effi-
ciency of sorption as that, and other substances from individual solutions is shown [2].

Studying of sorption abilities of carbon-mineral sapropelic sorbent in relation to ions
of metal and organic substance is of interest at them sorption from the solution simultaneously
containing both specified components. For studying has been chosen carbon-mineral sorbent
containing 88 % of mass mineral substances and received by carbonization at 700°C of sili-
ceous type of sapropel [1]. Simultaneous sorptive ability was studied in relation to ions of
copper and one of organic substances (to anion-active surfactant — sodium dodecyl sulfate, to
oil products, to methylene-blue, to phenol). Concentration of ions of copper in all solutions
was constant and made 0,5 mmol/l. Solutions of ions of copper (II) with each of organic sub-
stances with a parity molar concentration 1:1, 1:2 and 1:3 have been prepared, quantity of
sorption each component on carbon-mineral sorbent are defined. The received results com-
pared to quantity of sorption from individual solutions.

Sorption quantity of organic substances and copper ions of the mixed solutions testify
about primary sorption of organic substances in case of mixes with sodium dodecyl sulfate
and oil products, copper ions — in case of mixes with methylene-blue. Sorption quantity both
phenol, and ions of copper (II) at joint them sorption decrease in comparison with sorption
quantity from individual solutions. The conducted research has shown that carbon-mineral
sorbent possesses bifunctional properties, i.e. is simultaneously capable to take from water
solutions, both ions of metals, and organic substances. However simultaneous sorption of or-
ganic substance and ions of metal from a water solution on carbon-mineral sorbent from sa-
propel has not additive character. Thanking carbon-mineral composition the sorption mechan-
ism of substances on carbon-mineral sorbent will be more difficult, than in case of, for exam-
ple, carbon sorbents. The IR-spectroscopy proves presence of additional interaction of the ad-
sorbed organic substances from a mineral component of sorbent.
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AJICOPBIIMA U3 BOJHBIX PACTBOPOB HOHOB [Au(CN),|
AKTHUBHBIMHU YT'JIAMUA

C.A. Ky6pmxms'2, C.®. TpeGennmxos’ , B.B. ['ypsHos’,
P.1. U6parmvoea' 2, H.B. BopoGber-JlecsSTOBCKHUi
"' Canxm-ITemep6ypeckuii 20cydapemeentwiii ynusepcumem mexnonoauu u ousasina. 191186 2.
Canxm-Ilemepbype, yn. bonvwas Mopckas, 18. E-mail: sergkub@inbox.ru
2 - 340 «omumemant Hncunupuney, 198216, Canxm-Ilemep6ype, np. Hapoowozo ononuenus 9.2
*_ 040 HIIO «Heopearuxay, 144001,2. Dnexmpocmans, Mockosckas o6n.

Jns ynaBnuBanust HoHOB [Au(CN),]” M3 HU3KOKOHLIEHTPUPOBAHHBIX PACTBOPOB HCIIOJb-
30Banu akTuBHbIe yriau Tuna OAC ¢ OporpeccUpyromM pa3BUTHEM 00beMa MHUKpPOIOP H
KOCTOUKOBBIE yIiH. M3MepeHne copOIMOHHON €MKOCTH COPOEHTOB MPOBOAMIM METOOM
MEpEMEHHBIX HaBeCOK. KMHETHKY COpOLMU M3ydaau B COOTBETCTBHU ¢ MeTOAuKOH [']. M30-
Tepmsl aacopbrmu moHOB [Au(CN),]” mmenum BHI, XapaKTepHBIH [UIS JIDHTMIOPOBCKOW aj-
copOuuH. AHaNIN3 KOHCTaHT ypaBHeHHs JIDHrMIopa nokasai, 4To YIJIM MMEJIH BHICOKHE BEJH-
YHMHBI Ipe/IeNIbHOM ancopOuuu auimanoayparHoro(l) annona (60-90 mMr/r); KOHCTaHTa paBHO-
Becus (k) OCTaTOYHO CHIIBHO 3aBHCHT OT PasBHTHSI MOPUCTOM CTPYKTYpbl yrist. Tak mpu
YBEIMYEHUHU YJeNbHON oBepXHOCTH OT ~ 420 1o 1000 Mk BO3pacTtaeT oT ~ 22 10 49. Poct
3HauyeHUH K Bieder 3a co0OH CHIBHOC YBEIMYCHHE aKTHBHOCTH aJCOPOCHTOB NPH HU3KUX
koHneHtparusax [Au(CN),]". IIpu xoHuentpauuu 3o10ta (I) B pactBope 20 Mr/i1, eMKOCTb aj-
copbenra Beipocia oT 14 10 41 Mr/r ciMOaTHO POCTY UX YAETbHOW MIOBEPXHOCTH.

Just wactur cepudeckoid popmbl NpeIoKeHa METONOIOTUS U3MEPEHUsST KO PHLH-
eHTa BHyTpeHHe# nuddy3nn U3 pacTBOpa MEpPeMEeHHOT0 COCTaBa METOZIOM MOMEHTOB!

M, = (1-Y)R¥/15De, rae M(uac) - nepsblii MOMEHT KMHETHYECKOH KpHBOI (ILIOMWAzb HAJ
KHHETHYeCcKoi kpuBoi B koopauHarax y(t) ot y = 0 1o y = 1), R(M) — panuyc chepuueckoii
rpanyer, De(M%/c) — 5 bexTHBHDIH K03 (UIHEHT BHyTperHei Tuddy3un.

V= (Co - Coo)/ Co;

Y=(Co-Cy (Co-Cx); De=D /(K + 1),

TZI€ Co, Co, € (T/11)— KOHIIEHTPALIUH aCOPOTHUBA B MOMEHTHI Bpemeru T = 0, oo, T; K- koHCTaH-
Ta ['eHpH; y - OTHOCHTEIbHAS BEUYUHA COPOLIUH,

K; = ax/Cx, I'I€ 2y (MI/T)- paBHOBECHAS BEJIMYMHA aJICOPOLIUH.

MowmeHT M| pacCUuTHIBAIN, HCIIONB3YsI YpaBHEHHE KHHETHIECKON KPUBOI
y=1-exp(-3t") (1,
U3 KOTOPOTO CIIEyeT aHAIUTHIECKOE BRIPaXKCHIH UL M,

M, = 5T (1+1/m),

rie 8; n — KOHCTaHThl; D (M*/c) — xoadppuument By TpenHeii mupdysum; T'(x) — ramma QyHKLHs
[m].

Jlns onpeneneHnss KOHCTAHT O U N MPOBOIWIIHN JBOitHOE JorapudmupoBanue ypasaenus (1):
In(-In(1 -y))=Ind+nlnt.

[IpoaHaan3upoBaHO BIMSHUE MOPUCTON CTPYKTYpPbI aKTHBHBIX yIJied Ha KOI((HHUIMEHTHI

BHyTpeHHe# quddy3um.
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ADSORPTION OF [Au(CN);]" IONS FROM WATER SOLUTIONS BY ACTIVE
CARBONS
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chenya, 2, Russian Federation
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The active carbons of FAS grade with progressive development of micropore volume as well
as the stone coals were used for catching [Au(CN),] ions from low concentration solutions.
Measurements of sorption volume of the sorbents were performed by the method of varyng
samples. Sorption kinetics was stuied in accordance with the routine ["]. The adsorption iso-
therm of [Au(CN),]ions had the shape typical for Langmur adsorption. The analysis of the
constants of Langmur equation showed the high values of ultimate adsorption of dicyanoau-
rate (I) anion (60-90 mg/g) by carbons; the equilibrium constant (k) was strongly dependent
on development of carbon porous structure. Thus k increased from ~ 22 up to 49 with in-
creasing of surface area from ~ 420 to 1000 m”/g . The rise of k values causes the strong en-
hancement of adsorbent activity at low concentrations of [Au(CN),]. At concentration of gold
(D) equal to 20 mg/1 in solution the adsorbent volume increased from 14 to 41 mg/g simbasis-
ly with the rise of their specific surface.

For the spherical partiles the methodology of measuring the coefficient of internal diffu-
sion from solution of varyng content based on the method of moments:

M, = (1-V)R%15De, where M, (hour) — the first order moment of kinetic curve (square above
the kinetic curve in coordinates y(t) vis y =0 to y = 1), R(m) is a radius of the spherical gra-
nule, De(m?/s) is the effective coefficient of intenal diffusion.

Y =(Co- Cs) Co;

¥=(Co- C)/ (Co- Cx); De =D /(K; + 1),

where ¢,, ¢, ¢ (g/l) is adsorptive concentration at the mments of time t = 0, oo, 1; K; is the
Henry constant; y — the relative value of adsorption,

K: = a./c., where a, (mg/g) is the equilibrium adsorption value.

The moment M, was calculated using the equation of kinetic curve
y=1-exp(-dr") 1,
from which the analytical expression for M; follows
M, = &I (1+1/n),
where 8; n are the constants; D (mz/s) is the coefficient of internal diffusion; I'(x) — gamma func-
tion [*].

For determinating the constants 6 and n double logarithmic transformation of equation (1):
In (-In(1 -y)) =In é + n In 7, was applied

The influence of the porous system of active carbons on the coefficients of internal diffusion

was analyzed.
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OB DOGEKTUBHOCTH PA3HBIX BUTOB MOJIUPUKALIUIA
HAHOI'JIOBYJIAPHOI'O JUCHHEPCHOI'O YIVIEPOJA C HEJIBIO
VBEJUAYEHUSA EI'O AJJCOPBIIMOHHOW AKTUBHOCTHU IO OTHOUIEHUIO K
MNOJIMBUHUJIOBOMY CIIUPTY

0.A. Koxanosckas, ['.1. PazpsikoHoBa
VYupeowcoenue Poccutickoti akademuu nayk Hncmumym npobiem nepepabomku
yeneeodopoooe Cubupcrkozo omoenenusi PAH, 644040, 2. Omck, Hepmesasoockas, 54
E-mail: rgi@ihpp.oscsbras.ru

I[l/lcl'lepCHbIﬁ yriaepon sABJIACTCA NEPCICKTUBHBIM HAITOJTHUTEIIEM MIPU CO3JaHUU KOMIIO-
3UIUHA MaTepPHAIOB Ha OCHOBE PA3JIMYHBIX HonuMepoB. OTHUM W3 HaNpaBICHUH €ro HUCIIOIb-
30BaHMS SIBISIOTCS TUCHIEPCHO HAMOJIHEHHbBIE THAPOTeIM Ha OCHOBE IOJMBHHUIOBOTO CIUPTA
(ITBC).

B nmanHOM HcceIOBaHMM METOMOM CTAaTHYECKOHW aacopOIuy M3ydeHa COBMECTHMOCTD
MEPCIIEKTUBHOTO B KA4E€CTBE HAIMOTHHUTENSI JucrepcHoro yriaepona mapku 1514 u IIBC my-
TEM OLIEHKH €ro NpeieNIbHbIX BeIH4uH axcopOuuu no otHoueHuto k [IBC mapku Canguon
1399M ¢ monekymspHoit Maccoit 57200 r/MoIb, KOTOPBIHA ITHPOKO HCHOIB3YETCS B IPOM3BOJI-
CTBE TUIpOrenei.

Ancopbuyro u3 BogHbIX pactBopoB IIBC Ha qucnepcHOM yriepoje NMpOBOJMIM B CTa-
THYECKUX ycinoBusix mpu temmeparype 21+l °C. C uenblo co3maHus TUIPOQUIBHO-
ruapodoOHOIT MO3aMYHOCTH TOBEPXHOCTH MCXOAHBIA (1) 0Opasell AUCIEePCHOTrO Yriepoaa
Mmapku [1514 npenBapuTelsHO MOIUPUIIMPOBAIN ITyTEM OKHCICHHS BOIAHBIM PacTBOPOM Iie-
PEKUCH BOAOPO/a (2) ¥ IPOTUTKON BOJAHBIM PACTBOPOM I-XHHOHA (3).

CpaBHUBaJIM XUMHYECKH OTHOPOIHbIE 00pasipbl (2) u (3), KOIMYECTBO XMHOHHBIX
IPYNIl B KOTOPBIX, YCTAHOBJIEHHOE OKHCIUTEIbHO-BOCCTAHOBUTENBHBIM MeTonoM [l1], co-
craBmsuio 0,5 mr-ake/r. Konnentpanuto [IBC B BOgHOM pacTBope 10 U MOCIE aaCOPOIUH OII-
penensinu ¢ nomolsio uuTeppepomerpa UTP-2 ¢ norpentnoctsio 0,5%.

H3orepmsl agcopbuun-necopouu IIBC aucnepcHbIM yriepoioM HMeIH HAaChIIEHHbIH
BUJI U NOAYMHSINCH YpaBHEHHUIO JISHTMIOpa, 4TO CBHIETENBCTBYET 00 SHEPreTHYECKH OJIHO-
POIHOM MOBEPXHOCTH a7cOpOeHTOB. BennunHbl npeaenbHoii aacopOun (as,) ¥ KOHCTaHTHI (K)
aZICOPOIIIOHHOTO pPaBHOBECHS HAaXOAWIM W3 JIMHEHHBIX TpaQUKOB B KOOpAMHATaX
Ci/C—f(Ci/Cy/(ai(1- Ci/Cy))), tne Cs ompenensiiin Kak BETUIUHY, OOPaTHYIO XapaKTepHUCTHUE-
ckoii Bsizkoctu [1BC.

3HavyeHNs NpeeabHON ancopOIH a, COOTHOCHINCH Kak 1(/):9(2):3(3), a ancopOuumoH-
HBIA KO PHUIHEHT K y o0pasiia 2 OKa3ayics B YeThIPE pa3a HIDKE, YeM Y OCTAIbHBIX, YTO
yKa3bIBaeT Ha cuiibHOe B3aumozeiicteie [IBC ¢ MoauduiipoBaHHOW M-XHHOHOM ITOBEPXHO-
CTBIO JUCIIEPCHOTO yriieposa Onarofaps oOpa3oBaHHIO BOJAOPOAHBIX CBs3€H Mexay IMapo-
kernamu [IBC 1 KUCTOPOIOM XMHOHHBIX TPYIIT aAcOpOeHTa U OOINbIIeH TOCTYMHOCTH IS
Mmakpomoekys [IBC rpynm n-xuHOHa Ha HOBEPXHOCTH aJcOpPOEHTA.
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ABOUT EFFICIENCY OF MODIFICATION DIFFERENT KINDS OF THE
NANOGLOBULAR CARBON BLACK FOR THE INCREASE PURPOSE OF ITS
ADSORPTION ACTIVITY IN RELATION TO THE POLYVINYL ALCOHOL

0O.A. Kokhanovskaya, G.I. Razdiakonova
Institute of Hydrocarbons Processing SB RAS, Omsk
E-mail: rgi@ihpp.oscsbras.ru

The carbon black is perspective filler at materials compositions creation on the basis of
various polymers. One of directions of its use is filled hydrogels on the basis of the polyvinyl
alcohol (PVA).

In the given research by a static adsorption method the perspective filler compatibility
as the carbon black P514 and PVA is studied by an estimation of its limiting adsorption value
in relation to the PVA of the Sandiol 1399m marks with molecular weight 57200 g/mole
which is widely used in the hydrogels manufacture.

The adsorption from PVA water solutions on the carbon black was spent in the static
conditions at the temperature 21+1 °C. For the purpose of the creation hydrophobed-
hydrophiled mosaic surfaces the initial (1) sample of the P514 carbon black preliminary mod-
ified by the water solution oxidation of the hydrogen peroxide (2) and the impregnation by the
p-quinon water solution (3).

Chemically homogeneous samples (2) and (3) compared, the quantity quinonic groups
in which, established by an oxidation-reduction method [1] made 0,5 mg-ekv/g. The PVA
concentration in a water solution before adsorption defined by means of an interferometer
ITR-2 with a margin error 0,5 %.

PVA adsorption-desorption isotherms on the carbon black had the sated appearance and
submitted to the Langmuir equation that testifies to energetically homogeneous of the adsor-
bents surface. Limiting adsorption values (a.) and adsorption balance constants (k) found
from linear graphic in

Ci/C(Ci/C(ai(1- C/Cy))),

where C; defined as value, return PV A characteristic viscosity.

Limiting adsorption values (a.) corresponded as 1(1):9(2):3(3), and the sample 2 ad-
sorption factor (k) has appeared four times more low, than at the others that indicates on the
PVA strong interaction with modified p-quinon carbon black surface thanks to the hydrogen
communications formation between PVA hydroxyl groups and oxygen quinonic groups of the
adsorbent and because of the biggest availability of quinonic groups on the adsorbent surface
for PVA macromolecules.
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MOJUPUKALNA NOBEPXHOCTHU HAHOI'JIOBYJIAPHOI'O JUCIIEPCHOI'O
YIUIEPOJA JUIAA YCKOPEHUA ET'O JUCHEPTUPOBAHUA B THAPOT'EJIAX

O.A. Koxanosckas, ['.11. Pa3npsikoHOBa
Yupeowcoenue Poccutickoti akademuu Hayk Hncmumym npobaem nepepabomku
yene6o0opooos Cubupckozo omoenenus PAH, 644040, o. Omck, Hepmesasoockas, 54
E-mail rgi@ihpp.oscsbras.ru

B Hacrosimee Bpems Hedyreqo0bIBaOIAs TPOMBIIIICHHOCTh HYXKIASTCSl B HOBBIX XH-
MHYECKHX TEXHOJIOTHSX U MaTepualiax Ul MOBBIICHUsS HeTEOTauu IUIacTOB, MHTEHCH(U-
KallMi pa3paOOTKH U CHIDKEHHS OOBOJAHEHHOCTH MpOoAyKuuu. Hampumep, uisi co3qaHus BO-
JIOM30JIUPYIOLIEro dKpaHa HpH a00biue He(hTH, MOTYT OBITh HCIIOJIB30BAaHBI MPOYHbIE IHC-
MEPCHOHATIOIHEHHBIE T'eJIeBble MaTePUasbl C MOBBIMIEHHOW rHAPOGOOHOCTHIO HA OCHOBE MO-
nBuHMIOBOro cnupta (IIBC) mnn metunuesuonosst (ML), B kauectBe runpodobHOro Ha-
MOJIHUTENIS TAKUX CUCTEM BechbMa d(h(eKTHUBEH NUCIIEPCHBIN YIIIepoa, KOTOPBIi obiagaeT of-
HOPOJHOCTBIO F'€OMETPUUECKUX, (PU3NUECKUX U XUMHUYECKHX XapaKTePUCTHK U KpOME YIpo-
4eHus NpUaéT ruaporessM ruipododHsle coiictBa. Ho ncronb3oBaHue ero B CyxoM BHIE
IPY MOJyYEHHH JHUCIIEPCHO HANOJHEHHBIX THApOreseil TEeXHUUECKH 3aTPyAHEHO U TpeOyer
€ro INpeJBapUTEeNILHOrO JUCIIePrupoBaHus B BoAHOH cpene. [ist aToro tpedyercst runpodu-
JIM3aIMs TIOBEPXHOCTH JucHepcHoro yriaepona. Oquum u3 3h(eKTHBHBIX TPUEMOB THAPOQHU-
JIM3alMU JUCTIEPCHOTO YIJIepOAia SIBISETCS €ro OKUCIECHHE ¢ HAKOIUIeHHeM ()YHKIMOHAIb-
HBIX TPYII HA €r0 IIOBEPXHOCTH WIIH MOBEPXHOCTHAS MOJU(BHKALMS COCAUHCHUAMHU C QyHK-
LUOHATBHBIMY Ipymamiu [ 1], apyrum - ancopoiust ITAB, Harmpumep, BBICOKOMOJICKYIISIPHOTO
MarpuyHoro nomumepa. Mx s¢@exTuBHOCTh OLEHUBANIU 1O CKOPOCTH AUCIEPTUPOBAHUS
JICIIEPCHOTO YIJIEpOsia B BOAHOI CYCIIeH3UH B OMCEPHOM U3MENbUHUTEIIE.

CpenHuii pa3Mep 4acTHI[ B CYCIICH3UH CHMKACTCS HPOIOPLMOHATIBHO BEIUYUHE COPOH-
poBanHOro nonumepa. Eie Gosee 3aMeTHBI 3G (HEKT HOCTUTAeTCsl OT MPUCYTCTBHS (YHK-
LHOHAIILHBIX KHCJIOPOJCOJAEPIKAIMX IPYMNIl HA MOBEPXHOCTH AUCHEPCHOIO YINEpoJa, siB-
JISTFOIUMUCSI IIEHTPAMH a1cOpOLMH BO/IbL. B 3T0# CBs13u cambiM 3()(eKTUBHBIM MOTU(PHUKATO-
POM TIOBEPXHOCTH JUCIEPCHOTO YIJIEpOAa SBISETCS Mapa-XHHOH, T-CONPSHKEHHAs CTPYKTypa
KOTOPOTO C MOJIMAPEHOBLIMH CJIOSIMU 00pa3yIOT IPOUHbIE, HE CMbIBAEMBIE BOJOH KOMILIEKCHI,
a XWHOWJHBIE T'PYHIBI, COOTBETCTBEHHO, YBEIMYMBAIOT THAPOQHIBHOCTh YIIEPOJHON MO-
BEPXHOCTH.

BbIsiBIIeHO, YTO TUCIEPrHPOBAHUE THAPOPUIN3UPOBAHHOTO Mapa-XUHOHOM JHCIIEPCHO-
ro yriepoja MpoucXoauT B 2 pa3a OwicTpee, ueM ¢ [IBC, uTo 00ycCIIOBICHO CTpeMIIeHHEM
koH(popmaruu BMC k obpazoBanuio ruapododHoro kinyoka. BeisBnennsiid addexr momu-
(DUKAMU TI-XUHOHOM TIPEANIOYTHTEIbHEE JJISI TEXHOJOTHH HMPHTOTOBJICHHS CYCIICH3UH JIHC-
MIEPCHOTO YIiepo/ia HENOCPEACTBEHHO Ha MECTE, YeM HCIIOJIb30BAaHUE BBICOKOMOJIEKYIISIPHBIX
ITAB.
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MODIFICATION OF THE NANOGLOBULAR CARBON BLACK SURFACE FOR
DISPERGATION ACCELERATION IN HYDROGELS
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E-mail rgi@ihpp.oscsbras.ru

Now the oil-extracting industry needs new chemical technologies and materials for a
layers petroreturn increase, a high efficiency and production water cut decrease. For example,
for the water isolating screen creation at an oil recovery can be used strong filled gel materials
with the raised hydrophobicity based on the polyvinyl alcohol (PVA) or metilcellulose (MC).
The carbon black is effective as the hydrophobic filler this systems, because it possesses a
homogeneous geometrical, physical and chemical characteristics and it gives the high force
and the hydrophobicity to the hydrogels. But for its use in a dry kind at reception of the filled
hydrogels it is necessary its preliminary dispergation in the water environment. For this pur-
pose are hydrophilized the carbon black surface. One of the effective receptions of the carbon
black hydrophilization is its oxidation or the surface modification by substances with func-
tional groups [1], another — the surfactant adsorption, for example, high-molecular matrix po-
lymers. Their efficiency estimated on the carbon black dispergation speed in the water sus-
pension in the beaded grinder.

The particles average size in the suspension decreases proportionally adsorbed polymer
concentration. Even more appreciable effect is reached from presence functional oxygen con-
taining groups on the carbon black surface, being water adsorption centers. Thereupon the
most effective carbon black surface modifier is the quinon, its « - interfaced structure forms
strong complexes not washed off by water with polyaren layers, and the quinonic groups in-
crease the carbon surface hydrophilicity.

It is revealed that dispergation of the modified p-quinon carbon black occurs in 2 times
faster, than with PVA that is caused by aspiration PVA conformation to the hydrophobic ball
formation. The revealed effect of the p-quinon modification is more preferable to the carbon
black suspension preparation technology on a place, than use of the high-molecular surfactant.

REFERENCE
1. Kornev Yu. V. et all.// J. Rubber Chemistry and Technology - 2006. — No 5. - P. 13-16.
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IIpu KOHTaKTE ¢ BOJIOH BOJOPACTBOPUMBIE MOJIMMEPHI, K KOTOPBIM OTHOCHTCS TIOJIMBH-
uunosslit ciupt (IIBC), o6pa3yrot 00béMHbIe renu. J{iist yBeaudeHust uX )ECTKOCTH Ha TpaK-
THKE B T'eJIM BBOJST HAIOJHHUTENN, KOTOPBIE CO3/AI0T BTOPYIO CTPYKTYpHYIO CETKY B Telie,
YTO MPUBOJIUT K JOHOJHUTEIFHOMY YIIPOUCHHIO CTPYKTYPHOU CETKH MOJMMEPHON MaTpHIIBL.
OT NPOYHOCTH CTPYKTYPHOH CETKM HAIOJIHHUTEIS U aJAre3UOHHOI COBMECTHMOCTH CETOK Ha-
MOJIHUTENISI U MATPHUIIBI 3aBUCAT MEXaHUYECKasl IIPOYHOCTh M JIOJITOBEYHOCTh KOMITO3HIHOH-
Horo nonumeproro marepuana (KIIM). B nanHoii paboTe NpoBeIeHO ONMUCAHUE IPOYHOCTH
JUCTIEPCHOM CHCTEMBI HaNOJHHUTENS B cMecH uHrpeanenToB KIIM, rae B kauecTBe HAONIHU-
TeJsl BBICTYNAeT JAWCICPCHBIA YIepoJ, OTIHYAIOIIMNACS MOBEPXHOCTHBIMU M OOBEMHBIMH
XapaKTepUCTHKaMH (YACNbHON MOBEPXHOCTHIO U aOCOPOLMOHHBIM 00BEMOM, 3aIOIHAEMBIM
mubyTuidranaroM (Ayse)- MOKazaTesleM CTPYKTYPHOCTH AUCIIEPCHOTO YIieposa.

IToka3zarenb CTPYKTYpHOCTH JUCIIEPCHOrO YyIyieposa Ajpe HCIBITYEMBIX 00pasLoB
BapeHpoBaics B auamasone 40 - 220 cw’/100r. Uem BhIme Ajpp, TeM 6OIee PasBETBICH B
MPOCTPAHCTBE MEPBUYHBIA arperat JUCHEPCHOro yriepoja, TeM CIOXHee ero Mopgoyorus.
Cwmecu KIIM rorosuim u3 BoaHbix pactBopos [IBC u cycneHsuit qucnepcHoro yriiepoja B
Boze. McmpITyemsle cpaBHHBaeMble cMecH conepxxamn 5% I1BC, 1 % H3;BO; u pasHyro 005b-
EMHYIO JIOJIIO AMCIIEPCHOTO yriaepoja. MccienqoBanue peoJornuecKux CBOMCTB MPUTOTOBIICH-
HBIX cMecell npoBoamy mpu 20°C ¢ NOMOLIBIO POTALMOHHOrO BHCKo3uMeTpa Peorect — 2.
[IpoYHOCTH CTPYKTYpHOH CETKH HANOJHUTENS B KOMIIO3UTE OLICHUBAJIN 1O Pa3HOCTU MPOU3-
BEJICHUH BA3KOCTH HANOJHEHHbIX U HEHAINOJIHEHHBIX CMecel Ha KBaJpar ycuiaus casura. Ha
MPSMOJIMHEHHBIX yYacTKax JTHHEHHBIX 3aBUCHMOCTEH MPHPOCTA CABUIOBOI MPOYHOCTH CET-
KU HAIOJHHUTEIISI B CMECH OT Pa3HOil 00bEMHOM TOJIM HANIONHUTENS YIII0BbIe KO OUIMESHTHI
(K, Jk'c/cM®)  OTpakaroT SHEPIHI0 KOHTAKTOB AHCAMOJIs YacTUIl HamonHuTems. Kak Gbuto
YCTaHOBJIEHO B JJaHHOM HCCIIEIOBaHHUH, KO3 duireHT K riiaBHBIM 00pa3oM CBS3aH C MOKa3a-
TeNeM CTPYKTYPHOCTH JUCIEPCHOTO Yriepoja U B 3HAYUTEIBHO MEHBIICH CTEHNEeHH - C ero
yIeIbHOH MOoBEepXHOCTHIO. Tak B U3yuyeHHOM Juana3oHe Agjgp 00pa3LOB JUCIEPCHOrO yrie-
poma K =28(Anpo) + 184 ¢ koadumentom anmpoxcumanuu 0,96. IlonyueHHOE ypaBHe-
HHE TT03BOJISIET TPOrHO3UPOBATh (P PEKTHBHOCTH HAHOTIIOOYIIIPHOTO AUCTICPCHOTO YIIIepoa,
KaK yCHJIMBaroIIero HarnonHurens ruaporeneit [IBC, no 3HaueHnsiM abcopOLMOHHOTO 00BeMa
€ro MepBUYHBIX arperaTos.

172



THE PARTICLES MORPHOLOGY ROLE OF THE NANOGLOBULAR CARBON
BLACK IN CONSOLIDATION OF POLYVINYL ALCOHOL HYDROGELS

0O.A. Kokhanovskaya, G.I. Razdiakonova
Institute of Hydrocarbons Processing SB RAS, Omsk
E-mail rgi@ihpp.oscsbras.ru

At the contact to water water-soluble polymers which polyvinyl alcohol (PVA) con-
cerns, form volume gels. For increase in their force in practice into gels enter fillers which
create the second structural grid in gel that leads to additional consolidation of a polymeric
matrix structural grid. The mechanical force and composite polymeric material (CPM) dura-
bility depend on the filler structural grid force and the adhesive compatibility of the grids of
the filler and matrix. In the given work the description of the filler disperse system force in
the components CPM where as carbon black represents itself as a filler, different by superfi-
cial and volume characteristics (a specific surface and the absorbing volume filled dibytilftalat)
- an carbon black structuring indicator.

The carbon black structuring indicator Apgr of the samples varied in a range 40 - 220
sm’/ 100g. The above Apgr, the carbon black aggregate is branched out, the more difficult its
morphology. CPM mixes prepared from PVA water solutions and the carbon black suspen-
sions in the water. Examined and compared mixtures contained 5 % PVA, 1 % H3;BOs and the
different volume fraction of the carbon black.

The rheological properties research of the prepared mixes was spent at 20°C by means
of the Reotest — 2 rotational viscosimetr. The force of the filler structural grid in a composite
estimated on a viscosity creation difference of the filled and unfilled mixes on a shift effort
square.

On the rectilinear sites of the linear dependences of the shift force gain of the filler grid
in a mix from a different volume portion of a filler the angular factors (K, J*s/sm’) reflect a
contacts energy of the filler particles ensemble. As it has been established in the given re-
search, the factor K is mainly connected with the carbon black structuring indicator and in
much smaller degree - with its specific surface. So in studied range Apgr of the carbon black
samples

K= 2,8 . (ADBF) + 184
with approximation factor equal to 0,96.

The received equation allows predicting the efficiency of the nanoglobular carbon black,
as strengthening filler of the PVA hydrogels, on values of the absorbing volume of its aggre-
gates.
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MU3MEHEHHME CTPOEHHA YACTHULl HAHOI'JIOBYJIAPHOI'O JUCIIEPCHOI'O
YIUIEPOJA B ITIPOIECCE UX T'A30®A3HOI'O OKHCJIEHUSA

E.A. Kucenesa, I'.1. Pa3apsikoHoBa
VYupeowcoenue Poccuiickoii akademuu nayk Mncmumym npobiem nepepabomku
yeneeo0opooos Cubupcrkoeo omoenenusi PAH, Poccus, 644040, 2. Omck, Hegpmesasoockas,
54,
E-mail rgi@ihpp.oscsbras.ru

Pa3BurtHe psna TEXHOJOTHH IO MOJYYEHHIO JUCIIEPCHOrO YIIepojaa C pasiIMYHbIMH
(DYHKLIIMOHANBHBIMHU CBOICTBaMH, 00YCIIOBJIEHO BO3POCLIMM B IOCIEAHHE TOJbl HHTEPECOM K
JIEKTPOIIPOBOIHBIM €r0 Pa3HOBHUAHOCTSIM, O0JIA/IAIOIIUMU CTPYKTYPHBIMH OCOOEHHOCTSIMH,
a UMEHHO, BBICOKOH Y/IENIbHOH MOBEPXHOCTBIO, YBEIMUYEHHOH CTPYKTYPHOCTBIO U OOBEMOM
[Op BHYTPH YaCTHUII. Y CTAaHOBJICHO, YTO aJCOPOLIUOHHAS CEIIEKTUBHOCTD PA3JIMYHBIX (DpaKLuii
MOJIMMEPOB TAKXKE ONPEEIeTCs] CTPYKTYPHBIMU OCOOCHHOCTSIMU  ajcopOenTta. Popmupys
CTPYKTYPY YACTHIl HAIIOJIHUTENS B IpOLEcce UX ra3o(azHOro OKUCICHHs, MOKHO Ipeaornpe-
JIEIATh €ro 3IEKTPOIPOBOJHOCTh U CBOMCTBA KOMIIO3HIIMOHHBIX MaTepHAIOB ¢ HUM. llensb
paboThl — BBISBUTH BIUSHHE CTPOCHMS YACTHIl HA N3MEHEHHS B IOPUCTOH CTPYKTYpE U DIIEK-
TPONPOBOJHOCTH TEXHUYECKOTO YIiIeposa

C nenbio MoJyueHust 00pa3IoB AUCTIEPCHOTO YIIepoJa ¢ pa3HON TEKCTYpOil, pasHbIMU
pa3MepaMy MUKpPO- ¥ CyNEpMHKpPOIIOP Ha €ro MOBEPXHOCTH VIS TIOCIEAYIOIIEro U3y4eHUs
U3MEHEHHs YAeIbHON IOBEPXHOCTH, pa3MepoB obiacteil korepentHoro paccesHus (OKP mmu
KPHUCTAUIUTOB) MeTooM PDA, a Taroke CTENEHM YIOpsJOUYCHHOCTH DJIEMEHTOB CTPYKTYPBI
D u G ¢a3 no paMaHOBCKMM CHEKTpaM 00pa3iOB, JIEKTPOCONPOTUBIICHUS MOPOILKA U COPO-
L1U Kay4dyKOB IIPOBEJECHO OKHCIIEHHE QUCIEpCHOro yriepona mapku I1 245 B pasuble npo-
MEXYTKU BpeMEHH Ha Bo3ayxe mpu 573 K ¢ mocnenyonmm TepMudeckuM BaKyyMHPOBaHHEM
mpu 1273 K.

IMoxa3aHo, 4To IpH OKUCIeHHHN nonuaucnepcHocts OKP yBenmmuuBaeTcs, H3MeHsAETCS B
CTOPOHY CHIDKEHHMSI MX Pa3MEpOB U BO3PACTAET PACCTOSHUE MEXKIY COCEAHHMH KPHCTAJLIU-
TamMu. Ha pamMaHOBCKHX CHEKTpax ¢ yBEJIHYEHHEM BPEMEHH OKHCJICHHUs o0pasla OTYETIMBO
HalOmoaeTcst cMerienne D 1onockl B 00/1acTh YIOPSIOYCHHBIX CTPYKTYp, YIIMPEHUE IUKa
D u cumxenue ero uHreHcuBHOCTU. [Ipu 3ToM P®DA dukcupyer kaxyieecss yBenudeHuHe
pa3mepos ocrasimxcsi OKP.

OO6Hapy»xeHa B3aUMOCBSI3b MEXKIY YAEJIBHBIM JIEKTPOCOIPOTHBIEHUEM Py (OM M) 110-
pOIIKa TEXHUYECKOTO yTIepoa H YACIbHON MOBEPXHOCTHI0 NSA (MZ/F) KBaJIpaTUIHOTO BHIA
pv=2-10% NSA ?-4,6 -10° NSA + 0,0024 (R”> = 0,87), 10Ka3bIBAOLIAS POCT MEKTPOCO-
MPOTHBIICHHUS TTOPOIIKA MPH OKKUCICHUH 00pa3ia TexHuueckoro yriepoaa. Ha cnekrpax KPC
NPH YBENNYSHUH POIODKUTEIBHOCTH OKHCIICHUsT 00pa3iia HalroaeTcs pocT JOJIH MUKPO-
KpUCTAIIIMYEeCKOi (a3bl Ha (OHE CHIKEHHs noyu Kpuctaiumueckod G dasel yriepopa B
qacTulaX. BelsiBIeHa JIMHEWHAast 3aBUCHMOCTD Py OT IIHPHHBI 0P, PaCCUUTaHHOM U3 ajcop0-
LMOHHBIX JJAHHBIX 110 ypaBHeHHIo JlyOununa-Panymkesuya.
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CHANGE OF THE NANOGLOBULAR CARBON BLACK SURFACE IN THE
COURSE OF THEIR GAS OXIDATIONS
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Institute of Hydrocarbons Processing SB RAS, Omsk
E-mail rgi@ihpp.oscsbras.ru

Development of some technologies on the carbon black reception with various func-
tional properties is caused by the interest which has increased in last years to its conducting
versions, possessing structural features, namely, the high specific surface increased structur-
ing and the pores volume in particles. It is established that the adsorbed selectivity of various
fractions polymers also is defined by adsorbent structural properties. Forming filler particles
structure in the course of them gas oxidations, it is possible to predetermine it electric conduc-
tivity and properties of composite materials with it. The work purpose to reveal particles
structure influence on changes in the porous structure and the electric conductivity carbon
black.

For the purpose of the carbon black samples reception with the different structure, mi-
cro- and supermicropores different sizes on its surface for the subsequent studying of the spe-
cific surface change, coherent dispersion areas sizes (ACD or crystallite) X-ray method, and
also structure elements orderliness degrees of D and G phases on samples Raman spectra, the
powder electric resistance and the rubbers adsorption spends carbon black oxidation of the
mark P 245 to the different time on the air at 573 K with the subsequent thermal pumping out
at 1273 K.

It is shown that at oxidation the ACD polydispersion increases changes towards de-
creasing in their sizes and the distance between the next crystallite increases. On Raman spec-
tra with increase in time of the sample oxidation the D strip displacement in the ordered struc-
tures area, the D peak expanding and its intensity decreasing is distinctly observed. Thus X-
ray analysis fixes the seeming increasing of the remained ACD sizes.

The interrelation between specific electrical resistance p, (Omem) of the carbon black
powder and the specific surface NSA (m%/g) a square-law kind

py=2-10" ‘NSA ?-4,6 -10° NSA +0,0024 (R>=0,87),

showing growth of the powder electrical resistance at the carbon black sample oxidation
is found out.

On CD spectra at the sample oxidation duration increasing the microcrystalline phase
share growth is observed against share decreasing of the carbon G crystal phase in particles.
The linear dependence p, from the pore width calculated from adsorbed dates on the Dubinin-
Radushkevich equation is revealed.
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BJIMSAAHUE TEKCTYPbI HIOBEPXHOCTHU JUCIIEPCHOI'O YIJIEPOJA HA
COPBIIMIO MAKPOMOJIEKYJI 9JIACTOMEPOB

E.A.Kucenesa, I'.I1. Pa3apsikoHOBa
VYupeoicoenue Poccuiickoii akademuu Hayk Mncmumym npobiem nepepabomku
yeneeo0opooos Cubupckozo omoenenus PAH, 644040, o. Omck, Hegpmesasoockas, 54
E-mail rgi@ihpp.oscsbras.ru

B Hammx paHHUX MCCIEIOBAHUAX PacCUUTaHHBIE U3 U30TepM JlyOununa-Panymkesuua
pa3Mepsl Op TUCIEePCHOTO YIiepo/a, y4acTBYIOIIHE B aJCOPOILIMU 3JIaCTOMEPOB, COCTABUIIU
2-3 HM, 4TO XapaKTEPHO IS TI0p MEX Ly TII00YJISIpHBIMU YacTHaMu[ 1], HO He cornacyercs ¢
BBIYUCIIEHHAMH KPUTHUECKUX pa3mepoB mop[2]. Llenbto naHHON paGoTHI SABISETCA 3KCIEPU-
MEHTaJIbHAsl OIEHKa KPUTHYECKOTO pa3Mepa MOp Ha MOBEPXHOCTH INIOOYJISPHBIX YacCTHIL
JIMCIIEPCHOTO YIJIepoAa JUIsl acOpOLMH BEICOKOMOJICKYJISIPHBIX (DpakUui psijja KayuyKoB.

B nanHoii paboTe U3yueHO BIMSHME pa3Mepa IOp Ha MOBEPXHOCTH JUCIEPCHOTO yrile-
pozia Ha COPOLIMOHHYIO aKTHBHOCTh H30NPEHOBOTO W METHUJICTUPOJIBHOTO KaydyKoB. Beico-
KOaKTUBHBINA yriepon TexHudeckuid I1 245 umeer cpenHeapupmMeTHueckuii fuamMmeTp rioly-
JPHBIX YACTHI[ 25 HM, yAeibHYo moBepxHocTh (NSA) 130 m? /r. [IOBEpXHOCTb YaCTHIIBI
nucniepcHoro yriepona I1 245 cocraBneHa n3 M30THYTHIX T'PadEHOBBIX CIEB MPOTSKEHHO-
CTBIO B CpefiHEM 1, 6 HM, KOTOpbIE HaXOATCSl Ha PACCTOSIHUM IpPYT OT japyra nopsaka 0,3-0,6
HM. B oxucnenssix Bo3ayxom npu 573K ero obpasnax no 10 % obrapa npeHMyIIeCTBEHHO
BO3pacTaa MOBEPXHOCTb MHUKpONop, oT 10 1o 68% obrapa - HOBEPXHOCTb CyNEPMUKPOIIOP.

IIpy BbIrOpaHMM HEOPraHW30BAHHOW 4YAcTH YIJIEPOJHOIO MaTepHana MOJYHIUpUHA
op Ha MOBEPXHOCTH MeHsIach oT 0,8 HM 10 1,36 HM.

W3y4anu nuHamMuKy ajncopOLMU 371acTOMEPOB (M30NPEHOBOTO M METHJICTUPOIBHOKO
Kay4yKOB) U3 TOJYOJIbHBIX PAaCTBOPOB HX IOJMMOJIEKYJISIPHBIX CMeceil 1 3HaueHus Xapakre-
PHUCTHUYECKHX BA3KOCTEH MOJMMEPOB B PAaBHOBECHBIX pacTBOpax mocie aacopommu. OOHapy-
XKEHO, YTO yIrJIepoHasi IOBEPXHOCTb ¢ Mopamu wupuHoit 0,9 um Ha 20% OGonee ancopOuu-
OHHOAKTHBHAs 10 OTHOILEHHIO K 3JJaCTOMEPAM, 4TO, MO-BUAUMOMY, CBS3aHO C HAYaJIOM Ipo-
HUKHOBEHHUSI MAaKPOMOJIEKYN B TIOPHCTOE TMPOCTPAHCTBO MEXKIY CIOSIMU B YAaCTHIE JTHCIEpPC-
Horo yriepoza. C pocToM HIMPHUHBI ITOP Ha MOBEPXHOCTH TEXHUYECKOro yriepona Ooxuee 1,3
HM aJcopOLusi BEICOKOMOJIEKYJISIPHBIX (ppakiuil 31acTOMEpOB CTAHOBUTCS MPEIIIOUTUTEIb-
HOH.
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INFLUENCE OF THE CARBON BLACK SURFACE STRUCTURE ON THE
ELASTOMERS MACROMOLECULES ADSORPTION

E.A. Kiseleva, G.I. Razdiakonova
Institute of Hydrocarbons Processing SB RAS, Omsk
E-mail rgi@ihpp.oscsbras.ru

In our early researches calculated of Dubinin-Radushkevich isotherms pores sizes of the
carbon black, participating in the elastomers adsorption, have made 2-3 nm that is characteris-
tic for pores between globular particles [1], but won't be coordinated with calculations of
pores critical sizes [2]. The purpose of the given work is the experimental estimation of the
pores critical size on a globular particles surface of the carbon black for the high-molecular
fractions adsorption of some rubbers.

In the given work the pores size influence on the carbon black surface on the isoprene
and metilstyrene rubbers adsorbed activity is studied. Highly active carbon black P 245 has
arithmetic-mean diameter of globular particles of 25 nm, a specific surface (NSA) 130 m¥/g.
The carbon black P 245 particle surface is made from bent graphen layers in the extent on the
average 1,6 nm which settle down on distance of 0,3-0,6 nm. In oxidized samples by air at
573K to 10 % burning the micropores surface mainly increased, from 10 to 68 % burning the
supermicropores surface increased.

At burning out of the carbon material unorganized part the semiwidth pores on the sur-
face changed from 0,8 nm to 1,36 nm.

We studied the elastomers adsorption dynamics (isoprene and metilstyrene rubbers)
from toluene solutions of their polymolecular mixes and the polymers characteristic viscosity
value in equilibrium solutions after adsorption.

It is revealed that a carbon surface with width pores of 0,9 nm on 20 % is more ad-
sorbed activated in relation to elastomers that, apparently, is connected with the beginning of
the macromolecules penetration in the porous space between layers in the carbon black par-
ticle. The high-molecular fractions adsorption of elastomers becomes preferable at growth of
the pores width on the carbon black surface more than 1,3 nm.

REFERENCES
[1] Razdiakonov Yu.V., Zhovner N.A., Razdiakonova G.I // Polymer Science, 2004, Series B,
Ne 1.P.116-119
[2] Starlings A.M, Gorbunof A.A, Zhulina E.B., Birshtein T. M. // Polymer Science, 1978,
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OLEHKA TOJIIIUHbI AICOPBIIMOHHBIX CJIOEB KAYYYKA HA
T'uaPO®UJIBHONU U TUAPO®OBHOU NIOBEPXHOCTHU JUCITIEPCHOI'O
YIVIEPOJIA B PE3UHE
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IMonyyenue nudopmanuu 0 cTpoeHUH MEK(BA3HBIX CIOEB KaydyKOB Ha YacTHLAX JUC-
HEePCHOrO YIJIepo/a, UX MOJEKYJSIPHOM COCTaBe M MPOTSHKEHHOCTH, KaK MEpbl «IalIbHOJCH-
CTBHSD» IOBEPXHOCTH, B LICIIOM, SABIIICTCS aKTyalbHOU Hay4YHOMH 3amadei, Tak KaKk OTHOCHTCS K
OOBSICHEHUIO SIBJICHUSI YCUJICHUS KaydyKa JHUCIIEPCHBIMHM YaCTHULIAMHU, U OTBEYACT PEIICHUIO
3a7aud  PAlMOHAIBHOTO  MCIOJb30BAaHMUS ~ MATepUAIbHBIX  PECYpcoOB B XHMHKO-
TEXHOJIOTHYEecKoM Iporiecce. [1o COBpeMEHHBIM IpeCTaBICHUAM Mex(das3HbIH CIIOH B pe3u-
HOBOH CMECH COCTOUT M3 «CTEKIOBHAHOI» (ha3bl, TOJIMHA KOTOPOTO ONpPEAENSEeTCS KOH-
(opmarmeri MakpoMolieKys1 ajcopOaToB U UX MOJEKYJISIPHOW Maccoil, ¥ IPOMEKYTOYHOM
MEXIY «CTEKJIOBHIHBIM» U MATPUYHBIM MOJIUMEPOM, TaK HA3bIBAEMOH «Bs3KOW» (a3sbl, co-
OTHOILLIEHHE MKy KOTOPBIMU H3y4eHO c1abo.

B nanHoii paboTe ¢ Lenblo BBIBICHUS BIMSHUS TUIPOMHILHOCTH TEXHUYECKOTO yTile-
pozia Ha TOJNIIMHY «CTEKJIOBHAHOTO» CJIOS B Pe3MHE U3MEHSUIN (pyHKIIMOHAJIBHBIH COCTaB MO-
BEPXHOCTH IIyT€M OKMCIECHHs TeXHHYECKOro yriieposia HepeKHChIo BOAOPOAA B Pa3HbIX yC-
noBusX. Mcnonb3yst 3Hauenus ruapoduiabHelx 3¢ dexroB[1] kapOOKCHIbHBIX, XMHOHHBIX U
(hEHOJIBHBIX TPYIIT PACCYUTHIBAIN OTHOCHTEIBHYIO THAPOQHIEHOCTh 00pa3IoB MO OTHOIIE-
Huto k K 354.

TonuuHy azcopOUPOBAHHOIO CJI0sI OLIEHUBAIM 0 PA3HOCTH CPEIAHEAPUPMETHUECKUX
JIHaMETPOB YAaCTHI[ CO «CTEKJIOBUIHBIMY CJIOeM Kaydyka u3 naHHbIXx ACM B pe3uHe W JaH-
HeIX [IOM wyacTuIil mopourka TeXHUYECKOTO yriepoja. Y CTaHOBJIEHO, YTO NPH yBETUYECHUH
KOHIIEHTPAIMU OKUCIHTENS 00lIee COlepKaHuEe IIPOTOHOTEHHBIX TIPYII TEXHUYECKOTO yI-
JIepo/ia BO3pacTaeT, a ux o0mas ruapoduiibHOCTh CHIKAaeTcs. beiio 0OHapyKEeHO, YTO HAIH-
Yype KUCIOPO/a B TEXHHYECKOM YIJIEpOe NPUBOIMT K 3aTPYAHEHHOH qU(py3Un BBICOKOMO-
JIEKYJIAPHBIX (DpaKIHil H30IPEHOBOr0 KaydyKa K €ro MOBEPXHOCTH, B PE3yIbTaTe 3TOTO TOJI-
LIMHA «CTEKI000pa3HOro» ClIosl KayuyyKa B pe3WHE CHW)KAIACh C YBEJIMYCHHEM OOIIed THn-
POGUIBHOCTH TTOBEPXHOCTH HANOMHUTENS. [1OCKONBKY HalM4YMe «CTEKJIOOOpa3HOro» CIost
KaydyKa HA 4acTHIAX HAIOJIHHUTENSA yBCIMYHBACT OOBEMHYIO JOIIO HANOIHUTEIS B PE3UHE,
peryiupoBaHie THIPOGHIBHOCTH MOBEPXHOCTH YACTHIl HANOJIHMUTENS PE3HH SBISETCS IO-
JIE3HBIM JJI PAlIMOHAILHOTO MCIIOIb30BAHUS B HUX JIOPOTOCTOSIIETO KaydyKa.
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THE THICKNESS ESTIMATION OF THE RUBBER ADSORBED LAYERS
ON THE HYDROPHILIC AND THE HYDROPHOBIC SURFACE OF THE CARBON
BLACK IN THE RUBBER

E.A. Kiseleva, G.I. Razdiakonova, T.Yu. Tsibulko
Institute of Hydrocarbons Processing SB RAS, Omsk
E-mail rgi@ihpp.oscsbras.ru

The information reception on a rubbers interphase layers structure on carbon black par-
ticles, their molecular structure and the extent as surface "long-range action" measures, as a
whole, is an actual scientific problem because concerns an phenomenon explanation of the
disperse particles rubber strengthening, and answers the rational use problem decision of the
material resources in the chemistry-technological process. On modern representations the in-
terphase layer in a rubber mix consists from the «glass» phase which thickness is defined the
adsorbates macromolecules conformation of and their molecular weight, and intermediate be-
tween «glass» and matrix polymer, a so-called "viscous" phase, relation between which is
studied poorly.

In the given work for the purpose of carbon black hydrophilicity influence revealing for
the «glass» layer thickness in the rubber changed surface functional structure by the carbon
black oxidation by the hydrogen peroxide in different conditions. Using hydrophilic effects
values [1] of carboxyl, quinonic and phenolic groups counted samples relative hydrophilicity
in relation to K 354.

The adsorbed layer thickness estimated from a particle arithmetic-mean diameter differ-
ence with the rubber «glass» layer from AFM data in the rubber and AEM data of the carbon
black powder particles. It is established that at oxidizer concentration increase the general
maintenance of carbon black functional groups increases, and their general hydrophilicity de-
creases.

It was revealed that oxygen presence in the carbon black leads to the complicated diffu-
sion of isoprene rubber high-molecular fractions to its surface, as a result the rubber «glass»
layer thickness in the rubber decreased with increase in the general hydrophilicity of the filler
surfaces. As presence of the rubber «glass» layer on filler particles increases the filler volume
fraction in the rubber, the surfaces hydrophilicity regulation of rubbers filler particles is useful
to the rational using in them of the expensive rubber.

REFERENCES

1. Moriguctii J. [et all] Van der Waals volume and the related parameters for hy-dropholicity in struc-
ture- activity studies’ Chem. Pharm. Bull. -1976.-V.24.-Ne8.-P. 1799

179



O B3AUMOCBA3U THIPOPUIBHOCTHU JUCIIEPCHOI'O YIJIEPOJA U
MOBEPXHOCTHOM SHEPT'YH PE3VUH C HUM

Pasnpsixonosa I'.U., *Crpmxkak E.A., Llubynsko T.10., Kucenéra E.A.
Yupeowcoenue Poccutickotl akademuu Hayk Hncmumym npodiem nepepabomru
yene6o0opooos Cubupckozo omoenenus PAH, 644040, o. Omck, Hegpmesasoockas, 54
*@uauan I'ocydapcmeenno2o 06paz08amenbHO20 YUpetcOeHUsl 8blCULe20 NPOheccuo-
HanbHO20 06pazosanus "Pocculicko2o 3a04H020 UHCMUMYMAa MeKCMUIbHOU U J1e2KOU Npo-
motunennocmu” 6 2. Omcke, . Omck, Ilywkuna, 63
E-mail rgi@ihpp.oscsbras.ru

Jlist crenieHust MpOTEeKTOpa BBICOKOCKOPOCTHBIX IMHH C MOKPBIM M CYXHM IOJIOTHOM
JIOPOXKHOTO TOKPBHITHS M TE€M CaMbIM COKpAILEHUsS TOPMO3HOTO IIyTH aBTOMOOWJISL JKeja-
TEJILHO UCIOJIB30BAaHUE B IPOTEKTOPHON PE3MHE IIMH HANOJIHUTENECH, Pa3HbIX 110 (PHIBHOCTH.
Hamonuurens ¢ rugpooOHOil MOBEPXHOCTBIO YBEIHYHUT THCIEPCHOHHYIO COCTABISIOLIYIO
CcBOOOIHOM MMOBEPXHOCTHO SHEPTUH PE3UHBI , a ¢ TUAPOGMIbHON — ossipHyto. Llens uccre-
JIOBaHUs COCTOSIA B OLICHKE BIMSHUS TEXHUUECKOTO YIJIEpO/a Ha MOJIHYIO CBOOOIHYIO SHEp-
THIO s pe3uH. OOBEKTHI HCCIICOBAHNS - CTAaHJAPTHBIC PE3NMHBI HA OCHOBE HATYPAJIBHOTO Kay-
YyyKa, HallOJHEHHbIE TEXHUYECKUM yriiepooM N121 ¢ pa3HOii CTeNeHbIO ero OKUCIEHHOCTH.

3Ha4YeHHs Ys PACCUYMTBHIBAIN U3 YIJIOB CMauyMBaHUs MOBEPXHOCTH BYJIKAHU3aTOB Karlls-
MH JKHIKOCTEH (MeTomoM «iexaueit» kamm) [1]. OTHOCUTENbHY IO THAPOGHIBHOCTE KUCIIO-
poJcoep KaIiuX TPYIN PacCUUTHIBAIM C Y4ETOM MX TPYTNIOBBIX BKIAIO0B [2], a B KauecTBe
9TaJOHa CPAaBHEHHS NPUHSIN THAPOQIILHOCTE IPYII KaHAIBHOTO TeXHHYecKoro yriepoaa K
354, xak HanOOJNBLIYIO U3 UCIIBITYEMOTO PsiJia OKUCICHHBIX 00pa3IoB TEXHUYECKOTO yIriiepo-
Ja.

BeisBiieHo, uTo npeobianaromeil Bo Bcex o0Opaslax pe3uH SBISETCs JUCIEePCHOHHAs
KOMIIOHEHTA s, YTO 00YCIOBJICHO THAPOGOOHBIM XapaKTepOM MOJIEKYJ Kaydyka ¥ OOJbIIei
YaCTH MOBEPXHOCTH TEXHUYECKOTO yIIepoa.

3aBUCUMOCTb Ys PE3HHBI OT CBOOOIHOM SHEPrUu TeXHUUEeCKoro yriepoza vs (TY) B eé
coctaBe uMeeT TuHeHHbIN BUI Vs = 0,14 v (TY) + 31 u neMOHCTpUpPYET CHIBHYIO 3aBHCH-
MOCTb OT Vs HaIOJHUTEJNS, KOTOPOE MO Pa3HbIM HUCTOYHHKaM cocTasiser oT 70 mo 110
M)1>1</M2.

OpnHako, KaK BBIABICHO B JaHHOW padoTe, MeXIy MOBEPXHOCTHOW SHEpPTrUeil pe3uH U
JIpyTUMHU CBOICTBaMM €€ HANOJHUTENEH U KaydyKa — JIOBOJBHO CI0)KHAs B3aUMOCBSI3b, MO-
CKOJIBKY C OZIHOW CTOPOHBI Ys BO3PAcTacT C YBEIMUCHHEM T'MAPO(MILHOCTH HAIIOJHHUTEIS 32
CYeT POCTa MOJSPHON COCTABIISIONICH, € APYTOW — CHIDKAETCS W3-32 HU3KOTO MIOBEPXHOCTHO-
ro HaTSDKEHHs He aJICOPOMPOBAHHOIO HU3KOMOJIEKYJSIPHOIO KaydyKa U3 €ro MOJMAMCIIepC-
HOM CMECH.
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ABOUT INTERELLATION OF THE CARBON BLACK HYDROPHILICITY AND
THE SURFACE ENERGY OF RUBBERS WITH IT
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*Branch the State educational institution of the highest vocational training "the Rus-
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For cohesion of the high-speed tires protector with the wet and dry road and by that re-
duction of a car brake way is necessary to use different philicity fillers in tires rubber protec-
tor. The hydrophobic surface filler will increase a dispersive component of the free surface
energy of the rubber, and with hydrophilic surface filler — polar component. The research ob-
jective consisted in an estimation of a carbon black influence on the full free energy y; of rub-
bers. Research objects - standard rubbers on the basis of the natural rubber, filled carbon
black N121 with its different oxidation degree.

Values ys counted from cured stocks surface wetting angles of liquids drops (a "recum-
bent" drop method) [1]. The relative hydrophilicity of oxygen-containing groups counted with
the account of their group holding [2], and as the comparison standard has taken groups hy-
drophilicity of the channel carbon black K 354, as greatest from the research row of oxidized
samples of carbon black.

It is revealed that prevailing in all rubbers samples is a dispersion component Yy that is
caused by hydrophobic character of rubber molecules and biggest parts of the carbon black
surface.

The rubber y, dependence from a free energy of the carbon black ys (CB) in its composi-
tion has the linear appearance ys= 0,14 - y; (CB) + 31 and shows the strong dependence from
v, filler, which on different sources makes from 70 to 110 mJ/m®.

However, as it is revealed in the given work, between a rubbers surface energy and oth-
er properties of fillers and a rubber — difficult enough interrelation because on the one hand v,
increases with the filler hydrophilicity increasing because of the polar component growth,
with another — decreases because of a low surface tension of the not adsorbed low-molecular
rubber from its polydispersed mix.
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1. Van Krevelen D.V. Properties and a chemical structure of polymers - M: Chemistry, 1976.
—416 p.
2. Moriguctii J. [et all] Van der Waals volume and the related parametres for hydrophilicity in structure- activity
studies / Chem. Pharm. Bull.-1976. - V.24. - Ne 8. - P. 1799-1806.

181



BJIMAHUE COCTOAHUS NOBEPXHOCTU MOJU®ULIUPOBAHHBIX
OKHUCJIMTEJISAMHA AKTUBHBIX YI'VIEU HA AJICOPBIIUIO
A30TCOJIEP)KAIIIMX OPTAHUUYECKUX COEJJUHEHU

O.B. bensera, T.A. KpacaoBa
Kemeposckuii mexnonozuueckuii UHCIMUmMym nuuyesotl NPoMblUIeHHOCMU
650056, 2. Kemeposo, 6-p Cmpoumeneii, 47
E-mail: ecologl528@yandex.ru

Cpeny METO/I0B OYHCTKHM MaJIOKOHIIEHTPHPOBAHHBIX CTOYHBIX BOJ, COJAEPIKAIIUX Opra-
HHUYCCKUEC COCOUHCHU, Hau60nee NEPCIICKTUBHBIMU SABJISIIOTCA C0p6]_ll/lOHHble, ITO3BOJIAIOIIHNEC
TAKKe M3BJICYb LIEHHBIC KOMIOHEHTHI, COJEpKAIIUecsl B CToKax. [Ipy 3TOM akTHBHBIC YIIIH
(AY) 10 cux mop OCTAITCS YHUBEPCATBHBIM aCcOPOCHTOM.

Jiist moBbIILIeHNsT COPOLIMOHHOM EMKOCTH AY 10 OTHOLICHHUIO K a30TCOJCPIKAIUM Op-
FaHUYECKUM COCIMHEHUSIM MOXKHO HCIIOJNB30BaTh OKHCIUTEIBHOE MOAU(UIMPOBAHUE MO-
BepxHocTH. [Ipu OKHCIEHHH YrIepoIHON MOBEPXHOCTH MapajuleIbHO MOTYT NPOTEKATh MPo-
LIECCHI pa3pyLICHHs OPraHMYEeCKO MacChl YIiisl B 00pa30BaHUs HOBEPXHOCTHBIX COCIMHEHHH
kuciopoaa. Mcnonp3oBanue B KauecTBe MOTU(UKATOpA COSTMHEHUH KHCIOpona 00iajaeT
PSZIOM NIPEHMYIIECTB: NPOLECC OKUCIEHHS JOCTATOYHO JIETKO KOHTposMpyercs, 2 hekTuBeH
U OTJIMYAETCS OTCYTCTBHEM TOKCHYHBIX OOOYHBIX MPOIYKTOB.

Ha npumepe aHmivHA ¥ NUPHAMHA ObUIO W3YYEHO BIIMSHHE COCTOSHHS HOBEPXHOCTU
aKTHBHBIX YIJIel Ha aJcopOIMI0 a30TCOAEPIKALIMX COCIMHEHUN M3 BOAHBIX pacTBOpoB. Ha-
JIMYHE aTOMa a30Ta ¢ HEeMOAENEHHOH Mapoi 31IeKTPOHOB 00yClIaBIMBAET CXOICTBO aJICOPOIH-
OHHOTO TTOBE/ICHHUS UCCIIEAYEMbIX BEIIECTB. DTO MPOSIBISIETCS B BO3MOXKHOCTH 00pa30BaHHUs C
KHCIIOPOACOepKAIMMH ToBepXHOCTHBIMU Tpynmnamu (K®I') kuciaorHoro tuma AY Bojo-
POZHOI! CBSA3M PAa3IMUHOI CHIIBI BILIOTH 10 IOJHOTO IEpexosa HOHA BOAOPOIA MOJIEKYJIe ajl-
copbaTa 1 HOHU3ALMHU CBSI3H.

B xauectBe ancopOeHTa MCIONB30BajICs MpoMbInUieHHBIH AY Mmapku AI'-OB-1 u ero
MoAU(HUIMPOBaHHBIE 00pa3ibl. MOIHUDUIUPYIONMMH areHTaMHt SIBJSUIMCH KUCIIOPOJ BO3/IyXa
NPH TOBBIIIEHHOHN TeMIlepartype, MepoKCH Bogopoaa 1 030H. s MoauduipoBanus ObUiH
Bbl6paHbl YCJIOBHS, IIPU KOTOPBIX MPOLECC HAKOIUICHUS MMOBEPXHOCTHBIX T'PYIIT KHCJIOpOAa
npeo0aiasl HaJ| MPOLECCOM JIECTPYKIMU aJcopOeHTa. M3MeHeHne COCTOSHHS OBEPXHOCTH
MOAN(HUIMPOBAHHBIX 00PA3IIOB OTCIEKUBAIOCH MO JaHHBIM DJIEMEHTHOTO aHAlM3a U MOTEH-
[HOMETPUYECKOr0 TUTPOBAHMS 110 Bémy.

HccenenoBanus aacopOLUuy MpOBOJUINCH B CTATHYECKUX YCIOBHsX. PaBHOBECHast KOH-
LEHTPALHS BELIECTB ONPeeNsiiIach METOJIOM CIEKTPO(GOTOMEPHH. AHAIN3 TTOMYUYSHHBIX H30-
TepM aJICOPOLMU MTPOBOMIICS € MOMOILBIO TEOPUU OOBEMHOIO 3aIOIHEHUs MOp 110 ypaBHe-
Huro Jlyounnna — Pagymkesuda.

VYBennueHue CoiepKaHus Ha MOBEPXHOCTH aJCOPOSHTAa COEIMHEHHH KHCIOpoJa Kak
KHCJIOTHOTO THIIA, TAK U TPYII, OTHOCUMBIX K "HEAKTHBHBIM", PHUBOJHUT K PE3KOMY POCTY
a/IcopOLU MUPHINHA.

Poct npezenbHO# afcopOIMy aHWIMHA B OOJIBILICH CTETIEHH 3aBUCHT OT (DYHKIIMOHAIb-
HOT'0 COCTaBa MOBEPXHOCTHBIX KHUCIOPOAHBIX TPYIIT ¥ COOTHOLICHUS KOJMYECTBA "aKTHBHO-
ro" u "HeakTUBHOro" KHciIopona. bombpmioe conepkaHue MOBEPXHOCTHBIX IPYMI KHCIOPOa
CHI)KAET €ro MpeiesIbHYI0 aAcopOLuIo (B nepecuyére Ha CyMMAapHyIO IUIOLIA/b OBEPXHOCTH
ajicopOeHTa), YT0 MOXKET ObITh CBSI3aHO C YBEIMUYEHUEM aJcOPOLIUH PACTBOPUTENS (BOBL).
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EFFECT OF THE SURFACE CONDITION OF THE ACTIVATED CARBONS
MODIFIED BY OXIDIZERS ON ADSORPTION ORGANIC COMPOUNDS
CONTAINING NITROGEN

0.V. Belyaeva, T.A. Krasnova
Kemerovo Technological Institute of Food Industry650056, Kemerovo, b. Stroiteley, 47
E-mail: ecologl528@yandex.ru

Among numerous cleaning methods of little concentrated waste water, containing or-
ganic compounds, adsorption methods are the most perspective, which can also extract the
valuable components containing in wastes. Thus activated carbons (AC) are an universal ad-
sorbent till now.

For increasing of adsorption capacity AC in relation to the organic compounds contain-
ing nitrogen the oxidative modification of the surface can be used. In the oxidation of a car-
bon surface processes of destruction of organic weight of carbon and formation of superficial
connections of oxygen can proceed in parallel. The use of oxygen compounds as a modifier
has a number of advantages: the process of oxidation is enough easily controlled, effective
and differs by the absence of toxic by-products.

On an aniline and pyridine example the influence of a surface condition of activated
carbons on adsorption connections containing nitrogen from water solutions has been studied.
The presence of the nitrogen atom with the undivided pair of electrons determines the similar-
ity of the adsorption behavior of the investigated substances. It is due to the formation possi-
bility with superficial groups (OSG) containing oxygen of acid type AC of hydrogen bonding
of different force up to full transfer of a hydrogen ion to an adsorbate molecule and ionization
of connection.

As an adsorbent industrial AC of AG-OV-1 grade and its modified samples were used.
Modifying agents were air oxygen at the raised temperature, a hydrogen peroxide and ozone.
For modifying the conditions at which process of superficial groups accumulation of oxygen
prevailed over destruction process of an adsorbent were chosen. The changing of the surface
condition of the modified samples was defined according to the date of elementary analysis
and Boehm's potentiometric titration.

The researches of adsorption were carried out in statical conditions. Equilibrium con-
centration of substances was defined by a spectrometry method. The analysis of the received
isotherms was carried out by means of the theory of volumetric filling of pores on Dubinin-
Radushkevich's equation.

The increase of the content on the surface of the adsorbent of oxygen compounds both
acid type groups and the groups, referred to "inactive", leads to a sharp growth of pyridine
adsorption.

The growth of aniline limiting adsorption in the greater degree depends on functional
composition of superficial oxygen groups and the ratio of the number of "active" and "inac-
tive" oxygen. The large content of superficial groups of oxygen reduces its maximum adsorp-
tion (in terms on the total surface area of the adsorbent) that it may be associated with an in-
creasing in adsorption of solvent (water).
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HU3YYEHUE BO3MOXHOCTH NOJYYEHUA YIJIEPOJHBIX
MOJIEKYJIAPHBIX CUT U3 AHTPAHUTOB I'OPJIOBCKOI'O
MECTOPOXJIEHUA U UCCJIEJOBAHUE UX CBOKMCTB IO JAHHBIM
r'A30BOM XPOMATOTIPA®UU U TEPMOJECOPEOMETPUA

A.B. Bepseno, B.I1. bepseHo
Hucemumym yenexumuu u xumuueckoeo mamepuanosedenus CO PAH, 2. Kemepogo, P®
Hucmumym xumuu meépooeco mena u mexanoxumuu CO PAH, 2. Hosocubupck, P®
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VriepoaHble MUKPONIOPUCTEIC MoeKysipHbIe cuta (YMC) HCIonb3yroTes ULt aHaInu3a
u BoiieneHus razoB (O, N, u3 Bozayxa; Hy, CO u3 cuHTe3-ra3a, KOHIEHTPHPOBAHUS METAHA).
Taroke YMC npuMeHsieTcst 4711 CO3[aHusl HOHHCTOPOB, CYIEPKOHICHCATOPOB U TOILTHBHBIX
3IIEMEHTaX, a TAKKe B aKKyMYJITOpax pasnuyHoro tuna. B Poccun npoussogcrsa YMC Het.
B UXTTM CO PAH Benércs pazpaborka metoauku nonydenus YMC u3 yrueit Kys6acca, B
YaCTHOCTH M3 aHTPALUTOB U )KUPHBIX yrieil. laHHbIe MaTepUaibl XapaKTepU3yIOTCs yIopsi-
JIOYCHHOH MOJEKYJIIPHOI CTPYKTYpOil M TEKCTYpOH, apeHbl B HUX PAacIIOJIOKEHEI B BUJIC ac-
COIIMATOB, B KOTOPBIX CIPYNIUPOBAHBI O 3-5 U 5-7 MaKpOMOJIEKyJI, JUTMHA TAKHX apeHOB CO-
craBisieT oT 1 10 3 HM.

Lenv pabomur: Jlns onpenenenus ycnosuii nonyyenus YMC n3 KaMEHHOTO YIiisl H3Y-
YUTh TEKCTYPY, COPOLIMOHHO-KMHETHYECKHE CBOMCTBA, PACIpEeelIeHHe MUKPOIIOp 10 pa3Me-
pawm, miom@ags nosepxuoctu YMC.

Ob6vexm uccredosanus: odpasusl copbeHToB U3 yriei Kysnenkoro 6acceiina.

Memoouka pabomei:
CocraB QyHKIMOHATEHEIX rpymi u3ydanu no UK-cnexkrpam. TekCTypy M 2JIEMEHTHEIH COCTaB
COpOEHTOB MCCIIEIOBAIU C MOMOIIBIO IEKTPOHHOTO CKaHMPYIOIIEr0 MUKPOCKOIA M SHEPro-
JIUCIIEPCHOHHOrO crekTpomerpa. [list u3yyeHHs: MOPUCTOCTH UCIHOJIB30BAIM COPOLUIO B COP-
OeHTBI OEH3011a, BOJBI, METAaHOIA. AHAIM3 PacIpenelIeHHs II0p 0 pa3MepaM U IUIOMa H Io-
BEPXHOCTH HPOBOAMIIH IO JAHHBIM TEPMOJECOPOOMETPUH a30Ta U YIJIEKUCIIOTO rasa.

Pesyromamut pabomut:
W3y4eHbl COpOIMOHHO-KHHETHYECKUE CBOHCTBAa COPOCHTOB, NOJNYYCHHEIX aKTHBAIHUeEil aH-
TpamyTa. YCTaHOBJIEHO, YTO COPOIMOHHAsT EMKOCTh aJICOPOCHTOB YBEINYMBACTCS IO oOrapa
36,6%. Ilpu obrape okono 10-15% nomyueno YMC ¢ 1OBOJBHO Y3KHM pacHpeeneHueM
MuKpornop 1o pazmepam (0,65 u 0,8 HM): cyMMapHasi IOBEPXHOCTb IOJTyYEHHOrO aJIcOpOeHTa
o copOiuu Bogopoaa - SBer=408.4 M2/F, MMOBEPXHOCTh ME30MO0pP Spe=52,3 Mz/l“, 00BbEM MHUK-
porop Vu=0,154 em*/r (o metoxy BAT).
ITo naHHBIM ra30BOil XpoMaTorpaduu ONpeneNeHbl yIepKUBacMble 00bEMBL U K03 GUIHEHT
paszeneHus ra3oB. Haubompiie yaepxkuBaeMbie 00bEMBI XapaKTepHbI 00pa3nam ¢ o0rapom
or 5,6 10 7 %. Hausbicumii kod(GUIMEHT pa3jereHust BOAOPOJa U MOHOOKCHIA Yriepoja
(Kp=22-30) nocturnyt B obpasuax ¢ obrapom okono 10-12 % u pa3mepom ¢pakuuu 0,1-0,3
MM.
Tabnuua 1. JlJaHHBIC TepPMOAeCOPOOMETPHUH MOJIYYCHHBIX COPOCHTOB IO YITIEKHCIOMY rasy.

CreneHb Se IO Vi IO Vi IO Pazmep
obrapa% SBET,Mz/F T-kpuBoii, M2/T TO3M,ma/r TO3M,CM3/F op, HM
6,5 122 182 44 0,066 1,2
8,6 185 268.4 55 0,083 1,15
13,3 193 241 73 0,074 1,4

Takum 00pa3oM, HOJNy4eHbI 00paslbl yJIbTPAMHKPOIOPUCTBIX COPOCHTOB, KOTOpBIC
TpeOYIOT UCCIICIOBAHNUS B PEXKUME KOPOTKOLMKIIOBOI Oe3HATPEBHOM a7cOpOIIUT.
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FEASIBILITY STUDY OF PRODUCTION OF CARBON MOLECULAR
SIEVES FROM ANTHRACITES OF GORLOVSKOYE FIELD AND THEIR
PROPERTIES ACCORDING TO GAS CHROMATOGRAPHY AND THERMAL
DESORPTION DATA

A. Berveno, V. Berveno
Institute of Coal Chemistry and Chemical Materials SB RAS, Kemerovo, RF
Institute of Solid State Chemistry and Mechanochemistry SB RAS, Novosibirsk, RF
650003, LLC “Sorbents of Kuzbass”, Kemerovo, RF
E—mail:Bav53@list.ru, sorbkuz@mail.ru

Carbon microporous molecular sieves (CMS) are used for analysis and gassing (O,, N»

of air; Hy, CO of syngas, methane concentration). Besides, the CMS are used for production
of ionistors, supercondensers and fuel cells, and also in accumulators of different types. There
is no production of CMS in Russia.
ISSCM SB RAS develops methods of obtaining CMS out of Kuzbass coals, particularly of
anthracites and fat coals. These materials are characterized by ordered molecular structure and
texture, their arenes are positioned as associates, in which macromolecules are grouped in 3-5
and 5-7, the length of such arenes is from 1 to 3 nm.

Work objective: To study the texture, sorption-kinetic properties, distribution of micro-
pores in size, surface square of CMS for defining the production conditions of CMS out of
hardcoal.

Subject of research: samples of sorbents of coal from Kuzbass basin.

Working procedure:

Composition of functional groups was studied by IR-spectrums. The texture and elemental
composition of the sorbents were studied using electronic scanning microscope and energy-
dispersive spectrometer. Sorption into sorbents of benzol, water and methanol was used for
study of porosity. Analysis of pores distribution in size and square was performed basing on
the data of nitrogen and carbon dioxide thermal desorption metering.

Results of work:

Sorption-kinetic properties of sorbents produced by activation of anthracite were studied. It is
established that the sorptive capacity of adsorbents increases up to scum of 36.6%. At scum of
10-15% production of CMS with rather narrow distribution of micropores in size (0.65 and
0.8 nm): summary square of produced adsorbent over hydrogen sorption - Seer=408,4 m%/g,
square of mesopores Spe=52,3 m%g, volume of micropores Vi,=0,154 cm’/g (by BET
method).

Retained volumes and gas separation factor are defined according to chromatographic data.
The biggest volumes are typical for samples with scum from 5.6 to 7%. The highest separa-
tion coefficient of hydrogen and carbon monoxide (Cs=22-30) is achieved in samples with
scum of 10-12% and fraction size 0.1-0.3 mm.

Table 1. Thermal desorption metering data of produced sorbents in carbon dioxide.

Level of Sme by Vi by Volume of
scum% | Seer,m%g | T-curve,m’/g | TVEM,ml/g | Vi by TVEM,cm’/g | pores, nm
6,5 122 182 44 0,066 1,2
8,6 185 2684 55 0,083 1,15
13,3 193 241 73 0,074 14

Thus the samples of ultramicroporous sorbents which require research in the short cycle heat-
less absorption mode were produced.
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ADSORPTION EQUILIBRIUM AND KINETICS OF BENZENE AND
CYCLOHEXANE ON A POLYVINYLIDENE CHLORIDE-BASED CARBON
MOLECULAR SIEVE IN LIQUID PHASE

Georgina C. Laredo*, Jesus O. Marroquin and Jesus Castillo

Programa de Investigacion en Procesos de Transformacion. Instituto Mexicano del Petroleo
Lazaro Cardenas 152. 07730, México, D.F. MEXICO
*E-mail: glaredo@imp.mx, jmarroq@imp.mx, jcastill@imp.mx

Adsorption equilibrium and kinetics of benzene (Bz) and cyclohexane (CH) were stu-
died in a carbon molecular sieve obtained from the pyrolysis of a poly(vinylidene choride-co-
vinyl chloride) (PVDC-PVC; Saran, Dow. Co) material. Liquid phase experimental adsorption
curves were performed in a stirred tank using different amounts of benzene or cyclohexane in
iso-octane as a non-adsorbing solvent at 30 °C. Adsorption capacities for benzene and cyclo-
hexane were in the range of 3.7-5.4 and 1.8-3.8 mmol/gags respectively.

The tests performed with several benzene/cyclohexane mixtures in similar experimental
set ups showed that adsorption capacities of benzene and cyclohexane were from 1.9 to 5.4
mmol/g and 0.2 to 3.8 respectively, for a total amount in the range of 3.8 to 5.4 mmol/g.

The combined results were adjusted to a dual site Langmuir kinetic model where two
consecutive adsorption processes were considered: non-selective adsorption of molecules in
meso-supermicropores followed by the movement of such adsorbed molecules to the small
pores through the pore mouth barriers. In these cases, the non-selective part of adsorption
seemed to the more important for attaining the observed kinetic separation. The model de-
scribes the observed behavior satisfactorily.
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BJIUSTHUE TEPMOXUMHUYECKOM OFPABOTKH AHTPAIIUTA HA IPOIECC
®OPMHUPOBAHUSA MOPUCTOM CTPYKTYPHI B ITPOI[ECCE
EI'O AKTUBUPOBAHMUS BOJASSHBIM ITAPOM.

H. Coia™, A. Hysuii*, M. Kosrys®, P. Kcro®, @. JIu®, H. 1lpi6a®
“Uncmumym copbyuu u npobnem snooskonozuu HAH Yrpaunei, yn. Fenepana Haymosa, 13,
Kues, 03164, Ykpauna, E-mail: N.Sych@mail.ru
*Tonzocu Yuusepcumem, yn.Cunune poyo, 1239, llawnxai, 200092, Kumaii,
E-mail:carol xuran@tongji.edu.cn

Ilenbro HACTOSINUX MCCIENOBAHMII SBIIOCH M3YYCHHE BIUSHHS TEPMOXHMUYECKOH
00pabOTKH TOHEIKOro aHTPAIUTA, 3aKII0YAIONIEHCs B aKTHBHPOBAHHU BOJISIHBIM IIAPOM IIPH
temneparype 900°C no obrapa 30%, moCneayromeM OKUCIEHHH BO3IyXOM MIPH TEMIIEPATYPE
270-300°C, mponuTKe pacTBOPOM XHMHYECKOrO aKTHBATOPA, HA Mpouecc (HOPMUPOBAHHA
HOPHUCTOH CTPYKTYPHI B IPOLECCE €T0 AKTUBUPOBAHKS BOASHBIM IIapOM.

Bbito  ycraHoBieHo,  4TO  TepMOXUMHUeckas ~ oOpaboTka  CIocoOCTBYeT
HepepacrpesieNieHHI0 COOTHOIICHUSI 00beMOB MHKPO- M ME30HOp B CTOPOHY HOCIEIHUX.
Hal"J’lﬂ}lHO 9TO NPEACTABJIACT pI/IC.], rae mnpuBeAa€Ha AguarpamMma COOTHOLICHHS IOp BCEX
THUIIOB B 00pa3iax aHTPaILKTa, IOJABEPTHYTHIX MPSIMOMY aKTHBUPOBAHHUIO U aKTHBHPOBAHHIO C
TEPMOXMMHUYECKOIl 00paboTkoi. OO0beM COpPOLHOHHBIX IMOpP TPH TEPMOXHMHUUYECKOI
obpaboTke yBemuuuBaercs Ha 20-25% 1O CpaBHEHMIO C MIPAMBIM  (PU3HUECKUM
AKTHUBUPOBAHUEM. Y IeNIbHAs IIOBEPXHOCTh TAKUX aJICOPOCHTOB IO OLICHKAM METOJOM TEILIO-
BOii secopOumn aprona nocturaer 1000 M*/r 1 Golee, TOrqa Kak MpH NPSIMOM aKTHBHDPOBA-
HUHM 5Ta BETWYMHA He rpeBbimaet 800 M/T.

Vi
(VoY) Ve
T VoV

05

1 2

Puc. 1. J/lnarpaMMa COOTHOIIEHHS MUKPO-, ME30- M MAaKpOIOp B 00pa3iax aKTHBHPOBAHHOTO
aHTpanyTa: | — mpsAMoe aKTUBHPOBaHUE; 2 — aKTUBUPOBAHHE C MPEIBAPUTEIBHON TEPMOXHU-
MHYECKOIl 00pabOTKOM.

Paboma evinonnena npu unancosoii noodepoicke I'ockomungopmuayku Yxpaumsl.
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COINOCTABJIEHUE TAPAMETPOB [TOPUCTOM CTPYKTYPbI YIJIEPOIHBIX
AJICOPBEHTOB, OITPEJEJIEHHBIX U3 U3OTEPM AJICOPBLIUU ITAPOB
A30TA IIPU 77 K, C PEHTTEHOBCKUMU JAHHBIMH

C.[. ApramonoBa, A.M. Bonomyk, T.IL. ITypsiera, A.A. Hlupsies
VYupeowcoenue PAH Uncmumym ¢ghusuueckori xumuu u 31eKmpoxumuu
um. A.H. @pymrxuna PAH
119071 Mocksa, Jlenunckui npocnekm, 0. 31, k. 4, E-mail: avoloshchuk@rambler.ru

B Hacrosimiee BpeMsi OCHOBHBIM METOJOM OIIPEACNCHUS IapaMeTpoB IMOPHUCTOH
CTPYKTYpbl HAHOIOPHCTOBIX aJCOPOCHTOB, B TOM WYHCJE YIJCPOAHBIX, SIBISICTCS aHAIN3
n3orepM ancopouun (M1A) napoB pa3inuHBIX BelecTB (B OCHOBHOM HapoB a3oTa npu 77 K).

Amnanu3 UA npoBoauTcs ¢ MPUMEHEHHEM YPaBHEHHI TEOPUH OOBEMHOTO 3arOIHEHHS
mukponop dyOoununa, ypasuenust Xopsara—Kasa3zoe, Jlo u Jlo, pa3nuuHbIX CpaBHUTEIbHBIX
MeronoB (B vactHocTH, f-, MP-, as, y/F-meromoB). [lns axtuBHbIX yriaed (AY) c
NPEeHeOPE)KUMO MaJIbIM  COJEP)KAHHE ME30MOp HMHOTJA ONPEACNSIOT CPefHHH paszmep
mukponop 1o b3T (Xgar), paccunThIBaeMblii Kak OTHOIIEHHE CYyMMapHOro o0beMa 1op Ipu
HACBILEHUH K yJenbHoll noBepxHoctu 1o bOT. B nocnennee Bpems IHPOKOE NPHMEHEHUE
HAYMHAET MOJIy4aTh METOJ], OCHOBAHHBIIl Ha TEOPUH HEIOKAIBFHOTO (hyHKIIMOHAJA IJIOTHOCTH.
Ilpn sTOM ciegyeT OTMETHTb, YTO 3TOT METOJA B ONPEJEICHHOM CMBICIE MOXKHO TaKkKe
OTHECTHU K CPaBHHUTEIILHBIM, TIOCKOJIbKY ISl OTTHCAHUSI SKCIIEPUMEHTANBHBIX A HeoOXo1uMo
3HaTh WA mapoB a30Ta Ha MOBEPXHOCTH HEKOTOPOTO «OMOPHOTO» (3TaJOHHOr0) oOpasiia
HETIOPUCTOr0 YIIIEPOIHOro acOpOeHTA.

W3 uncna GuU3NUECKUX METONOB, MCIOJB3YyEMbIX Ul aHajIn3a MOPUCTOH CTPYKTYPHI
HAHOMOPHUCTBIX aJCOPOCHTOB, CIEIyeT Ha3BaTh, HPEXJE BCEro, METOAbl  PacCeHBaHUA
PEHTTEHOBCKUX JIyueil Ha MajblX M IIMPOKHX YIiax, IM(paKLUM PEeHTIEHOBCKUX JIydei, a
TaKKe METOJIbl AHHUTHIIALMU IO3UTPOHOB U UMITYJIbCHOTO SIMP.

OueBH/IHO, YTO COIOCTABJICHHE DPE3YJIBTATOB, MOJTYYCHHBIX DPA3IMYHBIMH METOJAMH,
MO3BOJIAET TIIyOXKe IPOAaHAIM3UPOBATh IIOPHCTYIO CTPYKTYpPY pealbHBIX HaHOIOPHCTBIX
YIJIEPOIHBIX aICOPOCHTOB.

B Hacrosimel pabore Takoe CONOCTaBUTENBHOE MCCIEN0BaHHUE IPOBEJCHO HA IpUMeEpe
cepuueckux akTUBHBIX yriiei (AY) Ha ocHoBe (Gypdypona (PAC), HeKOTOPBIX Apyrux AY
Ha MOJIMMEPHOI OCHOBE, aKTHBUPOBAHHBIX yIiepoaHbix TkaHel (AYT) Ha OCHOBE BHCKO3bI
¥ aKTUBMPOBAHHOI'O YIIIEPOIHOro BoiiIoka (AYB) Ha 0OCHOBE rMAPATLEIUIIONO3BI.

KpuBble paccesHHs HO3BOJISIOT BBbIIEIUTh TIPYNIY aiCOPOEHTOB, KOTOPYIO MOXHO
KIacCuGUIMPOBATh KaK  HMEpapXUYeCKHe CHCTEMBI, T.€. OTYETJIUBO BBIACIAIOTCS JIBE
IOJICUCTEMbl HEOJHOPOJHOCTEH CYIIECTBEHHO PAa3JIMYHBIX Pa3MEpOB — CyOHAaHOMETPOBbIE U
TepBbIe IECATKA HAaHOMETPOB. [Ipu 3TOM KOHLEHTpanus cyOHaHOMETPOBBIX HOP, KOTOPBIE U
OIPEeNIeISIIOT aICOPOLIMOHHBIE CBOWCTBA YITIEPOIHBIX MATEPHAIIOB, JOCTATOYHO BBICOKA.

IMoka3zaHo, 4TO0 mNpH H3y4EHUH KapOOHU30BAHHBIX WM CJIA00aKTHBUPOBAHHBIX
YIJIEPOAHBIX MATepPHAJIOB KOPPEISMS MEXIy IapaMeTpaMH IOPUCTOM CTPYKTYpHI,
OIpe/IeNIeHHbIMH ~ /ICOPOLIMOHHBIMH  METOJaMHM, M JAaHHBIMM METOJa MAaJlOyIJI0BOrO
paccesHHE PEHTI'€HOBCKUX JIydel  IpakTuuecku otcyrcrByer. OpHako st AY ¢
OTHOCHUTEJIFHO LIMPOKUMH ITOPAMH HAOJIIOJAETCsl KOPPEILSILUSL MEXIY pa3MepaMi MHKPOIIOp,
OIpe/IeNICHHbIMU U3 aJICOPOIMOHHBIX JAHHBIX M PaJMyCaMM HUHEPIUH, ONpelesieMbIMU U3
JIAHHBIX 110 MaJOYIJIOBOMY pAacCesIHHIO PEHTI€HOBCKUX JIydeil, Tak e KaKk U MEexmy
pa3MepaMi MHUKpOIIOp ¥ pa3MepaMH rpadUTONOZOOHBIX KPHCTAUIUTOB, ONPENeIsIeMbIX
METOJIOM PEHTI€HOCTPYKTYPHOTO aHaiu3a Ha mupokux yriax (PCTA).
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COMPARISON OF PARAMETERS OF POROUS STRUCTURE OF CARBON
ADSORBENTS DETERMINED FROM ADSORPTION ISOTHERMS OF
NITROGEN VAPOURS AT 77 K AND X-RAY DATA

S.D. Artamonova, A.M. Voloshchuk, T.P. Puryaeva, A.A. Shiryaev
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry
of Russian Academy of Sciences (IPCE RAN), 119071 Moscow, Leninsky prospect, 31
E-mail: avoloshchuk@rambler.ru

Now the basic method of determination of parameters of porous structure of nanoporous
adsorbents, including carbon adsorbents, is the analysis of adsorption isotherms of vapors of
various substances (mainly nitrogen vapours at 77 K).

The analysis is carried out with use of the equations of the Dubinin’s theory for the vo-
lume filling of micropores, the equation of the Horvath[1Kawazoe, Do and Do, various com-
parative methods (in particular, - MP-, os-, y/F-methods). For active carbons (AC) with small
content of mesopores an average size of micropores (Xggr), can be counted as the relation of
the net volume of pores at saturation to specific BET surface. Recently wide application starts
to gain a method based on nonlocal density functional theory. Thus it is necessary to note
that this method in a sense can be also attributed to comparative methods as for the descrip-
tion of experimental adsorption isotherms it is necessary to know the adsorption isotherm of
nitrogen vapors on a surface of some "basic" (“reference”) sample of nonporous carbon ad-
sorbent.

From among the physical methods used for the analysis of a porous structure of nano-
porous adsorbents, it is necessary to term, first of all, methods of dispersion of a X-ray at
small and wide angles, X-ray diffraction, and also methods of positron annihilation and
pulsed NMR.

It is obvious that comparison of the results gained by various methods, allows us to ana-
lyze more profoundlyl a porous structure of real nanoporous carbon adsorbents.

In the present study such comparative investigation is carried out on an instance of
spherical ACs on the base furfurol (FAC) and some other ACs on polymeric base, activated
carbon cloths on the base of viscose and activated carbon felt on the base of hydrated cellu-
lose.

The X-ray data allow us to mark out group of carbon adsorbents which can be classi-
fied as hierarchical systems, i.e. two subsystems of inhomogeneities of essentially various
sizes — the subnanometers and the first tens of nanometers [ are distinctly observed. The
concentration of subnanometer pores which determines the adsorption properties of the car-
bon materials, is high enough.

It is shown that for carbonized or activated carbon materials with small burns-off cor-
relation between parameters of porous structure determined from adsorption and small angle
X-ray scattering data practically misses. At the same time for the ACs with rather wide pores
correlation between the micropore sizes determined from the adsorption data and the inertia
radiuses, obtained from the small angle X-ray scattering, as well as between micropore sizes
and sizes of graphitic-like crystallites spotted by a XRD method are observed.
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ATOMHO-2JIEKTPOHHAS CTPYKTYPA IOBEPXHOCTHO-
MOAUP®UIAPOBAHHBIX YIVIEPOJHBIX HAHOBOJIOKOH 11O JAHHBIM
AHHUT'WISAIUU TIO3UTPOHOB

N.U. Bapapies, A.Jl. Mokpyuus, B.A. Korenes, A.1O. [luBaaze
VYupeowcoenue Poccuiickotl akademuu Hayk Hncmumym @usuieckou Xumuu u S1eKmpoxumuil
um. A.H. @pymrxuna PAH 119071, Mockesa, Jlenunckuii npocnexkm 31, kopn.4
E-mail: bardyshev@phyche.ac.ru

T103UTpOH-211eKTPOHHAsT AHHUTMIISLIMOHHAS CIIEKTPOCKOIHMS - BBICOKOYYBCTBUTENIBHBIN
AepHO-QU3UYECKUIl METOJl, OCHOBAaHHBIH HAa W3MEPEHUM XapaKTePUCTHK aHHUTWIISLUH
BaJICHTHBIX 3JIEKTPOHOB C MH)KEKTUPYEMBIMH B HCCIIEyeMO€ BeleCTBO Mo3uTpoHamu (AIl).
B pannoii pabore meromom All mpoBeneHo Uccien0BaHHE aATOMHO-3IICKTPOHHOM CTPYKTYPBI
YIIIEPOHBIX HAHOBOJIOKOH B CPABHEHMU C MOJIMKPHCTAIMYECKUM TpadutoM. V3mepeHsl
9KCIIEPUMEHTANIbHbIE KPUBBIE YIJIOBOH KOPPEISLUN aHHUTHIAMOHHOrO n3nydeHus (YKAM)
B Moaudukain 1D-reomerpun, npeacTasistone coboil pacnpeaesaeHus Mo yriiaMm pasiera
map kecTkux (511 k3B) ramMma-KBaHTOB, HCITyCKaeMBIX NPH aHHUTWILILHUU MO3UTPOHOB B
usydyaemoM ob6pasue C(®). [ns uccieoBaHHBIX MaTepualoB Ha OCHOBaHUM KpUBHIX YKAU
MOJTyYEHbI PAaCIIPe/IeNICHUs 110 UMITYJIbCaM BAJICHTHBIX 3JeKTPOHOB N(p):

N(p)=4mp” p(p): p(p)= ©"'dC(®)/dO; ©=p/mc

dopma kpusoit C(®) ompenensercs BOJNHOBOH (yHKIUEH aHHUTHIMPYIONINX

JNEKTPOHOB Y(T): _
p(p)=|fw() y -(e™dr | % k=2mp/h

HcenenoBatbl MOpomkooOpasHbie 00pasibl YIIepOJHbIX HAHOBOJIOKOH, KaK HCXOJIHBIC,
TaKk ¥ MOBEPXHOCTHO-MOJM(MDHUIMPOBAHHBIE OKHCICHHEM B a30THOM kucinore mpu 150°C (B
aBTOKJIaBe), 1100 oTkuroM B Bakyyme npu 700°C. McxomHele oOpasubl —IPEACTaBISIOT
coboii BomokHa muamerpoM 40-60 HM (0e3 BHyTpeHHero kanaia). OOHapy»XeHO, 4YTO
UMITYJIbCHBIE pactpeaesienus N(p) AJ1st yriaepoJHbIX HAHOBOJIOKOH CYILIECTBEHHO OTJIMYAIOTCS
TaKOBBIX JUIsl ITIOJNMKpUcTajuinyeckoro rpacura. Ilpu coBmageHun no ¢opme B obnactu
MaJIbIX UMITYJIBCOB P<5 (B €QUMHHLIAX 10’3mc) W OJJMHAKOBOM ITOJIOKEHHH MAaKCHMYMOB p=6
HaOJIIolaeTcsl CYLIECTBEHHOE pa3iuyuie B O0NAcTH HMITYJIBCOB P>9, BbIpakaiomieecs: B
npesbieHud N(p) [u1st yriaepoJHbIX HAHOBOJIOKOH 110 CPABHEHHIO C TPaUTOM.

Habnromaemoe pasnuume N(p) B yIJIEPOAHBIX HAHOBOJOKHAX [0 CPABHEHHIO C
Fpaq)l/lTOM OJHO3HAYHO YKa3bIBA€T Ha YBCJIUYCHUE CPCIAHEr0 MMITYJIbCa aHHUTWINPYIOMINUX
3JIEKTPOHOB, 4YTO, B CBOIO OUEpElb, CBA3aHO C YBEIMYEHHUEM CTEHECHH JIOKaJIM3aluH
JJIEKTPOHOB (B COOTBETCTBHM C MPUHIHUIOM HeompeneneHHOCTH AxAp~h). DTo MOXHO
OGLﬂCHHTb TEM. YTO YTJICPOA-YIJICPOAHBIC CBA3U B HAHOBOJIOKHAX HaxXOIATCS B HaIIPsKEH-
HOM COCTOSIHHH BCJICJICTBUE HCKPUBICHHS Ipa(UTONOIOOHBIX INIOCKOCTEH.
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THE ATOMIC-ELECTRON STRUCTURE OF THE MODIFIED CARBON
NANOFIBRES SURFACE BY POSITRON ANNIHILATION

LI Bardyshev, A.D. Mokrushin, V.A. Kotenev, A.Yu. Tsivadze
Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences,
Leninskii pr., building 4, Moscow, 119071 Russia
E-mail: bardyshev&phyche.ac.ru

Positron-electron annihilation spectroscopy (PAS) is a high sensitive nuclear-physical
method on based on the measurement of the annihilation characteristics of valence electrons
with positrons injected into material under study. This study is devoted to investigation of the
atomic-electron structure of carbon nanofibres in comparison with polycrystalline graphite.
The experimental angular correlation of annihilation radiation (ACAR) curves in 1-D geome-
try modification are the angular distribution C(®) of hard (511keV) gamma-quanta pairs emit-
ted when positron annihilation in the material under study occur. On the base of experimental
ACAR curves the momentum distributions N(p) have been obtained :

N(p)=4mp” p(p): p(p)= ©"'dC(®)/dO; O=p/mc

The ACAR curve shape determined by the wave function of the annihilating electrons

y(r): _
p(p)=|fw(®) y -(n)e™dr | % k=2mp/h

The powder samples of carbon nanofibres as initial as surface modified by oxidation in

nitric acid (150°C in avtoclave) or vacuum annealing (700°C). The initial samples are the
fibres of 40-60 nm diameter (without an inner duct). It have been discovered the the
momentum distributions N(p) for carbon nanofibres considerable differ from the same for the
polycrystalline graphite.
When the distribution shape near the area of small electrons momentun p<5 (in 10~ mc units)
coincides with the polycrystalline graphite and there are the same maximums positions p=6 it
is considerable difference in p>9 momentum area manifested as N(p) exceeding for carbon
nanofibres in comparison with polycrystalline graphite.

The observed difference N(p) for carbon nanofibres indicates undoubtedly the increase
of average annihilating electrons momentum. This fact, in its turn, connected with an increase
of the electrons localization degree (in indeterminancy AxAp~h). It may be explained the car-
bon-carbon bonds in nanofibres are in strained state as a result of graphite like planes bend.
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®OPAKTAJIBHBIE XAPAKTEPUCTUKHA HEKOTOPBIX KOMIIOHEHTOB
JPEBECHHbI

"HIL Bormanosuy, 2 H.A.Makapeswny, °I'B. JloGene
! Cesepnuiii (apxmuueckuii) pedepansuoiii ynusepcumem, 2. Apxamneensck. Poccus.
E-mail: lesochim@agtu.ru
2 Vupeacdenue obpasosanus. Boennas axademus PB, 2. Munck. E-mail: nikma@tut.by
3 Hameutickuii 20Cy0apcmeeHHbLIL UHCIMUmym xumuu opegecunvl, 2. Puea. Jlameus.

E-mail: ligno@edi.lv

OCHOBHBIE KOMIIOHEHTHI JPEBECHHBI (LIEJUTI0I03a, JINTHUH, SKCTParupyeMble BEeLecT-
Ba) MPEACTABIISICT UCKIIOYUTEIBHBIM HHTEPEC Ul CO3AaHMsI HOBBIX MATEPHAIOB M TEXHOJIO-
THii HOBOTO MokoseHus — «biorefinery».

B kauecTBe npumepa, B HaCTOsIIICH paboTe aBTOPBI HPEIaraloT aJCopOSHTHI, CHHTE3UTO-
BaHHBIE M3 JIMTHO-IIEJUTIOJO3HBIX MaTepuanoB. MeToloM TEepMOXUMHUYECKOW aKTHBaLUeH
cynbpaTHO! OeneHON HEUTIoN03bI* 1 OMIIIOK Oepe3bl** ¢ mpeaBapuUTEIbHONW 00paboTKOM
pactBopoM 2-6 %-noit H3PO,4 mpu (400 - 450°C) B Te€4eHHe 3-5 Jac. ¥ MocleAyIonel XuMu-
yeckoii (NaOH) B Teuenue 1,5 yac. 06paboTKoif i muponmsoM mpu 600-650 °C momyueHs:
o0pa3iLbl afncopOEHTOB CO CMELIEHHONW MHKPOIOPUCTOH M ME30IOPHCTOH CTPYKTYpOMl.
CHUHTE3UpOBaH Kiacc COPOEHTOB M3 KOMIOHEHTOB JPEBECHHBI, CBOMCTBA KOTOPBIX BBITOJIHO
OTJIMYAIOTCSI OT CBOMCTB aKTHBHBIX MTPOMBILUICHHBIX yriiei Poccun (Tabum).

Tabun. XapakTeprcTiKa COPOCHTOB C Pa3IMYHBIMU MOJICKYJIIPHBIMH TECTaMU:
N, Jo, MetusieHoBBIM roy0ObiM, CoHe.

HiPO, | V5V, S.
% mm’/g m?/g
N, I Methyl Heksan
@=0.162nm | ©=0.303n blue @=0.49nm
2 m? @=0.5Tnm> 2
*0 1159.1/
645.5 2399 1382 769.7 2159.4
*2 1174.6/
726.0 2444 1469 898.3 1889.8
*4 961.6/
570.3 2024 1294 582.6 1641.7
**6 1141.5/
932.9 2556 1348 937.6

*pretritment-400 °C, 180min, pyrolysis- 600 °C, 90min; ** pretritment -450 °C, 300 min; py-
rolysis -650 0C, 90 min; a, - BENMUYUHA MPEACTBHON ancopOIuu; S-yAenbHas TOBEPXHOCTh
yIiIsl, OCTynHast MoJjiekynam N, J,, METHIICHOBOTO Toly0Oro M TeKCaHa C «I0CaJOYHBIMH
IUIONIAAKAMID» - (.

Ipu temnepatype xuakoro azora Ha Sorptometer KELVIN 1042 cHsTbl U30TE€pMBI af-
copbrun - necopbruu N, u onpesneneHsl yaenabHble moBepxHocty o 52T u no JIsurMmiopy,
cymmapHblii 06beM Vy u 06beM mukponop V, (~0.7 ot Vy). YaenbHble NOBEPXHOCTH aj-
copbenTos mo BAT cocraumi okono 2500 M*/r), ¢ pasMepaMi [Op MPEHMYIIECTBEHHO 1-
15am 1 80-100uMm). [lst cepunt u3 15 00pa3ioB Ha LEIUTFOJI03HONH OCHOBE YCTaHOBJICHBI KOP-
pemsnun: Vy =0,7085+402 u V, =0,2358+125. CunresnpoBaHHbIe aICcOpOEHTHI 00IagaloT
HaHO pa3MepHBIMH cBolicTBamMmHu. OmpeneneHa (pakraabHas pasMepHOCTb df o S U o mist
pas3nu4HBIX aacopbaToB mocaqouHsIMU mtamaakam 0,2-0,8uM, koTopast coctaBuna: dy=2.16.

192



FRACTAL DIMENSIONS OF SOME WOOD COMPONENTS

! N.I. Bogdanovich, > N.A. Makarevich, *G.V. Dobele
"The North (Arctic) federal university, Arkhangelsk. Russia. E-mail: lesochim@agtu.ru
National academy of Sciences of Republic Belarus, Minsk. Belarus. E-mail: nikma@tut.by
? The state institute of wood chemistry, Riga. Latvia. E-mail: ligno@edi.ly

The basic components of wood (cellulose, lignin, extractives) for building of new stuffs
and technologies of new generation — «biorefinery» represent exclusive interest. It is known
that biopolymers have a fractal dimensions. Ability of components of wood itself to be orga-
nized and form nanostructures it is possible to track on an example polyelectrolytes complex-
es and absorbent coals.

As an example, in the present work authors offer adsorbents from lingo - cellulose stuffs.
A method thermochemical activation by a cellulose sulphate * and wood sawdust ** with pre-
treatment by solution of 2-6 % by th H3PO, at (400 - 450°C) within 3-5 hour. And the subse-
quent chemical (NaOH) within 1.5 hour. Processing and pyrolysis at 600-650 °C receive sam-
ples of adsorbents with mixed microporous and a mesoporous structures. The class of sorbents
from components of the wood which properties expediently differs from properties of awake
industrial coals of Russia (Table 1) is synthesized.
Table 1. The Characteristic of sorbents with various molecular tests: N,, J,, methylene blue,
C(,H(,.

H3P04, % Vz/ V# S, mz/g
mm’/g
N» I Methyl Heksan
@=0.162nm* | ©=0.303nm blue @=0.49nm’
2 @=0.57nm>
*0 1159.1/
645.5 2399 1382 769.7 21594
*2 1174.6/
726.0 2444 1469 898.3 1889.8
*4 961.6/
570.3 2024 1294 582.6 1641.7
**6 1141.5/
932.9 2556 1348 937.6

*rretritment-400 0C, 180min, ryrolysis - 600 0C, 90min; ** pretritment-450 OC, 300 min; pyro-
lysis-650 °C, 90 min;a,, - size of limiting adsorption; a S-specific surface of coal, accessible to
moleculas N, J>, methylene blue and hexane with "fields" - w.

At temperature of liquid nitrogen on Sorptometer KELVIN 1042 adsorption isotherms -
desorptions N, are removed and specific surfaces on BET and on Langmur, bulk volume Vy
and volume of micropores ¥V, (~0.7 from Vy) are defined. Specific surfaces of adsorbents on
BET have compounded about 2500 m?/G), with pore sizes mainly 1-15nm and 80-100nm).
For a series from 15 samples on a cellulose basis correlation are positioned: Vs =0.7085+402
and V), =0.2355+125. That synthesized sorbents belong to stuffs with nanodimensional prop-
erties, results of an assessment fractal dimensions two methods testify: a method of molecular
tests and a thermodynamic method. It is defined fractal dimension dy on Sand @ for four spe-
cified adsorbates in the range of scales 0,2-0,8am which has compounded: dy=2.16.
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OCOBEHHOCTHU CTPYKTYPOOBPA30OBAHUA YI'JIEPOJHBIX AJICOPBEHTOB
B INPOLECCE CUHTE3A U3 JIMT'HOUEJJIIOJIO3HBIX MATEPUAJIOB.

JL.E. BI/ITKI/IHal, E.N. LUKOHLHHKOB', A. Bon},nepTz, I'.B. o6ene 2
! O6vedunennviii uncmumym svicokux mevnepamyp PAH, 125412, 2.Mocxkea, yn. Hocopckas,
0. 13, emp.2, Vitkina-Darya@yandex.ru
2 Hameuiickuii 20CY0apCmMEeHHbLL UHCIMUMYM XUMUU OPEBEeCUHbL

B pabore mccnenoBanuch 00pasibl aKTHBUPOBAHHBIX YIJICH, IMOTYyYCHHBIE METOIOM
TEPMOXMMHYECKON aKTHBALMM JIMTHOIICJUTIONIO3HBIX MATepPUaiOB B 3aBUCHMOCTH OT
TEXHOJIOTHUECKUX TapaMeTPOB CHHTE3a. BBbUTH M3ydeHbI BIMSHHE CKOPOCTH KapOOHH3ALMH,
conepkanuss (ocGOpHON KHCIOTHI Ha CTAAWM KapOOHH3ALUH, KOIMYECTBA XUMHUYECKOTO
aktuBaropa NaOH. OcHOBHOI MeTO HccienoBaHus - MeTo JlumutupoBantoro McrnapeHust.
C ero MoMoILbIO MOMTyYEeHbI H30TEPMbI JECOPOLIUH, a 3aTeM PacCUUTaHbl PACIIPEICICHUS MOP
0 pa3Mepam, MOCTPOCHBI An(depeHIIHATbHBIC U HHTETPAIBHBIC KPHUBBIC.

Tloka3aHo, 4TO CTPYKTYpa yIJis 4YyBCTBHTEIbHA K KOJIMYECTBY aKTUBATOPA. YBEJIHUYCHHE
MPOLICHTHOTO COACP)KAHHS LICNOYH MPUBOAUT K 3aMETHOMY POCTY OOBEMOB MHKDPO H
ME30HOp, a CJICHOBATEIPHO U CyMMapHOro oObeMa MOp. VYBEJIHYCHHE CKOPOCTH
KapOOHM3aLMK NPUBOJUT K MOBBILICHHIO O0beMa MOp B JMamna3oHe paauycoB 5-15 A.
®DocdopHast KHCIOTa HETaTHBHO BIUSIET Ha IOPUCTYIO CTPYKTYPY. UeM MEeHsbIIIe CoaepKaHHe
(bochopHOil KHCIOTHI, TeM 0oJibllle 00beM AKTUBHBIX MMOp, a CIEAOBATENLHO M CyMMapHbIH
00BeM 1op.
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Busiane ckopoctu kapbonusanuu A-A100*, m-L100, o- AS50, #-L50*.
A —ckxopocTb Harpesa npu kapoonusauu 4°C/mMuH;

L- ckopocts Harpea npu kapoonuzanuu 1°C/MuH;

*100 u 50 ycnoBHOE KOJIMYECTBO LIETOYH
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STUDIES OF THE WASTEWATER ADSORPTION ON ZEOLITE STRUCTURES
SYNTHESIZED FROM WASTER FLY ASH

M. Visal, L. Isac
Transilvania University of Brasov, Dept. Renewable Energy Systems and Recycling, Eroilor
29, 500036 Brasov, Romania, E-mail: maria.visa@unitby.ro

Zeolites are aluminosilicates with the generic chemical formula M;,0- ALO;-x
Si0,-yH»0 and a microporosity that is determined by the crystalline structure.

The crystalline structures of zeolites, including sodium, potassium, calcium or magnesium
aluminosilicates with three-dimensional network supports their applications in pollutants re-
moval from wastewater.

Class “F” fly ash (FA), collected from CHP Brasov (Romania), with oxides composi-
tion SiO,/ Al,O3 over 2.4 proved good adsorbent properties, and was further used for obtain-
ing zeolite type structures. Firstly, the new adsorbent was characterized by AFM, XRD and
FTIR. The AFM and XRD suggested that the new type of zeolite is predominant crystalline.
This paper presents the results obtained when using this new material for removal the Pb>",
Cd*"and Zn*" cations from their mixture solutions. The results show high efficiency efficien-
¢y for Pb*" and Zn*".

—m— Pb*(mixture)/Z
351 —e— Zn*(mixture)/Z -
I/
30 ——
'\ —
!
_ 2] /
)
320 = .- e
Q2 /
i) ]
2 15 - e e
10 .\.\./
54
0 T T T T T
0 50 100 150 200 250
Time [min]

Fig. 1. Influence of contact time of adsorption on zeolite

The optimized adsorption parameters were further used in modelling the thermodynam-
ic and kinetic adsorption processes. The Langmuir model could well apply indicating a possi-
ble ion exchange between the hydrated cations and the substrate, at the working pH.

The pseudo-second order kinetics could well model all the processes, indicating an amount of
adsorption sites with the same order of magnitude as the cation concentrations.
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MNOJYYEHHUE BBICOKO9®®EKTHUBHbBIX COPBLHIUOHHO-
KATAJIUTUYECKHUX MATEPUAJIOB HA OCHOBE TIPUPOJHBIX HIEOJIHUTOB,
MOJUPULUPOBAHHBIX JTUOKCUAOM MAPTAHIIA.

B.B. Camonus, A.B. YeueBnukun
Canxkm-Ilemep6ypackuil 20cy0apcmeeHHblll MEXHON02UHeCKULl UHCIUMYm (exHu4ecKui
ynugepcumem), 190013, Poccus, Canxm-Ilemepbype, Mockosckuii np., 0. 26
Ten../ghakc: (812)315-5114, E-mail: samonin@Iti-gti.ru

IMony4yeHue HOBBIX COPOIIMOHHO-KATATUTHIECKUX MAaTEePHAIOB 00JIaJalOIINX YTy IIeH-
HBIMH XapaKTEPUCTUKAMH SIBJISIETCS akTyasibHOU 3anadeid. [Ipupoansie neonuts! (I1LI) — pas-
HOOOpa3Hble KapKacHbIE aTIOMOCUIIMKATBI, HAXOAAT BCe Oosee BO3pacTarollee IPUMEHEHUE B
Pa3IUYHBIX OTPACHIAX HAPOJHOTO X035 CTBA [0 MPUYMHE UX JOCTYNHOCTH, JACIIEBU3HbI U BBI-
cokoit 3 dexTuBHOCTH PabOTHI. SIBISsICH COPOSHTAMU C PEryJIspHOI MOPUCTOH CTPYKTYpOi
JNIeMeHTapHBIX s4eek, 1L mposBIsiioT pa3HooOpa3Hble CBOiCTBa (HOHOOOMEHHBIE, CHTOBBIEC,
KaTaIUTUYECKUE U T.1.), U3y4eHHEe KOTOPbIX B HACTOSILEE BPEMsI AAJICKO HE 3aBEPLICHO.

Oco0blii MHTEpecC npecTaBisaioT Moauduuuposannsie ¢popmsl I111 1 B nepsyto ouepens
METAIOKCHIHBIE, MO0 NPUYMHE HX YHUKAJIbHBIX COPOIMOHHO-KAaTaJUTHYECKUX CBOWCTB.
Ocaxnenne MnO,-da3pr Ha anroMocuiukatHON nmoBepxHocTH [1L] U3 BOIHBIX pacTBOpPOB —
CIIOXKHBIM T€TEePOreHHBbII MPOLECcC, OCHOBHBIMU COCTAaBIISIOLIMMU KOTOPOrO SIBJISIOTCS IPO-
neccbl 1uddy3un u ancopOIMU KOMIIOHEHTOB B opuctoil crpykrype I1L] ¢ pasmepom mop u
TPAHCIOPTHBIX KaHAJIOB HAHOMETPOBBIX Pa3MEPOB.

Jnst cunre3a MnO,-¢a3bl Ha MOBEPXHOCTH KIMHONTHIONUTA MPUMEHSUTH TEXHOIOIHIO
okucieHns copouposanHoro [11] nona Mn** TepMaHTaHaT HOHOM [1].

Tonyuensr obOpasusl I pasznuuneix MecTopoxaeHuit Poccun momuduuupoBaHHbIE
MnO,. YcTaHOBIIEHO, YTO OJHUM U3 OCHOBHBIX (pakTOpoB 00pazoBanust MnO,-a3ssl sBiseT-
¢S COpBIIOHHAS CIIOCOGHOCTE IO HOHY Mn?', KOTOpas 3aBHCHT OT COZEPIKAHMS KIHHOITH-
nonuTa B nopoje. Ha mexanndeckyio mpouyHocTs MnO,-OKPBITHI Ha OBEPXHOCTH YacCTHUI]
1Ll BuseT conep)kaHKE IUIACTHHYATO-CIOUCTHIX MaTepUalIoB (MOHTMOPWIJIOHHUT, OMOTUT H
Ap.).-

IToBepxuoctHas MnO,-ha3a, popMupyemas Ha COpOLIMOHHO-aKTHBHBIX MECTax JIOKa-
JIU3alUM KaTHOHOB BHYTPH KPYIHBIX HOJIOCTEH afoMOCHIMKaTHOTO Kapkaca 1Ll nmeer He-
0OJBIIYI0 TONIIKMHY BriyOb 3epHa BcieacTBue AnGGy3MOHHBIX 3aTPyTHEHHH TPaHCIOPTA
rona Mn®" 1 oco6enno nona MnO,".

H3ydeHo BaMsHME TeMIIEpAaTyphbl Ha MPOLECC OKHUCICHUs COPOMPOBAHHOIO KIMHONTHU-
sonutomM HoHa Mn®' mepMaHTaHaT HOHOM, KOTOpPOE HOCHT CIOXKHBIE XapakTep, Ompejernse-
MbIH COPOLIMOHHO-1E€COPOLIMOHHBIM PABHOBECHEM HOHA Mn®* ¢ kapkacom IIL] npu paznuy-
HBIX TEMIIEpaTypax.

JINTEPATVYPA:
[1] Tapacesuu FO0.1., Ilonsaxos B.E., MBanos 3.I'. [losyyenne u cBOiCTBa KIMHONTHIONUTA
MOIH(PUIIMPOBAHHOTO AUOKCHIOM MapraHua. Xumus u Texaonorus Bosi, 2008, 1. 30 Ne 2 c.
159-169.
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PREPARATION OF HIGHLY EFFETIVE SORPTION-CATALYTIC MATERIALS
BASED ON NATURAL ZEOLITES MODIFIED BY MANGANESE DIOXIDE

V.V. Samonin, A.V. Chechevichkin,
Saint Petersburg State Institute of Technology (Technical University), Moskovsky prospect,
26, Saint Petersburg 190013, tel./fax: (812)315-5114, E-mail: samonin@Iti-gti.ru

Preparation of novel sorption-catalytic materials which possess the improved properties
represents currently a challenging task. Natural zeolites, i.e. various cage-like aluminosilicates,
are gaining a growing application in various parts of industry and national economy, as they
are available, cheap, and effective. Being absorbents with regular porous structure of unit
cells, natural zeolites can perform a wide set of functions (ion-exchange, sieve, catalytic, and
etc.) which are not yet completely studied.

Modified types of natural zeolites are of a special interest, mostly metal oxide modified
due to their unique sorption-catalytic properties. A precipitation of MnO,-phase from aqueous
solutions on the aluminosilicates surface of natural zeolites is a complex heterogeneous
process. Its main stages are diffusion and adsorption of components into a porous structure of
a natural zeolite with pore- and transport channel sizes of a nanometer scale.

MnO,-Phase on a clinoptilolite surface was synthesized according to a technology, in
which a Mn”" ion sorbed by natural zeolite was oxidized by a permanganate-ion [1].

Natural zeolite samples, modified by MnO,, were obtained from various Russian mine-
fields. It was found out that one of the major factors of MnO,-phase formation is a sorption
capacity to Mn”" ion, which depends on the amount of clinoptilolite in a mine rock. Mechani-
cal resistance of MnO»-coatings on natural zeolite particles surface is influenced by the con-
tent of laminar solids (montmorillonite, biotite (black mica), and etc.).

A surface MnO;-phase, formed on sorption active spots of cations localization inside th
large vesicles of aluminosilicates skeleton frame of a natural zeolite, has a small in-depth
flake thickness due to diffusion constraints of Mn”" ion transport and especially MnOy~ ion.

We have studied temperature influence on an oxidation process by a permanganate ion of a
Mn?" ion sorbed on a clinoptilolite. This process is a complex one and is determined by sorp-
tion-desorption equilibrium between Mn>" ion and skeleton frame of a natural zeolite at vari-
ous temperatures.

REFERENCES:
[1] Tarasevich, U.L, Polyakov, V.E., Ivanov, Z.G. Preparation and properties of clinoptilolite
modified by manganese dioxide // Chemistry and Technology of Water (Khimia i technologia
vodi), 2008, vol.30, 2, pp.159-169.
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OYUCTKA INIPUPOJHOI'O I'A3A OT H,S HA TPAHYJIMPOBAHHBIX
HEOJUTAX A U X BE3 CBA3YIOUIUX BEIIECTB

W.H. [1aBnosa, P.C. Unubaes, b.11. Kyrenos, A.b. Bonpsrit
Hucmumym nedpmexumuu u kamanuza PAH,;
450075, PB, &.Y¢pa, Ilp.Oxmabps, 141, E-mail: ink@anrb.ru

IIpoBeneHsl uccIenOBaHUS HANpPaBJICHHbIE HA CO3JaHHE BBICOKOI(P(EKTUBHBIX Mep-
CIEKTHBHBIX IS TPOMBIIIICHHOTO BHEAPEHHsI aJCOpPOCHTOB HA OCHOBE TPaHyJIHPOBAHHBIX
neonutoB A u X 6e3 cesyromux BemectB (A-bBC, X-BC) B mporeccax cepoOYUCTKU MpH-
POZHOrO rasa.

Lleonutsr NaA-BC u NaX-bC nuamerpom 1,6MM CHHTE3UpOBAJIH MO pa3pabOTaHHBIM B
naboparopuu npurorosnenus karanuzatopos MHK PAH metonukawm. Ilo manusim POA cre-
MeHb KPUCTAJIMYHOCTH 00pa3noB Om3ka k 95,0 %.

Ancopbumonnsie emxoctu o H,S (D, MF/CM3) CHHTE3MPOBAHHBIX 00pa3LloB HCCIEN0-
BaJIM B JMHAMHYECKOM PEXHME Ha MMIOTHOW YCTAaHOBKE NpH JaBjeHHH ajacopOuuu 40atm,
temneparype 22-25°C, o6beme 3arpykenHoro ancopbenta 184 cM’, uHeHHOM CKOPOCTH ra-
30Boro moToka 0,2 M/c, KoHIeHTpamuK cepoBoxopona 0,8+1,1 r/m’. Cocras MozenbHO# Ta-
30Bo# cmecu (MmetaH- 91,4 %; sran- 3,8 %; npoman- 0,7%; cymmaphsiii 6ytan- 0,2%; CO,-
3,0%; N2-0,8%; H,S- 0,8+1,1r/m*; HyO- 0,12r/m°).

T"a30By10 cMech Tocie agcopbepa aHAIM3UPOBAIN HA COJEPIKAHHE CEPOBOJOPOIA. JKC-
MEePUMEHT MpeKpallaid Ipy JOCTIKeHUN KoHueHTparmu H,S B ounmensom raze 0,007 /v,

st kaxxgoro agcopOeHTa B paboTe OBLIM IOJIyYEHBI CBOM PsiJibl 3HAYECHHUH a1copOLu-
OHHBIX eMKocTel 1o H,S B 3aBUCHMOCTH OT IPUPOJIBI U COZCPKAHUS OOMEHHOTO KaTHOHA.

D, MF/CM3)Z HNaA-BC=KNaA-BC< NaA-BC< MgNaA-bC< CaNaA-BC (0; 0; 1; 6; 7
COOTBETCTBEHHO);

D, MI‘/CM3)Z HNaX-BbC<CaNaX-bC<MgNaX-BC<KNaX-bC< NaX-bC (3; 9; 10; 23;
27; COOTBETCTBEHHO).

Takum 00pa3oM, B pe3yibTaTe MPOBEJCHHBIX UCCIICIOBAHUM, OblIa ITOKa3aHa BO3MOXK-
HOCTh OYUCTKH T'a30B OT CEPOBOAOPOJIA IPaHyIMPOBaHHBIMU LieosuTaMi A U X 6e3 CBs3ylo-
IIMX BEIIECTB B Pa3IMYHBIX KATHOHO-OOMEHHBIX (hOopMax.
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CLEARING OF NATURAL GAS FROM H,S
ON GRANULATED ZEOLITES A AND X BENDER FREE

LN. Pavlova, R.S. Ilibaev, B.I. Kutepov, A.B. Bodryj
- Institute of petrochemistry and catalysis of the Russian Academy of Science;
450075, RB, Ufa, pr. October, 141, ink@anrb.ru

The investigations directed on creation of highly effective perspective adsorbents for
industrial introduction on the basis of the granulated zeolites A and X bender free (A-BF, X-
BF) in processes desulfurization natural gas have been carried out.

Zeolites NaA-BF and NaX-BF with diameter 1,6 mm were synthesized by means of the
techniques developed in the laboratory of preparation of catalysts INK of Russian Academy
of Science. According to XRD the degree of a crystallinity of samples is close to 95,0 %.

Adsorption capacities on H,S (D, mg/sm”) of the synthesized samples were investigated
in a dynamic mode on a pilot equipment at pressure of adsorption of 40 atm, temperature of
22+25°C, volume loaded adsorbent was equal to 184 sm®, the linear speed of a gas stream was
of 0,2 m/s, concentration of hydrogen sulphide was in a range of 0,8+1,1 g/m’. Model gas
mixture consisted of CHy -91,4 %; C,Hg-3,8 %; C3Hg-0,7 %; C4H10-0,2 %; C0O,.3,0 %; N,.
08 %; HyS - 0,8+1,1 g/m®; H,0.0,12 g/m’?).

Gas mixture after adsorber was analyzed in order to find hydrogen sulphide. Experiment
was stopped when concentration of H,S I n the cleared gas reached the value of 0,007 g/m”.

For each adsorbent in work the series of values of adsorption capacities for H,S depend-
ing on the nature and the contents of exchange cation have been received.

D, mg/sm3): HNaA-BF=KNaA-BF< NaA-BF< MgNaA-BF< CaNaA-BF (0; 0; 1; 6; 7
accordingly);

D, mg/sm3): HNaX-BF<CaNaX-BF<MgNaX-BF<KNaX-BF< NaX-BF (3; 9; 10; 23;
27; accordingly).

Thus, as a result of the investigations performed, the opportunity of clearing the gases
from hydrogen sulphide by the granulated zeolites A and X bender free in various ion-
exchange forms has been shown.
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KATHOHOOBMEHHBIE ®OPMbI 'PAHY/JIMPOBAHHBIX IIEOJIATOB
A N X BE3 CBA3YIOIUX BEILECTB - CUHTE3 1 CBOUCTBA

B.U. Kyrenos*, 1.H. [TaBnosa*, O.C. TpaBKI/IHa*, P.C. Unubaes*, B.A. [lpo3nos**

*- Uncmumym nepmexumuu u xamanusa PAH
450075, Pb, e. Ygha, Ilp. Oxmabps, 41, ink@anrb.ru
** Unemumym npobrem nepepabomku yaneeo0opodos CO PAH, 644040, 2. Omck,
yi. Hepmesasoockas, 54.

AnicopOIMOHHAsT €MKOCTb, a TaKXXe CTa0MJIBHOCTbh NPH SKCIUTyaTallMd B LIUKIAX aj-
copOIus-1ecopOuns MEoINTCOICPXKAIINX aIcOPOCHTOB ONPEACISAIOTCS, B IIEPBYIO OYepelb,
tunoM (A mu X), $ha30Boi YHCTOTON U CTENEHBIO KPUCTAILTMYHOCTH COAEPKALIETOCS B HUX
LIEONINTA, IPUPOJION U COIEPIKAHUEM OOMEHHBIX KATHOHOB B MOJIOCTSAX IICOJIMTA, a TAKXKE Ia-
paMeTpamy UX BTOPUYHOI HOPUCTOH CTPYKTYPBL.

Panee [1] Hamu onyOIMKOBaHBI CBEJCHUS O HOBBIX CHHTE3aX aICOPOCHTOB, KOTOpHIE
MIPEACTABISIOT CO00# eanHble cpocTKU KpucTawioB 1eonutoB A (A-BC) mmu X (X-BC) B Na-
¢dopme. danHast paboTa SBISICTCS Pa3BUTHEM JTHX HCCICIOBAHHMN M MOCBSILICHA CHHTE3Y W
H3y4YeHUIO (PU3UKO-XUMHUUeCKHX cBOUCTB 11e0iuToB A-BC 1 X-BC ¢ pa3nu4yHbIMU CTENEeHAMH
o6mena katnoHoB Na' Ha karmonbl, K' o(nask), Li* o(nessti), H 0(nassi), Ca®' olNassca)s
Mg2+ U(NaMg) U La*" 0U(Na—La), HHPOpPMALIUS O TOIYYCHUU KOTOPBIX M UX CBOWCTBAX B JINTE-
parype, IpakTHYECKH, OTCYTCTBYIOT.

YcTaHOBJIEHO, YTO MAKCUMANIbHbIE CTENIeHH 0OMEHa YKa3aHHbIX BBIIIE KATHOHOB JIOCTHU-
raloTcs B Pe3ysbTaTe TPEX 0OMEHHBIX 06paboTOK B Ciieaylomux yenosusx: 70-90°C, ucxox-
Hasl KOHIIEHTpaIlus coyu B pactBope 70-80 1/71 1 u30BITOK BTOPOTO OOMEHHOTO KATHOHA.

O6napyxeno, 4yro B neoiutax A-BC m X-BC makcumainbHBIE 3HAYEHHS OUNa—K),
(NaLi)s OUNaoH)> OUNa—Ca)> OU(Na—sMg) B O(Na—sLa) PAIUYHBI U COCTABIIIOT JJIS LleosuTa A-
BC 0,63; 0,53; 0,59; 0,72; 0,45 u 0,50, a qusa neonmura X-bC 0,72; 0,61; 0,62; 0,81; 0,50 u
0,87, coorBeTcTBeHHO. YKa3zaHHbie Benmuunbl Ha 10,0-15,0% Hipke, ueM mpu oOMeHe B BbI-
COKOJIMCIIEPCHBIX 00pa3lax M3-3a HEJAOCTYIHOCTH YacTH BHYTPHKPHUCTAIUIMYECKOTO IIPO-
CTpaHCTBa B rpaHyJaX, KOTOPBIE MPEICTABILIIOT COOOM €MHBIe CPOCTKH KPUCTAIIIOB.

TTokaszano, uto B neonurax NaA-BC u NaX-BC paxke npu MakCHMaIbHBIX O(Na—K),
U(NasLi)s OUNa—H)s OU(NamsCa)s OU(Na—Mg) H ONa—La) COXPAHSIOTCS BBICOKHE CTCIICHH KPHCTal-
JIMYHOCTH, a TaKKe apaMeTpbl BTOPUYHON MOPUCTON CTPYKTYphI IpaHyI.

VYcranosneno, yro npu nonydeHnd HNa—dopmsr eonura A-BC co crenenbio ooMeHa
6omee 0,50 TepmoobpaboTkoit NH4NaA - (hopMbl MporcXOoaUT 3HAUUTEIbHAS aMopdu3arms
ero xpucrammueckoii pemerku. HNa—hopma neonuta X-bC mpu Tex xe 3HAYSHUAX O(Na—H)
Oosee ycrounBast.

Ha nonydennbix oOpasuax uzydena ancopb6bumsi monekyn H,O, CO,, H,S, u-C7Hi6 1
Ce¢Hg B craTHueckoM M JUHAMHYECKOM pPEXHMax. Y CTAHOBJICHBI 3aBHCHMOCTH KOJIHYECTBA
agcopbupoBannoro Beriectsa Ha Li, Na, K, H, Ca, Mgu La-popmax neonuro A-BC u X-BC.

YcranosneHo, uto y ueonuto A-bC u X-bC B pa3innuHbIX KATHOHOOOMEHHBIX (hopmax
IIpeAeIbHBIC aCOPONMOHHBIE EMKOCTH 10 YKa3aHHBIM BbIme ajncopbaram, Ha 10,0-15,0%
MEHbIIE, YeM Y BBICOKOJHUCIIEPCHBIX 00pa3IoB U3-32 HEJOCTYNHOCTH YaCTH BHYTPHKPHUCTAI-
JIMYECKOTr0 00beMa B TpaHyJIax.

JINTEPATYPA
[1] Matepuanst 14 BecepeccHiiCKOro CUMITIO3MyMa € Y4aCTHEM WHOCTPAHHBIX YUCHBIX. «AKTY-
aJbHBIC TPOOJIEMBI TEOPUH aJACOPOIHH, TOPUCTOCTU U ACOPOIIMOHHON CENEKTUBHOCTHY 26-
30 anpens 2010r. MockBa-Kinszma, M.H. ITaBnosa, b.11. Kyrenos, C.96.
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EXCHANGE FORMS OF GRANULATED ZEOLITE A AND X
THE BINDER-FREE (BF)- SYNTHESES AND PROPERTIES

B.I. Kutepov*, LN. Pavlova*, R.S. Ilibaev*, O.S. Travkina*, V.A. Drozdov**
*_Institute of Petrochemistry and Catalysis RAS;
450075, RB, Ufa, Pr. October, 141
***_Institute of Hydrocarbons Procesing SB RAS
644040, Omsk, Neftezavodskaya street, 54

Adsorptive capacity, and also stability at operation in cycles as adsorption-desorption
for the adsorbents containing zeolites are defined, first of all, by a type (A or X), phase purity
and degree of crystallinity of zeolite, the nature and the maintenance of exchange cations in
zeolite cavities, and also parameters of their secondary cellular structure.

Earlier [1] we published the data of new synthesis of adsorbents which represent uni-
form crystalline aggregates of zeolites A (A-BF) or X (X-BF) in the Na-form. The work pre-
sented developed these studies and was devoted to the synthesis and investigations of physical
and chemical properties of zeolites A-BF and X-BF with various extents of exchange cations
Na  to cations, K oU(Na—K)s Li o(Na—Li)s H oU(NaH)s Ca?* U(Na—Ca)s Mg2+ oU(Na—Mg) and La**
(Na—La), the information about these adsorbents and their properties is poor.

It has been established that the maximum extents of exchange of the cations pointed
above are reached as a result of three exchange treatings in following conditions: 70-90°C,
initial concentration of salt in solution is about 70-80 g/l and excess of the second exchange
cation.

It was revealed that in zeolites A-BF and X-BF the maximum values o(na—k), A(Na—Li),
0UNash)s OUNa—Ca), (NaMg) and ona—La) are various, so that for zeolite A-BS: 0,63; 0,53;
0,59; 0,72; 0,45 and 0,50, and for zeolite X-BS: 0,72; 0,61; 0,62; 0,81; 0,50 and 0,87, accor-
dingly. Indicated values on 10,0-15,0 % are lower, than that at exchange in highly dispersed
samples because of inaccessibility of a part of intracrystalline volume in granules which
represent a united crystalline aggregate.

It was demonstrated that in zeolites NaA-BF and NaX-BF even at maximum o(na—k),
UNasLi)y O(NasH)> OU(Na—Ca)s OUNa—Mg) and (na—La) the high degrees of crystallinity, and also
parameters of the secondary cellular structure of pellets were conserved.

It was established, that at reception of the HNa-form of zeolite A-BF with a degree of
exchange more than 0,50 heat treatment NH4sNaA - forms a significant amorphization of its
crystal lattice occurred. The HNa-form of zeolite X-BS at same values a (va_.1) Was found to
be steadier.

On the received samples the adsorption of molecules as H,O, CO,, H,S, n-C7N;6 and
CgHj in static and dynamic modes was studied. Dependences of quantity of adsorbate on Li,
Na, K, H, Ca, Mg and La-forms of zeolites A-BF and X-BF were found.

It was established that zeolites A-BF and X-BF in various exchange forms the limiting
adsorptive capacity for the adsorbates pointed above, on 10,0-15,0 % are less, than in highly
dispersed samples because of inaccessibility of a part of intracrystalline volume of granules.

REFERENCES
[1]- Materials 14 All-Russian symposiums with involvement of foreign scientists. «Actual
problems of the theory of adsorption, porosity and the adsorptive selectivity» on April,
26-30th 2010r. Moscow-Kljazma, I.N.Pavlova, R.S.Ilibaev, B.I.Kutepov, C.96.
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AKTHUBAIIMA NEOJIMTOB THIIA X JJIA AICOPBIHIUOHHOI'O PA3AEJIEHHUA
BO3JYXA

M.b. Anexuna, C.JI. Axnazaposa, 1.}O. ArronoBa, T.B. KonskoBa
Poccutickuii xumuxo-mexunonozuyeckuu yHusepcumem umeru [.1. Menoeneesa
125047, Mockea, Muycckas nin., dom 9; mbalekhina@yandex.ru

Ilpn ancopOumu Ha LEONUTaX pa3iIuyuus B aACcOpPOMPYEMOCTH a30Ta M KUCIOpoAa
0OYCIIOBJIEHBI TEM, UYTO KPOME JIHCHEPCHOHHBIX U HOJISIPU3ALMOHHBIX CHII IPOSBIISETCS
JIOTIOJTHUTENBHBIN BKJIA]] CIIELM(UISCKOT0 B3aUMOICHCTBUS KBAIPYIIONEH a30Ta M KHCIOopoia
C BHEKapKaCHbIMU KaTHOHAMHU LIEOJIUTA. B oTiM4Me oT a3ota MoJeKysa Kuciaopoaa odnagaer
CYIIECTBEHHO MEHBIIMM KBaJPyMOJbHBIM MOMEHTOM, M MO3TOMY BKJaa CIEHU(PHIECKOMH
COCTaBIISFOLIEH TIPH aCOPOLIMY KUCIOPO/IA Ha [IEOJIUTE B HECKOJIBKO pa3 HIKE.

Cpenu (akTopoB, BIMSIONMX Ha aJCOPOLIMOHHYIO aKTUBHOCTH LICOJMTOB IO a30Ty, B
IIEPBYIO OYepenb, CIeAyeT Ha3BaTh KOJMYECTBO KATHOHOB B IICOJUTE W MX JAOCTYITHOCTD JUIS
MoJIeKy ajgicopbara. JIoCTymHOCTh KATHOHOB ISl a[ICOPOLINK 3aBUCHT OT OCOOCHHOCTEH KpH-
CTAJUINYECKOH CTPYKTYpBI JJAHHOT'O THIIA LIEOJIHTA, a TAKXKE OT COJICPIKaHUs LIEOJTUTHON BOJIBI.
[MpucyTcTBrE BOABI B BO3JIyXe, MOCTYMAIOUIEM Ha pa3/ieliCHHE, OTPULATEIBHO CKa3bIBACTCS
Ha aJcOpPOLIMOHHON €MKOCTH U CEIEKTHBHOCTH a1cOpOeHTOB 110 a3zoty. OaHaKo, B IUTEPATY-
pe MMEIOTCs CBEJICHHS, YTO MOJIEKYJIbl BOJIbI, BBEJICHHBIC U3BHE B JETMAPATUPOBAHHBIH 11€0-
T X, BIUAIOT Ha afgcopOuuio N, MeHee CyIIEeCTBEHHO, YeM OCTaTOYHbBIE IOCHe JernapaTa-
LIMM MOJICKYJIBI BOJIbI, M3-3a T€TEPOreHHOCTH a/ICOPOIMOHHBIX HEHTPOB U Auddy3nuu Boabl B
neonure. Kpome Toro, Bo BpeMst JeruipaTaluy LEOJIUTa KaTHOHBI MOTYT CMEIIAThCs U3 TeX
MOJIOKEHHH, B KOTOPBIX OHHU OBUIM OKPY)KEHBI MOJICKYJIAMHU BOJBI, B MOJOXKECHHS BOJIM3U KHU-
CJIOpOJIa PeLIeTKH, HEAOCTYIHBIE Ul MOJIEKYJI a30Ta, B YACTHOCTH, B KYOOOKTadApbl U LIec-
TUrpaHHble NpU3Mbl. [103TOMY a1cOpOLHOHHBIE CBOWCTBA LIEOIUTOB MO 30Ty OYEHb CHIIBHO
3aBHCAT OT YCJIOBHH IPEABAapUTEIBHON MOJATOTOBKH (AQKTHBALMM) afACOPOCHTOB, KOTOpas
JIOJDKHA TIPOBOJUTBCS OCOOEGHHO TILATENBHO IEpe]l 3arpy3Koi aicopOeHTOB B YCTAHOBKY
pasjeneHus Bo3ayxa.

Lenplo aKTHBALMH SBISIETCS MIPUBEACHUE 1ICOJIUTA B COCTOSHUE, IIPU KOTOPOM OH IPO-
SIBJISICT JOCTATOYHO BBICOKYIO aKTUBHOCTB 110 a30TY, MUHHUMAJIbHYIO aKTHBHOCTB 110 KUCIIOPO-
JIy U IIPH 3TOM KOI(P(UIMEHT pa3zieNeH s CMECH a30T-KHCIOPOJ UMEET HauOOJBIIYIO BEJIH-
yuHy. [ToMCK ONTHMANBHBIX YCIOBHIl aKTHBAlMM OCYIIECTBIISUICS C MCIIOJB30BaHUS METOIA
IJIAHUPOBAHMS HKCIIEPUMEHTA. J[Jisi OLIGHKM BIIMSHUS HA MPOLECC Pa3leieHUus] CMECH a3o0T-
KHCJIOPOZ Takux (haKTOPOB Kak TeMIIeparypa, CKOPOCTh U MPOAOKUTEILHOCTh HAPEBAHUS,
COCTaB IMPOJYBOYHOTO Ta3a, UCIOIb30BaH CIOKHBIN IUIAH — MOJHBIA (DAaKTOPHBIN IKCIIEPH-
MCHT 2 N COBMeLL[eHHbII\/’I C OTHUM JIAaTUHCKUM KBaJIpaTOM.

IonyyeHHble 1O IUIAHY pE3yJbTaThl OBbUIM HCHOJIB30BAHBl ISl HMCCICIOBAHHS
[apaMeTPUYECKOH  YyBCTBUTEJIBHOCTH  BBIODAHHBIX  TEXHOJOTHMYECKHX  IIOKa3aTenei
(Brarocojiepkanue, EMKOCTb I10 a30Ty, EMKOCTB 110 KHCIOPOAY, KO3(DGUIIHEHT pa3eneHus) K
U3MEHEHHIO IITH  (PaKTOpOB, W OmpejeNicHUs KOMOMHALWHM 3Ha4YeHHil (akTopos,
00eCreunBaIOINX ONTHMYM IIOKa3aTeNlsi B MCCICJOBAHHOM JuanasoHe. B cBsi3m ¢
MPOTHBOPEUUBBIM BIMSHUEM (DAKTOPOB HA UCCIICIOBAHHbIE MTOKA3aTeIM B paboTe B KauecTBe
000OIIEHHBIX KPUTEPUEB Ui ONpPEACNICHUS ONTHMAJBHBIX YCJIOBHH  HCIIONB30BaHEI
CKaJSIpHBIA KpuTepuil ['‘epmeiiepa u paccTOsHHE [0 TaK Ha3bIBAEMOM yTOMUYECKOMN
(1aeanbHON) TOYKM — TOUKH B MPOCTPAHCTBE KPUTEPUEB, B KOTOPOH BCE YaCTHbIE KPUTEPUH
HMEIOT HaWIy4llike 3Ha4ueHus. B npescTaBieHHON paboTe ompeaeeHbl OnMOKN BEIOPaHHBIX
00OOIIEHHBIX KpUTEpPHUEB, UM TPOBeAEH (HAKTOPHBI aHAIW3 10 OSTHM KPUTEPHUSM,
MO3BOJISIOIIUIN ONPEASNIUTh ONTUMANIBHbIE YCIOBHS IIPOLIecca aKTUBALMU LIEOJIUTOB.
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ACTIVATION OF TYPE X ZEOLITES FOR AIR SEPARATION

M.B. Alekhina, S.L. Ahnazarova, 1.J. Antonova, T.B. Konkova
D.1. Mendeleev University of Chemical Technology of Russia
Miusskaya sq. 9, Moscow, Russia, 125047; mbalekhina@yandex.ru

Distinctions in adsorption abilities of nitrogen and oxygen at adsorption on the zeolites
are caused by the additional contribution of specific interaction of N, and O, quadrupoles
with the zeolite extraframework cations is shown. Unlike a molecule of nitrogen the oxygen
molecule possesses essentially smaller quadrupole moment, and consequently the contribution
of specific component at oxygen adsorption on zeolite is several times lower.

Among the factors influencing on adsorption activity of zeolites for Ny, first of all, it is
necessary to name the number of cations in zeolite and their availability to adsorbate mole-
cules. Availability of cations to adsorption depends on features of crystal structure of zeolite,
and also on the maintenance of zeolite water. Presence of water at air arriving on separation
negatively affects on adsorption capacity and selectivity of adsorbents for nitrogen. However,
in the literature there are data that the molecules of water entered from the outside in dehy-
drated zeolite X, influence adsorption for N less essentially, than residual water molecules in
zeolite after its dehydration. It is caused by heterogeneity of the adsorption centers and water
diffusion in zeolite. Besides, during dehydration of zeolite cations can be displaced from
those positions in which they have been surrounded by water molecules, in positions near to
the lattices inaccessible to N, molecules, in particular, in cuboctahedrons and hexagonal
prisms. Therefore the adsorption properties of zeolites for nitrogen depend very strongly on
conditions of their preliminary preparation (activation) which should be spent especially care-
fully before loading of adsorbents to air-separation installation.

The activation purpose is zeolite reduction in a condition at which it shows enough
high activity for nitrogen and the minimum activity for oxygen, thus the factor of nitrogen-
oxygen mix separation has the greatest size. Search of optimum activation conditions carried
out from use of experiment planning method. For an estimation of influence of such factors as
temperature, speed and duration of heating, structure of blowing-off gas on process of separa-
tion, is used a complicated plan — the full factorial experiment 2* combined with one Latin
square.

The results received according to plan have been used for research of parametrical
sensitivity of the chosen technological indicators (a moisture content, capacity on nitrogen,
capacity on oxygen, separation factor) to change of five factors, and definitions of a combina-
tion of values of the factors providing an optimum of an indicator in the investigated range. In
connection with inconsistent influence of factors on the investigated indicators in work as the
generalized criteria for definition of optimum conditions the scalar criterion of Germejera and
distance to a so-called utopian (ideal) point (points in space of criteria in which all private cri-
teria have the best values) are used. In the presented work errors of the chosen generalized
criteria are defined, and the factorial analysis by these criteria is carried out, allowing defining
optimum conditions of zeolites activation process.
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OTPULATEJIbHAS AACOPBLUA BOAOPOJIA U T'EJIUS HA HEOJIMTE CaA

H.A. DibrexoBa, FO.A. DnbprekoB
Yupeorcoenue Poccuiickoii Axademuu Hayx Hnemumym uzuneckoii xumuu u s1eKkmpoxumui
um. A.H ®@pymxuna, 119991 Mocksa, Jlenunckuii npocnekm 31, Poccus
E-mail: ninel-elt@yandex.ru

M3ydeHuio B3auMOJEHCTBUS TaKUX MPOCTHIX Ia30B KaK BOJOPOJ M I'efiuil ¢ IOBEPXHO-
CTBIO TBEPABIX TEJ MOCBSMICHO OOJIBIIOE KOJMYECTBO PA0OT. 3a MHOTHE T'OBI TEOPETHIECKUX
U SKCIIEPUMEHTAJIBHBIX MCCIIEN0BaHMIT ATOH MpobiieMbl ObUIN HaWIEGHBI MHOTHE BaXKHBIEC 3a-
KOHOMEPHOCTH TIOBEJICHUSI MOJICKYJI M aTOMOB 3THX ra30B Ha Mex(a3HO! rpaHuLe.

B nocnenuue roapl Xxpomarorpadus Halula MIXPOKOE MPUMEHEHHE KaK METOJ] OBICTpO-
IO M HaJIeKHOTO aHAIIM3a CIOXKHBIX CMecel, BKIIoYas aHaIn3 atMoc(epsl IIaHeT U OHOJIOTH-
YECKUX KUIKOCTEH — THAPOJIN3ATOB I'EHOMa YEJIOBEKa, a TAK)KE KaK METOJ| M3yUCHHUSI MEKMO-
JIEKYJSIPHBIX B3aUMOJICHCTBUI Ha MOBEPXHOCTH paszzena ¢as.

bonpime ycrnexu JOCTHTHYTHI B OnpejieneHuH K, - KOHCTAaHT ypaBHeHus I'eHpu, uc-

MOJIB3YEMBIX ISl ONUCAHUS (PU3HUECKON acOopOLMK MOJICKYJ B 00JIaCTH MaJIbIX 3aIlOJHEHHUM
OJIHOPOJHOM MOBEPXHOCTH YTIEPOAHBIX M KPEMHE3EMHBIX ancopOeHToB. B oTimunu ot Tpa-
JMIAOHHBIX (CTaTHYECKHX) METOJ0B M3YYCHHs aACOpPOIUH ra30B U MapoB B XpoMaTorpadu-
YeCKOM (IMHAMHYECKOM) METOJE MPOLIECC aJCOpPOLHU MPOTEKAeT B IOTOKE ra3a-HOCHTEI.
OOBIYHO B KQUECTBE TAKOT'O Ta3a UCHOJIB3YIOT TelIHid HIIU BOJOPOI.

B HacrosiiieM cooOrieHrH 00CyKACHBI PE3yJIbTaThl XPOMATOrpaguIecKoro uccieaoBa-
HUS agcopOiyy renus u Boxopoxaa Ha neosmre CaA npu 298 K B Toke aprona. 13 Bpemen
yIepXKUBaHUS TelIHA U BOIOPOa ObLIH ONpeneNneHbl 3HaUeHHs V), - yaepKUBaeMbIX 00BEMOB.

Benuuune! 7, - UCHPABIEHHBIX yAePKUBAEMBIX 0OBEMOB, paBHbie V, =V, —V, u K, ume-

0
JIM OTPHILATENBHBIC 3HAYCHHUS, YTO YKa3bIBACT HAa OTPHLATEIBHYI afcOpOLHI0 BOAOPOAA H
renusi B oToKe aprona Ha neonute CaA. BeluucieHbl 3HaUSHHUSI TOJTHOTO COJCPIKAHHS U KO-
5} bUIMEHTOB pacpeaeeHUsI TelHs U BOAOPOA MEXIy ABYMs (azaMu M M3MCHEHHS CBO-
OO/IHOM PHEPTUHU ATHX r'a30B MpH aacopobunu Ha neonute CaA.
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NEGATIVE ADSORPTION OF HYDROGEN AND HELIUM ON ZEOLITE CaA

N.A. Eltekova, Yu.A. Eltekov
Frumkin Institute of Physical chemistry and electrochemistry Russian Academy of Sciences,
119991 Moscow, Leninsky prospect 31, Russia
E-mail: ninel-elt@yandex.ru

The study of the interaction between the simple gas (hydrogen or helium) and solid sur-
face has been considered in many publications. As the results of these investigations the cru-
cial dependences have been founded for the behavior of gas molecules on the surface.

At present time the chromatography has found wide application not only as the analyti-
cal method for organic and biochemistry but as the method for the investigation of intermole-
cular interactions on the surface of solids.

The great success of gas-solid chromatography was obtained in determination of the
thermodynamics characteristics of physical adsorption of gases at the low extents of surface
coverage for carbon and silica adsorbents. In chromatographic column the adsorption process
has occurred in the flow of gas-carrier (or mobile phase for liquid chromatography). Hydro-
gen and helium are typical gas-carrier.

Here it has been considered the results of chromatographic study on adsorption of hy-
drogen and helium on zeolite CaA using argon as a gas-carrier at 298 K. Henry constants, dis-
tribution coefficients and values of Helmholtz energy changes were calculated from experi-
mental retention times. It was found that the flow-rate of hydrogen and helium in the zeolite
CaA column was higher than the flow-rate of gas-carrier (argon). It was shown that the ad-
sorption values and Henry constants have the negative signs. Argon molecules have filled the
zeolite channels and formed enough strong adsorption bonds with the adsorption centers. The
calculated distribution coefficients for adsorption isotherms of helium and hydrogen between
zeolite and bulk phase were less the unity. The changes of Helmholtz energy for these gases
at the adsorption on zeolite CaA at 298 K (argon is a gas-carrier) have the positive signs.
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BJIMSHUE TEPMOBAKYYMHOFI OBPABOTKH HA COPBIIMOHHBIE
CBOUCTBA CUJIMKAT'EJIEA, ITIOJYYEHHBIX 110 30JIb-T'EJIb METOLY (HA
OCHOBE T30C).

O.B. ®unucrees, A.B. lllapos, b.C. BopoHiios
640669, Poccus, 2. Kypean, ya. I'ocons 25, OY BIIO «Kypeanckuii 20cyoapcmeenHbiil yHu-
eepcumemy, E-mail: filisteev.oleg@gmail.com

B noxnaze mpencraBieHBl pe3ysbTaThl TEPMOIPABUMETPUYECKUX MCCICIOBAaHUN CO-
Jiep KaHust BOJIBI BO BCEX HMCCIIEyEeMbIX 00pa3iiax CHiIMKareaen (IIPOMBIIUICHHBIX U CUHTE3H-
pOBaHHbIX I10 30JIb I'€JIb TCXHOJ'IOFI/H/I) u M3mepeum‘/'1 TCIUIOT CMAa4YMBAHUS DTUX o6pa3u03 BO-
JIOH, 3TAHOJIOM, M30IPOIIAHOJIOM, OCH30JIOM U IIUKJIOTeKcaHOM. V3MepeHne Terior cMadnBa-
HUSI TIPOBOJIMITH TIPY TIOMOIIM KAJIOPHMETPa C aHH30TPOITHBIM JAaTYUKOM TEILIOBOTO ITOTOKA.
B oTiunume oT TpaJAMIIMOHHO MIPUMEHSEMOro MUKpoKajgopuMerpa Tuma Kanbse, B JaHHOM Ka-
JIOPUMETpPE ISl I3MEepeHHs OepyTCsi HeOOJbIINE KOJIMYecTBa BemecTs i u3mepenust (0,2 r
agcopbenra Ha 0,8 MJI cMaYMBarOLIEH KHUIKOCTH), O1aroapss 4eMy MCKJIFOYaeTCsl MeXaHH4e-
CKOE IMepeMEIINBaHNE CYCIICH3UN U CHU)KACTCS BIMSHHUE IPUMECeH B XKHJKOCTH Ha TOYHOCTb
JKCIIepHMeHTa. B paboTre ompezesieHbl ONTUMANIBHBIC YCIOBHS JUIs M3MEPEHHS TEIUIOT CMa-
YMBaHMS: pa3Mep 4acTUI] CMaYMBAEMOTO BELIECTBA M €r0 HEOOXOAMMOE KOJIMYECTBO H IOKa-
3aHa BO3MOKHOCTBH HMCIIOJIb30BAaHHSI JJAaHHOTO KAJIOPUMETpPa JUIS TOJTyYeHUs] KOPPEKTHBIX, XO-
POILIO BOCIIPOU3BOAMMBIX 3HAYCHHUIT TEIIOT CMauUBAHHSI.

INapamnenbHble TEpMOrpaBUMETPHYECKUE UCCICIOBAHMS COIEPKAHUS BOJBI B 0Opasiie
Y W3MEpEHHUs TEIUIOT CMAYMBAHUS IO3BOJMIM ONPEICIUTh TEMIIEPAaTyPHBIC MHTEPBAIIBI Jie-
THAPATALMU U IETHAPOKCHINPOBAHUS TOBEPXHOCTH cUiMKareneid. ONUCaHHbIe pe3yJIbTAThI
M3MEPEeHNUs TEIJIOT CMaYMBaHMsl XOPOILO COTJIACYIOTCS C pe3y/IbTaTaMH HCCIICIOBAHUS BIIUS-
HUSI TEPMOBAaKyyMHOW 00paboTKu Ha opMy M30TEepM COpOLMH TapOB BOJBI M CIIUPTOB. DTOT
(haxT CIIy)KUT MOATBEPIKACHUEM 3aMETHOTO BIIMSHHUS COCTaBa TUIPATHO-THAPOKCHIBHOTO TO-
KpOBa CHJIMKArelsieil Ha UX COpOLIMOHHbIE CBOMCTBA.

TewmmepaTypHble MHTEPBAIIBI IETHAPOKCHIMPOBAHUS CHIIMKAreliell CMEIaloTcs B CTO-
POHY MEHBIIHNX 3HAYCHUI TEMIIEPATYp, 0 CPABHCHUIO C TAKOBBIMHU ISl KBApIla U HAXOISTCS
B NPSIMOM 3aBUCUMOCTH OT BEJIMYHMHBI pajguyca nop. C yMEHbIICHHEM I; CMEIICHHE TeMIepa-
TYypHBIX HMHTEpPBAJIOB BO3pACTacT, YTO BEPOSITHO, CBS3aHO CO COJMIXCHUEM CHIIAHOJBHBIX
rpymn BHyTpH mop. TeMneparypHbie HHTEPBAIIbI JETHPATAIMH HATPOTUB CMEIIAIOTCS B CTO-
poHy OoJjiee BBICOKHX TEMIIEpaTyp MO CPABHEHHUIO C KBAPLIEM, YTO MOXKHO OOBSCHHUTH YBEIHU-
YEHUEM aJICOPOIMOHHOTO MOTEHIMANA YCP/KUBAIOLIET0 BOLY BHYTPH ITOP.
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INFLUENCE OF THERMOVACUUM HANDLING ON SORPTION PROPERTIES
OF THE SILICA GELS RECEIVED ON SOL-GEL METHOD
(ON THE BASIS OF TEOS)

O.V. Filisteev, A.V. Sharov, B.S. Vorontsov
640669, Russia, Kurgan, Gogol's 25 street,
GOU VPO «Kurgan state university» E-mail: filisteev.oleg@gmail. com

In the report outcomes of thermo-grav researches of water content in all investigated
samples of silica gels (industrial and synthesised on sol gel method) and measurements of
wetting heats of these samples by water, ethanol, isopropyl alcohol, benzol and cyclohexane
are presented. Measurement of wetting heats made by means of a calorimeter with the aniso-
tropic transmitter of a heat flux. Unlike traditionally applied microcalorimeter of Kalve type,
in the yielded calorimeter for measurement undertake small amounts of substances for mea-
surement (0,2 g of adsorbent on 0,8 ml of a moistening liquid) thanks to what mechanical agi-
tating of suspension is excluded and drop influence of impurities in a liquid on accuracy of
experiment. In work optimum conditions for measurement of wetting heats are defined: Par-
ticle size of moistened substance and its necessary amount the possibility of use of the yielded
calorimeter for deriving of correct, well reproduced values of wetting heats also is shown.

Parallel thermo-grav researches of water content in the sample and measurements of
wetting heats have allowed to define temperature bands of dehydration and dehydroxilation of
a silica gels surface. The described outcomes of measurement of wetting heats will well agree
with outcomes of research of influence of thermovacuum handling on the form of sorption
isotherms of water vapour and alcohol. This fact serves as acknowledgement of appreciable
influence of composition of hydrated-gidroxo cover of silica gels on their sorption properties.

Temperature bands of dehydroxilation of silica gels are displaced towards smaller val-
ues of temperatures, in comparison with those for quartz and are in direct association on mag-
nitude of pore width. With reduction r, displacement of temperature bands increases, that is
probable, is connected with coming together silanol groups in pores. Dehydration temperature
bands are opposite displaced aside more heats in comparison with quartz that it is possible to
explain magnification of the adsorptive potential keeping water in pores.
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AJICOPBIUA AHETOHUTPUIA HA ®TOPUPOBAHHBIX JINO®OBHbIX
KPEMHE3EMAX C PA3JIMYHOM IMJIOTHOCTHIO MPUBUBKH

O.I1. TKaquKo*, JLM. KYCTOB*, H.K. LHOHI/ISI**, M.C. J'IaryTOBa**, 0.41. TaSIKI/IHa**,
T.M. Poumna
¥ Unemumym opeanuueckoii xumuu um. H J]. 3enuncrkozo PAH, 119991 Mocksa,
Jlenunckuit npocnexm, 0. 47
** Mockosckuii 2ocydapcmeennblil yHusepcumem um. M.B. JlomoHocosa,
Xumuueckuil paxyiomem
E-mail: ot@ioc.ac.ru; nkshonija@rambler.ru; 2474747 @mail.ru

B pabore npezcTaBieHbl pe3ysbTaThl HCCIIEIOBAHUS CBOWCTB MOBEPXHOCTH KPEMHE3e-
MOB, MOAM(UIUPOBAHHBIX MOHOGYHKIMOHAIBHBIMU CHJIAHAMH C Pa3HBIM YHCIOM aTOMOB
(hTOopa B NPUBUTOM pajiKaie U ¢ pa3HONH KOHLEHTpaLUel NPUBUTHIX TPy (Tabiuua), MeTo-
namu MK-criekrpockonuu nuddy3Horo orpaxkeHus u ra3oBoii xpomarorpaduu (I'X). B xage-
CTBE OCHOBHOTO TECTOBOIO COEJMHEHHMH MCIIOJb30BalU AlETOHUTPUII, MOJIEKYIa KOTOPOIo
crnocoOHa K 00pa30BaHUIO CPAaBHUTENBHO MPOYHBIX BOJOPOIHBIX CBSI3€H M CHIBHOMY dJIEK-
TPOCTaTHYECKOMY B3aHMOJEICTBHIO, HO ClIaboMy IHCIepcHOHHOMY. IIpenmonaraercs, 4ro
aIleTOHUTPUII IOJDKEH 3aMETHO pearupoBaTh KaK Ha HAIM4Ue AOCTYIHBIX JUIL afcopOIuM oc-
TaToyHblX OH-rpynm Ha NOBEPXHOCTH, TAK M Ha CTPOSHUE IIPUBUTOTO MOJISPHOTO paJiiKaa.

Tabnuua. O603HaUCHUS ¥ XapaKTEPHCTUKU 00pa3LoB (KOHIIEHTPAIUS IPHUBUTHIX TPYIII
(C, Bv™), KoHIIeHTpauwus aToMoB ¢ropa (Ng, HM ), yaenbHas OBEPXHOCTD (Syy, M)

Ob6pazen Moaudukarop C Np Svn
C4Fo(2) CISi(CH3)2(CH;),(n-C4Fq) 1.7 15.3 92
CeF13(2) CISi(CHz)2(CHz)a(n-CgF13) 1.1 14.3 93
CF; CISi(CHj3),(CH,),(CF3) 2.0 6.0 95
CsF; CISi(CHj)2(CHz)3(n-C5F7) 24 16.8 84
CéFi3 CISi(CH3)2(CH,);(n-CoF13) 2.1 27.3 82

ITokasano, uto B UK-ciekrpax GropkpeMHE3eMOB, HE3aBUCUMO OT IJIOTHOCTH ITPUBUB-
KM, OTCYTCTBYIOT TIOJIOCHI IIOTJIONICHUS (I.II.) CBOOOJHBIX CHJIAHOJBHBIX Tpymnm. B
UK-criekTpax (hTOPKPEMHE3EMOB ¢ HEBBICOKOH mioTHOCThI0 mpuBuBki (1.1 — 1.7 um?) B
paiione BaneHTHbIX Konebanuii OH-rpynn Habmaromaercst mosioca npu 3705 em’, aB paifone
COCTaBHBIX TOHOB — Tojioca npu 4528 oM, oTHOCSIMEC K KOTEOAHMIM BO3MYILIEHHBIX BO-
nopoanoit cs3bio OH-rpynm. Ipu ancop6buuu CD3CN B MK-cnekTpe mosiBisioTes ILIL, Xa-
paxrepusie st C=N BaneHTHbIX KoneGanuii (2270-2273 cm™') B Monekyne CDsCN, azcop-
OMpOBaHHOW Ha KUCIIOTHBIX LEHTPaX. JTH LEHTPHI 00JaatoT cl1aboi KUCIOTHOCTBIO: TONy-
60#1 caBur m.a. C=N npu ancopOuMu alleTOHUTPUIAa Ha HUX cocTtaBisier 17-20 e’ 1o cpaB-
HEHHIO C ILIL B ra3oBoil (ase (2253 cm™'). Ananms UK-crieKTpoB 5THX (TOPKPEMHE3EMOB
HPUBOJHT K BBIBOAY O TOM, 4To criia BKI] Ha HUX MpakTHYeCKH OMHAKOBAs: KPACHBIN CIIBUT
.a. pu 3705 em”' cocraBmster 279-282 em™. B citydae (TOPKPEMHE3EMOB C BBICOKOM TUIOT-
HOCTbIO mpuBHBKH (2.0 —2.1 HM?), GIM3KOH K «IpEACIBbHOI», KPACHBIA CHBHT ILIL
OH-rpymm nipn azgcopbimu CD;CN mmke (240-242 cv’™'). Crenoarensio, OH-rpymimst His-
KOTUIOTHBIX 00pa3ioB 001aaaroT OosblIel aacopOIHOHHON aKTHBHOCTHIO MO0 OTHOIICHHIO K
ALCTOHUTPUITY, YEM BBICOKOIUIOTHBIX, YTO COIVIACYETCs C pE3yJibTaTaMH I'X OKCIICPUMCHTA: B
LIMPOKOH 00JIaCTH TEMITepaTyp BEIMYUHBI aJCOPOLIMH AllETOHUTPUIIAa YMEHBILIAIOTCS B PAAY:
CeF13(2) = C4F9(2) > CF3 > C3F7 = CgF3.

208



ADSORPTION OF ACETONYTRILE ON FLUORINATED LYOPHOBIC SILICAS
WITH VARIED GRAFTING DENSITY

O.P. Tkachenko*, L.M. Kustov", N.K. Shoniya**, M. S. Lagutova**, 0.Ya. Tayakina**,
and T.M. Roshchina™"
*N.D. Zelinsky Institute of Organic Chemistry RAS, 119991 Moscow, Russia
** M.V. Lomonosov Moscow State University, Department of Chemistry, 119991 Moscow,
Russia
E-mail: ot@ioc.ac.ru; nkshonija@rambler.ru; 2474747 @mail.ru

The surface characterization of silicas modified with monofunctional silanes contained
different amount of fluorinated organic compounds was studied by diffuse reflectance infrared
Fourier transformed spectroscopy (DRIFT) and gas chromatography (GC). The probe mole-
cule CD3;CN was used for the acid sites characterization. Because acetonytrile forms relatively
robust hydrogen bonds and capable to strong electrostatic but low dispersive interaction it was
supposed that CD3;CN will response to presence of accessible residual OH-groups and grafted
polar radical structure as well.

Table. Samples description and parameters (grafted groups (C, nm™) and fluorine atom (Np,
nm’?) concentrations, and specific surface area (S, m*/g))

Sample Modifier C Ng S
C4Fo(2) CISi(CH3)2(CH,)2(n-C4F9) 1.7 15.3 92
CeF13(2) CISi(CH3)2(CHz)a(n-CoF13) 1.1 14.3 93
CF3 CISi(CHs3)2(CH»)2(CF3) 2.0 6.0 95
CsF; CISi(CH3)2(CH,)3(n-C5F7) 2.4 16.8 84
CeF13 CISi(CHs3)2(CHz)3(n-CgF13) 2.1 27.3 82

IR study shown the lack of bands characteristic of free silanols independent on grafting
density and presence of bands at 3705 and 4528 cm™ belong to stretching and composite vi-
bration of OH-groups disturbed by hydrogen bond on the surface of fluorinated silicas with
low grafting density (1.1 — 1.7 nm™®). CD;CN adsorption on acid sites results in the rise of the
band at 2270-2273 cm™ attributed to C=N stretching vibration. These sites possess low acidity:
blue shift of above cited band is 17-20 cm™ as compared to gas phase (2253 cm™).

In addition it was found that the strength of BAS on the surface of these samples is
identical: the band at 3705 cm" shifted on 279-282 cm™ to lower wave number after CD;CN
adsorption. At the same time acetonytrile adsorption on the surface of fluorinated silicas with
high (near limited) grafting density (2.0 — 2.1 nm™) results in lower red shift of OH-band
(240-242 cm™).

Therefore OH-groups of silicas with low grafting density possess higher adsorption ac-
tivity to CD3CN than silicas with high grafting density. IR data are agreed with GC data indi-
cate that CD3;CN adsorption value (in wide temperature range) decreases in series:

C6F13(2) ] C4F9(2) > CF; > C3F; ~ C¢Fs.
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PA3PABOTKA KOMIIVIEKCHOI'O COPBEHTA HA OCHOBE
MOHTMOPHJIVIOHUT COJEPKAIIEU I'/IMHBI

A.U. Besernes, H.A. Bonosuuesa, C.B. Koponskosa, H.®. [Toromapesa, B./l. ByxaHos,
E.A. ConoBbeBa
HUY «benzopoockuii cocyoapcmeennwiii ynugepcumemy, 308015, 2. beazopoo,
ya. [lobeowl, 85, E-mail: vesentsev@bsu.edu.ru, nataliavolovicheva@gmail.com

Pa3pabotka 3 (eKTHBHBIX KOMIUIEKCHBIX COPOLMOHHO AaKTHBHBIX IIPEHapaToB Ha
OCHOBE TPHPOJHBIX MAaTEPUANOB B HACTOSIIEE BPEMS SBISETCS HEPCHEKTHBHBIM HAY4HBIM
HanpapJeHHEM, HMEIOLIMM TaK)XKe CYIECTBEHHOE MPaKTHYHOE 3HayeHue. Hacrosias pabora
HANpaBlieHA HAa HW3YYEHHE BEIIECTBEHHOIO COCTaBA W COPOLMOHHBIX XapaKTEPHUCTHK
MOJyYeHHOH HaMM I[MHKOBOM (pOPMBI HAHOCTPYKTYpPHOIO MOHTMOpWIUIOHHWTA. B KauectBe
MaTpULbl [P MOJU(HIUPOBAHKU HCIOJB30BAIM IPUPOAHYIO TJIMHY MECTOPOXKICHHS
IMonsua Benropoackoii obmactu. [1o MUHEpaIOrHYeCKOMY COCTaBy BBIOPAHHYIO B KauecTBeE
CHIPBEBOIO MaTepHaja TIJIMHY MOXHO KJIACCH()ULIUPOBATh KaK MOJMMHHEPATIBbHYIO C
npeobaaroneil MOHTMOPUIIOHUT-THAPOCIIONMCTON COCTaBIIsIOIIeH. JoCTaTOUHO BBICOKOE
conepkanne okcuaoB Kampmus (5,53 macc. %) m xenesa (5,81 macc.%) ykaspBaeT Ha
HNPUCYTCTBHE KaJbLUH-XKENE3UCTOH (OpPMBI MOHTMOPHIUIOHUTA B COCTaBE IIMHBL. B KauecTse
MOAU(HUIMPYIOIINX areHTOB HCIIOIb30BaHbI XJIOPH U Cyibdar 1uHKa. [Ipouecc 06paboTku
IJIMHBI 3aKJTI0YANCS B BO3JCHCTBHU Ha TBEPJOE BELIECTBO PAcTBOPOM CONHU (COOTHOIICHHE
riuHa : Mogubumpyiomit arent (Me”") coctasmsier 10 : 1), K TOCTOSHHOM TepeMeIIHBAHHK
W HarpeBaHWH B TedyeHHe 3 vacoB. 10 OKOHYAHHHM TpoLECcca FOTOBBIA MPOIYKT OTMBIBAIHA OT
cynbgar- Iub0 XIOPUI-HOHOB, BBICYIIHBAIM, M3MENbYAIH U HUCHOJIb30BAIM JUIS JAJbHEHIINX
UCCIEIOBaHUH. MeToqaMn  pEeHTTeHOCHEKTPAJIbHOTO U DHEProAMCIEPCHOHHOTO  aHAJIN30B
BBISIBIICHO, YTO TPH 00paboTKe TIJIMHBI MPEUIOKEHHBIM CII0oco0oM conepkanie ZnO B
obpa3sue cocrapisieT nopsiaka 15 macc. %. M3HauanbHO B XMMHYECKOM COCTaBE MPUPOIHOTO
obOpa3ua okcuga IUMHKa He Obuto. [lpu  aHanm3e PEHTIeHOBCKMX — HMOPOIIKOBBIX
nudpakTorpaMM M AJIEKTPOHHBIX MHUKPO(OTOrpaduii yCTAaHOBICHO HAIUYHE XapaKTEPHbBIX
$haz3 B MHHEPAIOTMYECKOM COCTaBe MOAU(HUIMPOBAHHOTO o00pasla, a HMEHHO:
MOHTMOPHWJUIOHHTA, KBaplid, MYCKOBHTA, KaJblUTa, FelaHANTAa. DTO CBHIETEIBLCTBYET O
COXPaHCHHU MUHEPAJIOTHYECKOr0 COCTaBa B IIPOLECCe CONIEBOIT 00pabOTKH.

Ilpn wu3ydyeHHH COpPOLMOHHBIX CBOWCTB MOAM(UIMPOBAHHOTO Ipemapara Io
otromenno k uonam Fe’', Cr'" m Cu®" ycraHoBueHO, uTO pa3spaGOTAaHHBI MaTepual
CIOCOOCH OYHMINATH MOJIECIBHBIC BOJHBIC PACTBOPHI OT HOHOB YKa3aHHBIX TSKEJIBIX METAILIOB
Ha 92 — 94% yxe B mepBble 3 MUHYTHI SKCIIEpUMEHTa (HadanbHasi KOHIEHTpanus noHos 0,1
MMoib/n). K moauduuupoBaHHoi Zn-popMe INIMHBI OIpeleleHa UYyBCTBUTEIbHOCTh
KUILIEYHOW TIaJlOYKH, CaJbMOHEI M cTaduiIokokkoB. Ha OCHOBaHHMHM IPOBEICHHOTO
WCCIIeJOBAHUs TIOKa3aHO, 4TO I[MHKOBas (opma copbenTa B KoHueHTpauuu 100 u 50 mr/mu
COOTBETCTBEHHO LIMHO JCHCTBYET Ha SIIepHXUil U canbMoHe/1. Ha craguiiokokku paHHas
(hopma copOeHTa OKa3bIBajIa TOJIBKO OAKTEPUOCTATUUECKOE CHCTBHE.

Taxum o0Opa3zom, pa3paboTaHHas HUHKOBas GOPMbI MOAU(UIIMPOBAHHONW MOHTMOPHJI-
JIOHUT COJieprKalieil TIuHbl 00J1a1aeT KOMIUICKCHBIM COPOIMOHHBIM JeiicTBreM. [Ipeiarae-
MEIH TIperapaT MO3BOIISET He TONBKO CHIDKATH KOHIerTparuio nonoB Fe*', Cr'" u Cu?', no n
obsagaer 0AaKTEPUOCTATUUECKUM JICHCTBHEM, B TOM YHUCIE MPEHSTCTBYET (UKCALMU KUILEeY-
HOH NaJOYKH Ha SMHUTEIHATBHBIX KIIETKaX (He OMyCKas UX JalbHEHIIEro pa3MHOKCHHS).

Paboma evinonnena ¢ pamxax LI «Hayunvle u Hayuno-nedazoeuyeckue Kaopvl UHHO-
sayuonnou Poccuuy wna 2009-2013 2., coc. xommpaxmur Ne 16.740.11.0340 u
Nel6.740.11.0168.
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REMOVAL OF HEAVY METALS IONS FROM WATER WITH
ADSORPTIVE MEMBRANES

1.V. Melnyk, R.P. Pogorilyi, V.M. Kochkodan, Yu.L. Zub
Chuiko Institute of Surface Chemistry, National Academy of Sciences of Ukraine,
17 General Naumov str., Kyiv 03164 Ukraine e-mail: zub_yuriy@jisc.gov.ua

Faced with more and more stringent environmental regulations, nowadays heavy met-
als are the priority pollutants of surface and ground waters. Water contamination with these
compounds is becoming one of the most serious environmental problems because of the toxic
nature of the heavy metal ions, even at low trace levels. Many heavy metal ions, such as mer-
cury, cadmium, lead, nickel and chromium, are known to be very toxic or carcinogenic. Many
methods that are being used to remove heavy metal ions from water include chemical precipi-
tation, ion-exchange, adsorption, flotation, etc. However, very often these methods are not
cost effective and contribute to other problems such as sludge disposal and extra chemical in-
jection. Therefore, the development of novel efficient technologies for surface, ground and
wastewater purification from heavy metals is still urgent problem.

In order to treat better the diluted streams containing heavy metals, membrane separa-
tion, particularly reverse osmosis (RO) may be used. However RO membranes are not selec-
tive and do not permit the selective removal of a target species from complex polycomponent
aqueous solutions. Additionally RO membranes characterize with low water fluxes and con-
sumes a significant amount of energy due to the dense polymer structure of these membranes.
Membranes with larger pores, such as microfiltration and ultrafiltration can provide higher
water fluxes, but these membranes usually do not have the capability to retain metal ions be-
cause the pore sizes of these membranes are too large and the surfaces of the membranes are
inert.

In this study novel adsorptive ultrafiltration membranes capable of selective binding of
heavy metals (Hg, Cd, Ag) were prepared via deposition of selective layer of functionalized
nanoporous silica on the surface of microfiltration Al,O; based membranes. Using this ap-
proach the special binding sites capable of efficient selective binding of target ion species
were formed in the nanoporous silica layer. The degree of membrane modification was calcu-
lated from the difference in weight between the modified membrane sample with the depos-
ited silica layer and the initial sample.

The modified membranes with different degrees of modification were obtained at various
conditions of synthesis of functionalized nanoporous silica layer. The selective properties of
obtained membranes were evaluated by measuring their ability to bind heavy metals ions
from aqueous solutions. The filtration experiments were carried out using a special designed
experimental membrane cell. 0.01-0.02 M aqueous solutions of heavy metals were pumped
through the cell under the operation pressure of 0.01-0.05 MPa. Sorption values were evalu-
ated from the difference in solute concentration between the permeate and the feed probes.
The concentration of heavy metals in the probes were determined with atomic-adsorption
method.

The procedure of preparation of composite adsorptive membranes was optimized using IR
spectroscopy, BET and scanning electron microscopy data. It was shown that under optimal
conditions the developed membrane samples capable to high specific binding (up to 90-95%)
of target heavy metals from water.

The authors expressed gratitude to SFFR of Ukraine (Project No F41/104-2011) for the
financial support of the research.
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YCTOMYUBOCTH CYCHEH3UM IMTUHACTHIX MUHEPAJIOB HEKOTOPBIX
MECTOPOXJIEHUI UPKYTCKOM OBJIACTH

A.A. SIxoBnesa, Bo [ait Ty
Hayuonaneuwiil uccnedosamenvckuii Upkymcekuii 20Cy0apcmeentblil mexHuYeCcKull yHueep-
cumem, 664074, 2. Upxkymck, ya. Jlepmonmosa 83

ayakov@istu.edu

I'MuHBI ABISIOTCS CHIPHEBOM 0a30i AJIS MPEINPHATHI MHOTHX BHJOB NPOMBINUICHHOCTH. B
HpkyTckoil 001acTH pacrosiararoTcsi MOYTH BCE BHIbI IVIMH: JETKOIUIABKHE, TYTOIUIAaBKHUE,
or’eynopHsie u ap. HecMoTps Ha mMpoKoe MPUMEHEHHUE, STH TIIMHBI MaJl0 UCCJIEOBaHbI C
TOYKH 3PEHHS KOJUIOMJHO-XMMHUUECKUX XapaKTEPUCTHK, HE OIICHCHA B3aUMOCBS3b MEXIY yC-
TOWYMBOCTBIO X CYCIICH3UI 1 OCOOCHHOCTSIMU KPHCTAUINYECKOT0 CTPOSHHUSI MUHEPAJIOB.
Llenb paboThI — HCCleJOBaHHE BIMSHHUS HEKOTOPBIX AJIEKTPOJIUTOB HA YCTOHYMBOCTD BOJHBIX
MOJIUMCIEPCHBIX CYCIIEH3UH INIMHUCTBIX MUHEPAJIOB, PAcIoIoXKeHHbIX B MpKyTckoit obnac-
TH: KaoumHAT Hukonbeckoro mecropoxxaenust (HM), kaoauHUT ¢ HEOONIBIINUM COJEpIKaHUEM
MOHTMOpHIUTOHNTA TporikoBckoro mecropoxacuust (TM), cMemaHOCIORHBIH MOHTMOPHII-
JOHUT-MYCKOBHUT CitoastHCKOTO MecTopoxienus: (CM).
[opor koarymsmuu (y) 3JIEKTPOJIUTOB OIpPEJENICH BU3yalbHO MO OOpa30BaHMIO XJIOIBEB B
cycrneH3usx (tabm.).

Tabnuya - 3navenus nopoza Koazynayuu

mmsa Y, MMOJIB/JT IMokasarens cTeneHu
Na,S0;4 MgSO,4 Al(SOy; | a(y~1/2%
TM (fapeg = 500 1) 2,500 0,350 0,018 4,44
HM (Fepex = 550 HM) 2,250 0,550 0,005 5,29
CM (tcpen = 230 HM) 7,936 0,317 0,014 5,76

DHeprusi B3auMOACHCTBUSI MEK/IY ABYMSI YAaCTHUI[AMHU TJIMHUCTBIX MUHEPAIOB B 3aBUCHMOCTH
OT MX PacCTOSHUS B Pa3HBIX AWUCIEPCHBIX CHCTeMax paccyuTana ro teopun JJIDPO, B yact-
HOCTH, TIOKa3aH npumep Jurs 9acTul] kaonuHura HM npu no6asnennn Na,SO4 ¢ pa3HOil KOH-
LIEHTpaIHeH.

U-10®, J

40 50 60

Puc. Kpussle sHepruu B3anMOACUCTBUS YacTHIl KaonuHuTa HM mipu pa3HBIX KOHIIEHTPALHUIX
Na2504

Tur KprCTAIUIMYECKOH PEIeTKH MUHEPAJIOB U ANUCIIEPCHOCTD BIIHMAIOT HA YCTOHYMBOCTH CYC-
neH3uil. M3yueHo BIUsIHUE KOHIIEHTPALUH JIEKTPOJINTOB U BUJIa IPOTHBOMOHA: AT BCEX TH-
TIOB TJIMH C IOBBIIICHUEM KOHIICHTPAIUHU 3JIEKTPOJIMTOB YCTOWYUBOCTD CYCIICH3UH MOHIKA-
eTcs, TIPH 3TOM NOTCHIUAIbHbIE KPUBBIE PHEPIHU IS TOPOTOBBIX KOHICHTpPALMN KOAaryJu-
PYIOLIMX HOHOB PacHoJIaraloTcsl HWXKE, HO BCE-TaKH B MOJOXKHUTEIbHOI obOnacti. Hanbosns-
11ee BIMSHUE Ha yCTOHYMBOCTD CYCIICH3HMH OKa3bIBaeT KATHOH alFOMUHHUS.
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THE STABILITY OF CLAY MINERAL SUSPENSIONS BASED ON SOME
DEPOSITS OF THE IRKUTSK REGION

A.A. Yakovleva, Vo Dai Tu
National research Irkutsk state technical university, 664074, 83 Lermontova st., Irkutsk city
E-mail: ayakov@istu.edu

Clays are raw materials for many branches of industry. Almost all kinds of clays can be found
in Irkutsk region as low-melting, high-melting, refractory, etc. In spite of wide application of
Irkutsk region clays, they have not been popularly studied in viewpoint of colloid-chemical
characteristics; the interaction between stability of their suspensions with the peculiarities of
their crystal structure has not been investigated.

The aim of our work is to study the influence of some electrolytes on the stability of aqueous
polydisperse suspensions of clay minerals located in the Irkutsk region: kaolinite of Nikolsky
deposit (NK), kaolinite with a low content of montmorillonite of Troshkovsky deposit (TK),
mixed-layer montmorillonite-muscovite of Slyudyansky deposit (SMM).

The critical coagulation concentration (c.c.c.) of electrolytes was determined visually by the
formation of flakes in the suspensions (Table).

Table — Critical coagulation concentration of electrolytes

Clay c.c.c., mmol/l Exponent a
Na,SO4 MgSO, Aly(SO4)3 (y~1/z%
TK (tave = 500 nm) 2.500 0.350 0.018 4.44
NK (rave = 550 nm) 2.250 0.550 0.005 5.29
SMM (Fave = 230 nm) 7.936 0.317 0.014 5.76

The interaction energy between two particles of clay minerals depending on their distance in
various dispersed systems was estimated according to DLVO theory. In particular, the interac-
tion energy of NK particles in sodium sulfate media was given (Fig.).
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Fig. The interaction energy curves of NK particles in sodium sulfate media

The type of crystal lattice of minerals and the dispersibility affect the stability of suspensions.
The influence of electrolyte concentration and type of counterion were studied: for all kinds
of clays, the stability of suspensions decreased when increasing electrolyte concentration, and
the potential energy curves for the critical coagulation concentration were lowest, but they
were still in the positive area. The aluminum cation has the greatest influence on the stability
of suspensions.
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OCOBEHHOCTH TEKCTYPHBIX XAPAKTEPUCTUK KPEMHE3EMOB, I10J1Y-
YEHHBIX B IEPEMEHHOM MAI'HUTHOM IOJIE 30JIb-I'EJIb METOAOM

O.A. Kamams', A.B. Crenansn’, A.B. CaprcaHZ, B.A. CapKeSI/IHHl, T.O. Kamans'
IEpeeaHCKuﬁ 2ocyoapcmeennvlil yHusepcumem, Apmenus, 0025 Epesan, yn. A. Manykana 1
2 Apyaxcxuii 2ocydapemeennbiii yuusepcumem, HKP, Cmenanaxepm, yn. M.Towa 5,
E-mail: kamalyan@ysu.am

IIpo BiMsSHME MAarHUTHOTO IOJIS HA JIFOAEH, )XUBOTHBIX, PACTEHHH M Pa3IUYHbIC XHMU-
YecKue MpoIecchl U3BEeCTHO MaBHO [1]. BMmecte ¢ Tem B nuTeparype MOYTH OTCYTCTBYIOT 60-
JIEC UJIN MEHEC IPUEMIIEMBIC 06’bﬂCHeHl/lﬂ MEXaHHu3Ma 3TOr'0 BJIMSIHHS. Hau60nee qacTo 1A
9TOH LENIN NPHUHATO IPOBEICHHUE MCCIEAOBAHUM JIEKTPOIPOBOAHOCTH, TNIOTHOCTH, ITOBEPX-
HOCTHOTO HATSDKEHHUS CpeJibl, HaXOISAIIEHCs MO/l BO3/ICHCTBUEM KaK MMOCTOSHHOTO, TaK M Iie-
peMeHHOro MarHuTHOro mojs. OJHaKO M3-32 MaJBIX BEJIMYMH HAOIIOACMBIX M3MEHEHUI
9TUX XapaKTEPUCTUK, KOTOpPbIC OOBIYHO HAXOJATCS B MpeneiaX OINOKH H3MEpeHHi, HH
OJIMHb U3 YKa3aHHBIX METOJIOB HE HAlIeN IIMPOKOrO0 NPUMEHEHUs. YUUTBIBas, YTO TEKCTYp-
HBIC XapaKTEPHCTHKH MOPHCTHIX KPEMHE3EMOB, MOJIYYEHHBIE 30JIb-Tellb CIIOCOOOM, CHIIBHO
3aBUCST OT COCTOSHMS JUCIEPCHOW CPeAbl M OYEHb YyBCTBHUTEIBHBI K UX M3MEHEHHAM [2],
HAaMH IMPEIIPHUHAITA MONBITKA HM3YyYESHHs BIUSHUS MEPEMEHHOr0 MAarHUTHOro Ioiist Ha Qop-
MHUpOBaHHE TEKCTYphl KpeMHe3eMoB. i1 Oojiee HaJEe)KHOTO OINpPEIETICHUs yIENbHBIX II0-
BEPXHOCTEH MOJyYEHHBIX KPEMHE3eMOB, BMECTO OOIIENPUHSATOTO U TEPMOANHAMUYECKU HE
KoppekTHOro ypasHenus: bOT, HaMu HCIONIB30BaHO YpaBHEHUE TOJIMMOJIEKYJSIPHOM ancopo-
uun Apanosuya [3].

Ha ocHoBammm pesympraToB mpemBa- | Ne | Hacroramarn. | Sy, , | Vy,, d yaxe.»
PUTENLHBIX MCCIEN0BaHMI, 4acTh M3 KOTO- nons, repi M/r | oM/
pBIX TIPMBEJEHBI B TabIWIE, B HEKOTOpBIX | 1 | cpaBH. o0p. 192 452 76
CIydasX BIMSHHE NIEPEMEHHOTO MAPHUTHOTO | 2 20 172 560 55,90
noJis Ha (OPMHUPOBAHHE TEKCTYPhl KpeMHe- | 3 30 170 479 80
3eMOB BechMa cymlecTsenHo. Hambonee sp- |4 40 120 250 210
KO 5TO MPOSIBISETCS Y 0OPa3LoB, MoydeH- |3 50 335 433 40

HbIX B MarHUTHbIX 1oisix ¢ yactoramu 40 u 50 repu coorBercTBeHHO. [IpuueM, ecnu npu
94acTOTe MarHUTHOro 1oyt B 50 I'I ynenbHas MOBEpXHOCTh KPEMHE3EMBI B CPaBHEHHU C 00-
pasuoMm 1 yBenuumBaercss mnoutd Ha 75%, To mpu 40 'y oHa, HAOOOPOT, yMEHbLIAETCS Ha
35 %. O6pasen, nomy4eHHsli npu yactore 40 ', CHIBHO OTIMYaETCs TAKXKe MO YACITbHOMY
a/IcOpOLOHHOMY 00BEMY M IIO PACHOJIOKEHHIO MacCHMyMy Ha KPHBOH pacIpeneNeHHs Mop
0 pa3Mepam.

CreoBaTeIbHO MOXKHO KOHCTaTHPOBAaTh, YTO HECYIIECTBCHHBIC H3MEHCHUS
CBOICTB JMCIIEPCHOMN Cpeibl, MPOUCXOISIIME MO BIUSIHUEM MarHUTHOTO IOJIsl, MOTYT NPHU-
BECTH K OLIyTHMBIM M3MEHEHUSIM TEKCTYPHBIX MapaMeTpOB CHIIMKarenael, CHHTE3UPOBAHHBIX
B HEPEMCHHBIM MarHUTHOM II0JI€ 30J1b-T€JIb METOAOM. BCeCTOpOHHEE H3ydeHHE 3TOro Hpo-
Lecca MOXKET, B KOHEYHOM CHYeTe, CIIOCOOCTBOBATH ITOHMMAHUIO MEXaHHW3Ma BIHMSHHS Mar-
HHUTHOTO I10JI1 Ha XUMHYECKHe U OMOJIOrHuecKue IPOLIEChl, IIPOTEKAIOIINe B BOJHBIX Cpeax.
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THE FEATURES OF THE TEXTURE CHARACTERISTICS OF SILICAS
RECEIVED WITH SOL-GEL METHOD IN ALTERNATING MAGNETIC FIELD

O.A. Kamalian ', A.V. Stepanyan’, A.V. Sargsyan’,V.A. Sarkeziyan', T.O. Kamalian'
"Yerevan State University, 1 Alek Manoogian st. Yerevan Armenia, 0025
Artsakh State University, 5 M.Gosh st. Stepanakert, Nagorno-Karabalkh,
E-mail: kamalyan@ysu.am

The influence of magnetic fields on humans, animals, plants and various chemical pro-
cesses is known for a rather long [1]. However, there are very small the more or less accep-
table explanations of the mechanism of these phenomena in the literature. For this purpose
studies of electrical conductivity, density and surface tension of the medium under influence
of both constant and variable magnetic fields are most frequently made. However, due to the
small amounts of the observed changes in these characteristics, which usually are located
within the measurement error ranges none of these methods have become wide applicable.
Taking in consideration that the textural characteristics of porous silica received by sol-gel
method strongly depend on the state of the dispersion medium, and are very sensitive to their
changes [2], we have attempted to study the effect of alternating magnetic field on the texture
formation of silicas.

For a more reliable determination of specific surfaces of the received silicas we have used
Aranovich [3] multi-molecular adsorption equation instead of BET equation which is conven-
tional and thermodynamically not accurate.

Based on the results of initial studies, some of which are listed in the table, in some cases

the influence of an alternating magnetic [No | The frequency S, Vv, Ao
field on texture formation of silicas is essen- of magnetic m’/g | cm’/g

tial. This is most clearly observed in the field in Hertz

samples received in magnetic fields having | 1 com. arr. 192 452 76

frequencies of 40 and 50 Hz respectively. So | 2 20 172 560 | 55,90
if the specific surface of silica at 50 Hz in |3 30 170 479 80

comparison with sample 1 increases by al- | 4 40 120 250 210
most 75%, at 40 Hz- the contrary, it de- |5 50 335 433 40

creases by 35%. The sample received at 40 Hz, strongly differs by the specific adsorption on
the volume and location of the maximum on the curve of size distribution of porous.

Therefore it can be stated that the insignificant changes of properties of the dispersed
medium may lead to significant changes of textural parameters of silica gels synthesized by
the sol-gel method in an alternating magnetic field. Comprehensive study of this process may
ultimately contribute to understanding the mechanism of influence of the magnetic field on
the chemical processes occurring in aquatic environments.
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MNPUPOJA MOJIEKYJ AJCOPBATOB U KAITMJUIAPHAA KOHAEHCALIUA
B IIOPAX JINO®OBU30BAHHOI'O ME3OIIOPUCTOI'O AICOPBEHTA

H.K. Hlom/m*, T.M. POH_II/IHa*, 0.41. TammHa*, A.Yu. Fadeev'", F. Bernardoni
"Mockoscxuii 2ocydapcmeennblil ynusepcumem um. M.B. Jlomonocosa,
quultecxuu ¢axynomem, 119991, Mocksa, Jlenunckue 2opwl, 0. 1, cmp. 3
*Department of Chemistry and Biochemistry, Seton Hall University, USA

E-mail: nkshonija@rambler.ru, 2474747 @mail.ru

3HAYUTEIBHBIN HHTEPEC, POSBIIEMBIH B TIOCIIEAHIE ICCIATHICTHS K CHHTE3Y U HCCIie-
JIOBaHHUIO ME30MOPHUCTBIX Me30(a3HbIX MaTePUaJIOB, B IEPBYIO OYEPE/ib, CBSI3aH C BO3MOXKHO-
CTBIO MX 9((PEKTUBHOIO HCIOIB30BAHMS IS PEIICHUS Psila TEXHOJIOTHYECKUX 3a/1ay B TaKUX
BaXXHBIX OTPACIISAX KaK KaTalu3 U afcopOIus, ONOMEIUIMHA 1 POU3BOJICTBO JICKAPCTBEHHBIX
NpenaparoB, a TAKXKe B 00JaCTH ObICTPOPA3BUBAIOLIMXCSI HAHOTEXHOJIOTHH. B TO ke Bpems
9TU BBICOKOCTPYKTYPUPOBAHHBIE MaTepuasbl, OYEBHAHO, MOTYT ObITh IOJIE3HBl B KauecTBe
MOJICJIBHBIX a/ICOPOEHTOB JUIsl M3YUYCHHUs OBEPXHOCTHBIX SIBJICHHH B IMOPHUCTBIX CHCTEMax B
3aBUCUMOCTH OT IPHPOJIBI aACOPOUPYIOMINXCS MOJIEKYI U XUMHH MOBEPXHOCTH.

C uenbl0 M3y4YeHUs] U3MCHEHHMH B aJCOPOLIMOHHBIX CBOMCTBAX, MPOMUCXOSIINX MPU
nooOH3aIMK TOBEPXHOCTH ME30IMOPHCTHIX KPEMHE3EMOB, H UX 3aBHCHMOCTH OT TPUPOJIBI
MOJICKYJI B paboTe M3MEPEeHBI IMOJHBIE M30TEPMBI aACOPOLUH-IECOPOLMH MOJIEKYJ a30Ta,
OeH3071a U TeKcaHa Ha IOBEPXHOCTH KpeMHe3eMoB SBA-15 — ucxomHoro (dnop=9 HM) U Xu-
MHYECKH MOAM(GUIMPOBAHHOIO MOHO(MYHKLHOHAIBHBIM NepdToprekcuiicuinanoMm SBA-15—
CeF13 (mmotHocTh mpuBuBKU - 0.75 prl‘IH/HMZ). JI1s OLIeHKH pONU MapaMeTpOB MOPUCTOMH
CTPYKTYpBI MOJTy4YEHHbIE U30TEPMbI acopOIu OeH301a M reKcaHa COIOCTaBJIEHbI ¢ aHalo-
TUYHBIMM JaHHBIMHE JUI UCXOMHOTO (dyop<50HM) H Moz[mbnunpOBaHHoro KkpemHe3eMoB C-
120 ¢ Giu3Koi mwIoTHOCTBIO npuBUBKH SiO5-CeF )3 (1.1 rpymn/am?).

TToka3aHo, 4TO, HECMOTPSI Ha 3aMETHOE CHH)KEHHE BEJIMYUH aJCOpOLUH YrIICBOAOPO-
JIOB, MPOUCXOJAIIEE TIPU MOTU(DUIUPOBAHUH HU3YYCHHBIX KPEMHE3EMOB BO BCEM HHTEpBalie
JIABJICHHH, NPU JaHHBIX 3HAYCHUSX IUIOTHOCTH NMPUBUBKH MPAKTUUECKU HE M3MEHSETCS IO-
JSIPHOCTH (hTOPUPOBAHHOM MOBEPXHOCTH 110 OTHOILIEHHIO K rape OEH30JI-reKCaH, YTO HaXOIUT
CBOE MOATBEPXKICHHUE U B Ta30XpOMATOrpaduuecKux JaHHBIX.

OpHako B 001aCTH KaHJUISIPHO-KOHCHCAIIMOHHOTO TUCTEpe3nca HaOII0al0TCsl Cylie-
CTBEHHBIC PA3JIMYHsI B XOJIe M30TEPM aICOPOIHH, CBSI3AHHbIE KaK ¢ XUMHUEH TOBEPXHOCTHU aJl-
COpOEHTOB, TaK U C MPUPOAON MOJIEKYIN ancopbaToB. Hanbonee sspko OHM BBIPaKEHBI B CIIy-
yae ToHKomopuctoro obpasua SBA-15-C¢Fj3. [lns GeHzona u rekcaHa Ha (TOPHUPOBAHHOM
noBepxHoctd SBA-15-C¢F;3 HabmonaeTcst pe3koe cMelleHHe MeTIIN rucTepesnca B 001acTb
0oJiee BBICOKUX 3HAYCHHI JABICHHUS. JTO CMELICHHE 3aBHCHUT OT MPUPOJIBI MOJIEKYI - y TeK-
caHa OHO 3aMETHO MEHBIIIE, 4YeM y OeH3011a, a y a30Ta NIPAKTHYECKH OTCYTCTBYET U, B LIEJIOM,
KOppEIHUpPYyeT C MOBEPXHOCTHBIM HATSDKEHHEM THX afcop0aToB O N2 < Oceni4 < OceHe U, ClIe-
JIOBATENbHO, CO CHIDKEHHEM CMauMBaeMOCTH (hTopcoseprkalieii HOBEPXHOCTH B ATOM PSIY.

Tony4yeHHbIe JaHHBIC MCIIOIb30BAHBI IS OJYIMITUPUIECKOM OLIEHKH YIJIOB CMayKBa-
HHS B U3YYCHHBIX CUCTEMaXx aicopOaT-aJcopOeHT.

216



NATURE OF MOLECULES OF ADSORBATES AND CAPILLARY
CONDENSATION IN PORES OF LYOPHOBIC MESOPOROUS ADSORBENT

N.K. Shoniya”, T.M. Roshchina*, O.Ya. Tayakina", F. Bernardoni”~ and A.Y. Fadeev""
M.V. Lomonsov Moscow State University, Department of Chemistry, 119991 Moscow, Rus-
sia
** Department of Chemistry and Biochemistry, Seton Hall University, 07079 NJ, USA
E-mail: nkshonija@rambler.ru, 2474747@mail.ru

Considerable interest shown last decades to synthesis and research of mesoporous me-
sophase materials, first of all, is connected with possibility of their effective utilisation for the
decision of some technological problems in such important areas as catalysis and adsorption,
biomedicine and manufacture of medical products, and also in area of quickly developing na-
notechnologies. At the same time these highly structured materials, obviously, can be useful
as modelling adsorbents for studying the superficial phenomena in porous systems depending
on the nature of adsorbed molecules and surface chemistry.

To study changes of the adsorption properties occurring at lyophobization of mesopor-
ous silicas and their dependence on molecules nature, full adsorption-desorption isotherms of
nitrogen, benzene and hexane on a surface of silicas SBA-15 — initial (dpor.=9nm) and chemi-
cally modified by monofunctional fluorohexyl ((CH»),CsF13) SBA-15-CgF13 (grafting density
- 0.75 group/nm®) are measured. For an estimation of a role of porous structure parametres
received adsorption isotherms of benzene and hexane are compared with the similar data for
initial (dpore<50nm) and modified silicas C-120 with close grafting density SiO,-C¢Fi3 (1.1
group/nm2).

It is shown that despite apparent decrease in sizes of adsorption of hydrocarbons in all
interval of pressure, occurring when modifying studied silicas, the polarity of the fluorinated
surface in relation to pair benzene - hexane practically does not change at the given sizes of
grafting density, that finds the acknowledgement also in gas-chromatographic data.

However essential distinctions are observed in the area of capillary-condensating hyste-
resis during isotherms of adsorptions defined both by the nature surfaces and by molecules of
adsorbates. They are also strongly pronounced in a case of narrow-pored sample SBA-15—
CgF13. For benzene and hexane on the fluorinated surface of SBA- C¢F,3 sharp displacement
of a hysteresis loop in area of higher values of pressure is observed. This displacement de-
pends by nature molecules: it's much less at hexane, than at benzene, and is practically absent
at nitrogen and, as a whole, correlates with a superficial tension of these adsorbates Gny <
Gcenis < Ocens and, hence, with wettability decrease of fluorinated surfaces in this number.

The obtained data is used for semiempirical calculation of corners of wetting in the stu-
died systems adsorbat-adsorbent.
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MPOTOJUTUYECKHUE CBOMCTBA MOJUDUIIMPOBAHHBIX
MOHO3TAHOJAMWHOM CUJINKATEJIENA

A.B. lapos, O.B. ®unnctees
I'OY BIIO «Kypeanckuii 2ocyoapcmeennviil yHusepcumemy, 2. Kypean
640669, 2. Kypean, ya. I'ocons 25
filisteev@kgsu.ru

W3BecTtHO, uT0 MOHO3TaHONAMHH (MDA) B3anMOAEHCTBYET C TEPMHHAIBHBIMH

IpyIIaMHi CUITHKArelnei ¢ 00pa3oBaHHeM CI0KHOI(PHUPHOI cBsi3u. HecMoTpst Ha 10CTATOYHO
HM3KYIO THJIPOJIUTHYECKYIO YCTOWYMBOCTb, CHIMKAreiau, Moauduuupoanusie MOA, Gnaro-
Jlapst MPOCTOTE MOTyUYEHHs, MOTYT HaWTH NPUMEHEHHE, HallpHUMep, B KCIPECC-aHaAIIM3€e BOJL.
B pabote uccrnenoBaHbl NPOTONUTHYECKHE CBOIMCTBA CHJIMKAarened, MOAU(HIMPOBAHHBIX
MDA, a Tak e pacCMOTPEHa BO3MOXKHOCTb UX IPHUMEHEHUs B HKCIPECC-OIPEISIICHHH JKEeCT-
KOCTH BOJIBL.

Hccnenyembie 00pasiibl MOdyYand OPOMUTKOM mpokaneHHslx npu 150°C mo mocTtosH-
Ho#t Maccel npombliuieHHbIX cunkareneii KCKI' u KCMI (yzaenbHast TOBEPXHOCTb IO J1aH-
HBIM aJicoponunu a3ora — 232 M2/T 1 460 M/r COOTBETCTBEHHO) U3 OE3BOTHOIO MOHO3TAaHOA-
MuHa. [TomydeHHbIe TOBEPXHOCTHBIE CTPYKTYPbI YCTOWYMBHI K THApOnIu3y mpu pH = 8 Munu-
MyM B Teuenue 120 muH. [l moiydeHust cuiMKarened ¢ pasHOH IUIOTHOCTBIO HMPHBUBKH
MDA (38 00pasioB) BapbHpOBAIKCh TEMIIEPAaTypa U BpeMs Hponecca. AIXCOpOLUIO HOHOB
BOJIOPO/Ia M3y4Yalld METOAOM OJHO# HaBeckH B cpere 1 M pactBopa KCl ¢ unankarmeit pH
noHomMepoM M-500 co CTEKIISIHHBIM HHIMKATOPHBIM 3JIEKTPOIOM HpH Temriieparype 25°C.

H3oTepMbl ancopOium HOHOB BOJOPOAa Ha MOAWU(UIMPOBAHHBIX CHIMKArelsix, OTHO-
csamuecs K 1 Tuny no knaccudukanuu bpynayspa, oOpabaTsiBain ¢ IPUMEHEHHEM ypaBHe-
Hus JIoHrMiopa u (BCJEACTBHE PHEPreTHYECKOH HEOJHOPOAHOCTH) MOJEIU HENpPEepbIBHOTO
pacrpeeneHny KOHCTaHT. [lecsTHYHbIE JIOTapu(pMBbl KOXKYIHXCS KOHCTAHT NPOTOHUPOBAHUS,
ONpe/ielieHHbIe TaHHBIMH METOAaMH, HaxonsaTcs B mpenenax 6,20 = 0,09 — 7,31 +0,13 mns
pa3HOl NMOBEpXHOCTHON KoHLEHTpauuu MOA. CBsi3b KaXKyILEHcs: KOHCTAHTBI PAaBHOBECHS C
IUIOTHOCTBIO TIPUBUBKH MOHOJTAHOJAMUHA TaK K€ SBIACTCS CIIEACTBHEM JHEPTEeTHYECKOU
HEOJHOPOAHOCTH NMPUBUTHIX aMUHOrpynin. Huskue BeIUMYMHBI KOHCTAHT MIPOTOHHPOBAHHUS MO
CPaBHEHUIO ¢ TaKoBOH s pactBopa MOA (/gK = 9,25) aBIAIOTCS CIEICTBUEM H3BECTHOTO
B3aUMO/EHCTBUS MPUBUTHIX AMUHOTPYII C CHJIAHOJIBHBIMU TPYIITAMH TTOBEPXHOCTH CHITHKA-
rene.

[lomy4eHHbIe HaHHBIEC TO3BOJIMIIN IPUMEHUTH HEKOTOPbIE 00pa3Iibl CHIIMKareseil B mpo-
CTOM yCTPOWCTBE AKCIIPECC-aHaNIN3a JKECTKOCTH BOIBI.
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THE PROTOLYTIC PROPERTIES OF THE SILICA GELS MODIFIED BY
MONOCOLAMINE

A.V. Sharov, O.V. Filisteev
GOU VPO «Kurgan state universityy, Kurgan
640669, Kurgan, Gogol's street 25
filisteev@kgsu.ru

It is known, that monocolamine (MEA) interreacts with terminal groups of silica gels
with ester group formation. Despite low enough hydrolytic stability, the silica gels modified
MEA, thanks to simplicity of deriving, can find application, for example, in proximate analy-
sis of waters. In operation the protolytic properties of the silica gels modified MEA and as the
possibility of their application in water hardness express definition is considered are explored.

Explored samples received imbibition incinerated at 150°C to a constant mass of indus-
trial silica gels KSKG and KSMG (specific surface according to nitrogen adsorption - 232
m%/g and 460 m%/g accordingly) from anhydrous monocolamine. The received superficial
structures are inconvertible against hydrolysis at pH = 8 minimum within 120 minutes For
deriving of silica gels with a different denseness of graft MEA (38 samples) the temperature
and process time varied. Adsorption of hydrions studied a method of one shot in the environ-
ment of 1 M of solution KCI with indication pH ionomer I-500 with a glass indicator elec-
trode at temperature 25°C.

Adsorption isotherms of hydrions on the modified silica gels, to falling into 1 type on
classification Brunauer, treated with application of equation Langmur and (owing to energy
heterogeneity) models of continuous allocation of constants. Decimal logarithms of apparent
constants, spotted by the yielded methods, are within 6,20 + 0,09 - 7,31 +0,13 for different
surface concentration MEA. Connection of an apparent equilibrium constant with a denseness
of a graft of monocolamine as is a consequence of energy heterogeneity of graft amino groups.
Low magnitudes of constants in comparison with that for solution MEA (/gK = 9,25) are a
consequence of known interaction of graft amino groups with silanol groups of a surface of
silica gels.

The obtained data have allowed to apply some samples of silica gels in the simple de-
vice of proximate analysis of water hardness.
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JE®OPMALUA Co-MOHTMOPHUJVIOHUTA ITPU AJICOPBIIMU BEH30JIA

C.3. MymuHoB
Hnemumym obweii u neoepanuueckoii xumuu Akademuu nayk Pecnyonuku Y36exucman
100170, 2. Tawxenm, yn Mupso Viyebexa 77a, e-mail: subx39@rambler.ru

LleonuToBble, yriaepoaHble U APyrHe BHABI aCOPOEHTOB, 00JIaalOIINe JOBOJIBHO JKe-
CTKOH CTPYKTYPOM U CIOMCTbIE aJIFOMOCHIMKAThI B IPOLecce aICOPOIMHU ra30B U MapoB MOJ-
Bepratorcs aedopmanuu [1-3]. Jepopmanus HEoqUTOB, aKTUBHBIX YIJIell HAMHOIO MEHBIIE,
yeM nehopMalys CIOUCTBIX INIMHUCTHIX MHHepayoB. IlepBoe cBeneHue 00 OTHOCHTEIBHOI
nedopManuy TIIMHUCTOrO ajacopOeHTa npuBeaeHo B padore [4]. M3BecTHB (yHIaMeHTaNb-
HbIE UCCIIENOBaHMS aJCOPOLMOHHON AedopMaIil OpaHO3aMEIEHHBIX (HOPM CIIOMCTBIX AJII0-
MOCHJIMKATOB [5].

B pabote uccienoBana ajacopbuuonnast nedopmarps Co-GpopMbl MOHTMOPHIIIIOHHTA,
JIETHAPATHPOBAHHOTO BaKyymuposanueM npu 293 (I) u 423K (1I).

O6pasery | mpu manbix otHocuTenbHbIX AaBieHusx (P/Pg) obmamaer BbIcOKOit ancopO-
LUOHHOM CITIOCOOHOCTBIO [6], UTO XapaKTEpHO AJIsi MHKPOIOPHUCTBIX afcopOeHToB. O0beM
MuKpornop o6pasia I Wo=0.141+10 sm/kr (06umit 06sem mop 0.189+10° m*/xr), aro cocras-
nser 75% ot V,. Co*", Cu*"u AP (hopMBI MOHTMOPHIUIOHHUTA TI0CJIE BaKyyMHPOBAHHS NPU
293K ynepxHuBalOT €Ile MHOIO CBSI3aHHOI BOJbI, KOoTOopas crnocodcTByeT aacopouun CesHe.
W3zyuenne agcopbuym 6eH301a Ha oOpasnax I u Il mo3BoIHT BBLICHUTE POJIb CBSA3aHHOM BOJIBI
B aJICOPOIIMOHHOM B3aUMO/ICHCTBHU.

Jlunaromerpuueckas yCTaHOBKA, MCIIOJIb30BaHHAs B paboTe onucana B [7]. Kak cieny-
€T U3 3aBUCHMOCTH OTHOCHTENbHOM nedopmarmu (1) ot P/Ps 1 oOpasen moasepraercsi cuitb-
Hoit nehopmanmu npu Manbix P/Ps. ITpu P/P¢~0.1 | nocrurna ~4%. B npenenax P/P=0.1-0.8
1 noBbIIanack npumepHo Ha 3%. IIpu P/P>0.8 n cHoBa Bo3pactana u npu P/P=0.95 noc-
turia 11.74%. OtHocutensHas nedopmanus odpasua | monoxkurenabHa BO BCeM HHTEpBalie
P/Ps. MOXHO TIPEIoN0KNUTh, YTO MEpBasi MOPLXsS MOJIEKYJ OeH30a BHEAPSIACh B MEXKCIIOH-
HOE MIPOCTPAHCTBO BCTYIAET BO B3aUMOAEHCTBUE C OOMEHHBIMU HOHAMH Y€Pe3 MOJIEKYIIy BO-
JTbl, BBI3BIBASI OCIA0JICHHE CTATHBAIOLICH CHIIBI CJIOCB.

Herunparanus npu 423K BbI3bIBaCT YMEHBIICHUE BJIAard THIPATHPYIOIICH HOHBI Co™".
B o6nactu P/P¢<0.3 n II o6pasua orpurnarensua. Bosa, ocTaromascst B CTpyKType Hocie Jie-
runparauun npu 423K mpouHo yaepikuBaercs noHamu Co’". DTO BEI3HIBACT pasiBHKCHHE
COCEJIHUX CHJIMKATHBIX CJIOEB Ha PAcCTOSIHHE JOCTYNHOE MoliekysaMm Oenszona. C oTHocu-
TeJNIbHBIX JaBieHui 0.25 10 HACBILEHUS 1] TOJIOXKUTEIILHO.

Paznuuue B m o6pasuos I u Il cuuraem o0ycnoBneHHBIM 3THMHU (akTopamu. OTHOCH-
TenbHast Aedopmanus odpasua Il mpu HachllleHHH Ha MOPSIIOK MEHbIle, 4eM aedopmarust I
obpasma.
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HEATS OF n-HEXANE AND n-HEPTANE VAPOR ADSORPTION
ONTO POLYHYDROXYALUMINUM MONTMORILLONITE

S.Z. Muminov, D.A. Khandamov
Institute of General and Inorganic Chemistry, Academy of Sciences of Uzbekistan,
77a, Mirzo Ulugbek street, 100170, Tashkent, e-mail:subx39@rambler.ru

This work investigates the adsorption and heats of adsorption vapors of n-hexane and
n-heptane on polyhydroxyaluminum montmorillonite (PHAM) fired at different temperatures.
The object of study was Navbakhor bentonite, which consists predominantly of sodium
montmorillonite. PHAM was prepared by treating a 3% suspension of bentonites with a solu-
tion of aluminum hydrochloride the molar ratio was OH/Al = 2.37. A solution with such basic
properties ensures the formation of a complex with seven-charge cations
[Al;304(0OH)24(H20)12]"". According to the results from X-ray analysis, the basal interplanar
distance in PHAM is 1.835 nm; the distance between neighboring basal planes along axis c is,
Adoo1 = 0.895 nm; and heating to 773 K leads to a 20% reduction in Adg;. The slot-like mi-
cropores are completely open to molecules of n-hexane and n-heptane.

Prior to measuring adsorption, the PHAM was vacuumated at temperatures of 293,
423, 523, and 773 K. The samples were labeled PHAM-1, PHAM-2, PHAM-3, PHAM-4, and
NaM. At T< 523 K, the structure of the PHAM remained unchanged, while it was destroyed
at 773 K and polyhydroxyaluminum cations was transformed into alumooxide clusters.

The isotherms of adsorption C¢H;4, and C;H;6 on PHAM rises sharply in the region of
low pressures; such behavior is typical of microporous adsorbents. Initial section of isotherms
adsorption of n-hexane and n-heptane on PHAM at P/P; < 0.18-0.25 are reversible. A some-
what narrower loop is observed in the isotherm of n-heptane adsorption on PHAM, while the
narrowest loops are found in the isotherms of n-hexane.

The sorption volumes at P/Pg values of 0.4 (W,), 1.0 (Vs), and mesopores (Wme=Vs-
W,) as calculated from the isotherms of C¢H;4 and C;7H;6 vapor adsorption given in the table.

Table. The sorption volumes (m*/kg) of PHAM for n-hexane and n-heptane

Temperature Woel0? Vse10° Wme+10°
Adsorbent of dehydra-

tion, K CeHig | CHis | CeHis | CsHis | CeHig | C7Hie
PHAM-1 293 0.082 0.079 | 0.094 | 0.123 0.012 | 0.044
PHAM -2 423 0.119 | 0.105 | 0.135| 0.149 | 0.016 | 0.044
PHAM -3 523 0.113 0.107 | 0.140 | 0.152 | 0.027 | 0.044
PHAM -4 773 0.105 0.080 | 0.122 | 0.124 | 0.017 | 0.044

In order to obtain of information about heats of adsorption were determined using a se-
ries of the isosteres of adsorption onto PHAM samples for filling fractions of V to complete
saturation. Isosteres in the coordinates LgP-T™ are approximated by lines. The slopes of the
isosteres were used to calculate the differential isosteric heat of C¢H;4 and C;H;s onto PHAM.
The dependences Q=f(a) have similar shapes for the systems C¢H;4»-PHAM-2 and Cg¢Hs-
PHAM-4, and for n-heptane of the same adsorbents. For low degrees of filling 0 = a/a,< 0.6
(where ay is adsorption for P/Ps = 0.4). Curves contain regions with different reductions in Q.
As the quantity of adsorbed C¢H;4and C7H 4 grew, the adsorption heat rose until it reached its
maximum value observed at 6=0.8 and then fell sharply, approaching the heat of condensation.
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KHHETUYECKHE OCOBEHHOCTU KOHKYPHUPYIOIIEW COPBLIUM
®OPMAJIBAEI'HJA U BOJIbI MUHEPAJIbHBIMHA COPBEHTAMM

H.A. Xonxocosa, JI.W. benpunHckas
Boponesiccras eocydapecmeennas lecomexnuyeckas akademus,
394613, Poccus, 2. Bopounesc, Tumupsizesa, 8. e-mail: chem.@vglta.vrn.ru

V3yueHa KMHETHKa copOuuM (opMaibieruaa, MapoB BOJbl M UX CMECH Ha IpeABapH-
TENbHO TePMOOOPAOOTAHHBIX MPUPOAHBIX MHHEpanax MOHTMOpHIOHUTE (M) M KIMHONTH-
nonure (K), conepxamux mo 95 % noponoo0pasyromiero koMrnoneHra. Temneparypa npea-
BapHUTeNIbHON 00paboTKH 000CHOBAaHA IKCIIEPUMEHTAIbHO U cocTaBuia 453 K.

VYcraHoBieHa peuMyIiecTBeHHas: copOius Gpopmainbaeriuia B TeUeHne 7 4acoB Ha 00-
pasue M, 14 gacoB - Ha oOpasue K. [langee ckopocTh morionieHus popMaliperuia 3aTopMa-

JKHUBACTCH, a COPGHHH I1apoB BOJbI BO3pacTacT.
Fﬁ—l 2 : 3
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Puc. Kunernka cop6unn mapos CH,O —+—, H,O —%— u ux cmecu —e— Ha MuHepanax a) K u
o0)M

X0l KMHETHYECKHX KPHBBIX ISl OOpasloB WACHTHUYEH (pHC.), pa3jinuhue COCTOHUT B
Goubleit none necopbuun Gpopmansaeruga Ha oopasue K B cpaBuenun ¢ M. CHuxeHue co-
nepxanus popmanpaeruaa Ha K mpoucxomut ¢ 55 10 15 mr/r, Ha M CHUKeHHE HE3HAYUTEIb-
HO — ¢ 35 no 30 mr/r. CymmapHoe noromienue popManbaeruia U BoJbl NP PaBHOBECHBIX
YCIIOBHSAX KOJIMYECTBEHHO HE OTIIMYACTCA.

B skcnieprMeHTanbHON YCTaHOBKE Ta30Bast (ha3a COCTOMT M3 aTMOC()EPHBIX MapoB BOBI
i Qopmanbaernaa, copepKaHue KOTOPOro ropasmo Beime. 1109TOMy B HayaibHBII MOMEHT
BPEMEHH HPEUMYIIECTBCHHO UIET copOLus (opManbaernaa. 3aTeM IPOUCXOJUT CMEHA ce-
JIEKTUBHOCTU COPOIIMM M MHHEpajbl B OOJIbIIEH CTENEHU HACBHILIAIOTCS MOJEKYJIaMH BOJbI:
obpazen K agcopbupyert 10 60 mr/r, a M — 40 mr/r.

Omnpeneneno BHYTpHIH(GY3HOHHOE JIMMHUTHPOBAHHE COPOLMHM MOJIEKYJI BOJBI Ha HC-
cieayeMbIx 00pa3lax M pacCuUTaHbl KOIPPUIMEHTH BHyTpeHHEH Au(Qy3un: 1as MOHTMO-

a1 2 12
pumnonuta D, = 1,3-10"" cm7/c, nnst knunontunonura — D, =1,1-107" cm”/c. YcraHosieHo,

in i
9TO KHHETHKa KOHKypHpYyIomeil coporun (hopManbIeriuia ¥ BOAbL ONPeieIsIeTCs KPHCTAILIO-
XMMHMYECKMM CTPOEHHEM MHHEPAJIOB.
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KINETIC FEATURES OF COMPETITIVE SORPTION OF FORMALDEHYDE AND
WATER IN MINERAL SORBENTS

N.A. Khodosova, L.I. Belchinskaya
Voronezh State Academy of Forestry and Technologies
394613, Russia, Voronezh, Timiryazeva str. 8. e-mail: chem.@vglta.vrn.ru

The kinetics of sorption of formaldehyde, water vapor and mixtures of on preheat-
treated natural minerals such as montmorillonite (M) and clinoptilolite (K), containing 95% of
the rock-forming component. Temperature pre-treatment was proved experimentally and was
453 K.

Preferential adsorption of formaldehyde for 7 hours on M sample M, 14 hours - to C
sample is defined. Furthermore the absorption rate of formaldehyde brakes, and the sorption
of water vapor increases.

80 | a0
a0 a0
¥ 3
™ ?_H + 70 By —35—3% 3
B0 _r"i.;. 5 50
=0
E] kg x ks
?u j\_ S0 = &
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——CHO+H0 —&—H?0 e CHO ——— CHIO+H) =l HI) = CH20)
a b
Fig. Kinetics of vapor sorption CH,O —*—, H,O —%— and their mixture —e— on minerals a)

Kand b) M

Proceedings of the kinetic curves for the samples is identical (Fig.), the difference is a
greater percentage of desorption of formaldehyde in K sample in comparison with M. Reduc-
tion of formaldehyde on K is: 55 - 15 mg/ g, on M it decrease sslightly - from 35 to 30 mg /
g. Total absorption of formaldehyde and water under equilibrium conditions is not quantita-
tively different.

Gas phase in the experimental setup consists of atmospheric water vapor and the for-
maldehyde content of which is much higher. Therefore, at initial time adsorption of formal-
dehyde mainly takes place. Then there is a change of sorption selectivity, and minerals are
mainly saturated with water molecules: the sample K adsorbs up to 60 mg / g, and M - 40 mg
/g.

Intradiffusion limiting of sorption of water molecules in the samples is defined and

coefficients of internal diffusion are calculated: for montmorillonite i = 1,3-107"" cm?/s for

clinoptilolite — Dy, = 1,1-10™" em?s. It was established that the kinetics of competitive ad-
sorption of formaldehyde and water is determined by the crystallographic structure of miner-
als.
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TUJAPATAIIAOHHBIE CBOMCTBA MPUPOJIHBIX U MOJU®UIIMPOBAHHBIX
COPBEHTOB

0.10. Crpenpaukopa*, JLU. benbuunckas*, H.A. Xomocopa*, B.10. Xoxmop**,
JIe1 Txu Uen**

*BopoHedsicckast 20Cy0apcmeeHHdsl 1eCOMeXHUYeCKas akaoemust
Poccus, 2. Boponeoic, yn. Tumupszesa, 8, 394613, E-mail: chem@vglta.vrn.ru
**Boponescckuil 20¢y0apcmeenHblil yHugepcumenn
Poccus, 2. Boponesc, Ynusepcumemcrkas niowaow, 1, 394006

AJIOMOCUITMKATHBIE COPOEHTBHI IHUPOKO MPUMEHSIOTCS Ul OYMCTKU CTOYHBIX BOJ OT
Pa3JINYHBIX 3arps3HSIONIMX BelIecTB. J{is MOBBIIICHNS aACOPOLMOHHON aKTHBHOCTH MUHEpPa-
JIOB B 3aBUCHMOCTH OT IPUPOBI TOKCHKaHTa TpeOyeTcs: Wi ruapooOu3anus (Ui O4UCTKH
BOJIbI OT HETIOJSIPHBIX MOJIEKYJT: He(TEePOLYKThI, OCH30I U T.I1.), MM THAPO(UIN3AIHMS TPH-
POAHBIX COPOEHTOB (B MPUMEHEHHH K MOJIIPHBIM MOJIeKyJ1aM: opMaibaerui, GeHon u ap.).

Lenp nanHO# paOoTHI: MPOBEIEHHE THAPOGHIN3ALNM TPUPOIHOrO COpOeHTa, comep-
xatiero 45 % cinoucToro MuHepaaa MOHTMOPWILIOHNTA U 20 % kECTKO-KapKacHOTO LEoNInTa
KJIMHONTHJIONHUTA PacTBOPOM 17 % cepHOH KHMCIIOTBI, U €ro ruapodoOH3anus pacTBOpaMu
nomumetwicuiokcana ([IMC) n mommyTrncunokcana (I19C).

HcenenoBanue MOMIIOMIEHNS MOJIEKYJ BO/BI IIPUPOJHBIM U MOJAM(MHIMPOBAHHBIMH 00-
pa3naMu MPOBOAWIIM METOJOM HM30IHMECTUPOBAHMS B MHTEPBAJE aKTUBHOCTU PacTBOPUTEISL
(aw) ot 0,110 mo0 0,980 mpu 293,0 £1,0 K. Ha ocHOBaHMH MOJTyYSHHBIX U30TEPM aACOPOIHU
o ypasHenuio bOT onpezensun yaenbHay HOBEPXHOCTb HCCIEAYEMbIX 00pa3LoB.

Ha puc. 1 npencraBieHbl H30TEpMbI COPOLIMU BOJBI VIS TPUPOAHBIX M MOAU(PUIMPO-
BaHHBIX cOpOeHTOB. [lomy4eHHbIe H30TepMbI COPOLIUU BOBI UMEIOT S-00pa3Hblil BUI U yKa-
3bIBAIOT HA MOJIUMOJIEKYJISIPHBII XapakTep cOpOLMH PaCTBOPUTEILS.

12 4
a,MMOJIB/T
—&— NIPUPOJHBIH
—=— ¢ kucnoToi

—a—c IIMC

caC

P/PO

Puc.1. U30TepMbl cCOPOLUH BOBI

BbIsiBIeHO TOBBILICHHE CIIOCOOHOCTH K THApaTallMd M YBEIUYCHHE YJCIbHOM
MOBEPXHOCTH Sy, = 261 M/KT KUCIIOTHOOOPabOTaHHOTO MUHEpaa (Sy, IPUPOTHOTO COpOSHTA
— 197 wm%kr). OGpaGoTKa pAacTBOPAMH OPraHOCHIOKCAHOB, HANPOTHB, NPHBOLHT K
YMEHBIICHHAIO CcOpOIMM BOJABI W CHIKEHHIO YAENbHOW moBepxHOCTH (Sy;: oOpaser
00pabOTaHHBIH TTOIUMETHICHIOKCAHOM - 67 M?/KT, TIOJHITHICHIOKCAHOM - 77 M /KT).
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HYDRATION PROPERTIES OF NATURAL AND MODIFIED SORBENTS

0O.Yu. Strelnikova*, L.I. Belchinskaya*, N.A. Khodosova*,
V.Yu. Khokhlov**, Ly Thi Yen**

*Voronezh State Academy of Forestry and Technologies
394613, Russia, Voronezh, Timiryazeva str. §.
e-mail: chem.@vglta.vrn.ru
**Voronezh State University
Russia, Voronezh, Universitetskaya square, 1, 394006

Aluminosilicate sorbents are widely used for wastewater treatment of various pollutants.
To increase the adsorption activity of minerals depending on the nature of the toxicant hydro-
phobicity (for water purification from non-polar molecules: petroleum, benzene, etc.) or hy-
drophilic natural sorbents (as applied to polar molecules: formaldehyde, phenol, etc.) are re-
quired.

The aim of this work: conducting of hydrophilization of natural sorbent containing 45%
of the layered mineral montmorillonite and 20% of the rigid-frame of the zeolite clinoptilolite
by solution of 17% sulfuric acid, and its hydrophobicity by solutions of polimetilsiloxan
(PMS) and polietilsiloxan (PES).

Investigation of the absorption of water molecules by natural and modified samples
were determined by izopiesting in the range of solvent activity of solvent (ay) 0.110 to 0.980
at 293,0 £ 1,0 K. On the basis of adsorption isotherms by the BET equation specific surface
samples was determined.

Fig. 1 shows the sorption isotherms of water for natural and modified sorbents. The ob-
tained sorption isotherms of water have S-shaped form and indicate the nature of the multimo-
lecular sorption solvent.

12 4
a,mmol/g

—e—natural

—&— with acid
—— with PMS
81 with PES

0 02 0.4 0,6 0.8 1
P/PO

Figure 1. Sorption isotherms of water

Ability increase to hydration and increase in specific surface Sy, = 261 m?/kg of acid-
treated mineral (Ss, of natural sorbent - 197 m?/kg) is revealed. Processing by solutionsof or-
ganosiloxan, against, leads to a decrease in water sorption and reduction of specific surface
(Sp: sample, treated by polymethilsiloxan - 67 m?/kg, polyethilsiloxan - 77 m%/kg).
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U3MEHEHUE COCTABA KATHOHOOBMEHHOTI'O KOMILIEKCA M
COPBIIMOHHOM EMKOCTH ITIPUPOJHOI'O COPBEHTA IPU KUCJIOTHOM U
IEJIOYHOM AKTUBAILIMH

JIb1 Txu I/Ieﬂl, B.IO. Xoxnosl, JLW. Benbuunckas >
! Boponeaccuii 2ocydapemeennuiii yuusepcumem,
394006 Boponedc, Ynusepcumemckas ni., 1. E-mail: viad@chem.vsu.ru
Boponeacckas 2ocydapcmeennas 1ecomexnuueckas akadems,
394087 Boponedc, yn. Tumupszesa,8. E-mail: chem@yvglta.vrn.ru

IIpoBeneHo n3yuyeHne BIMSHUS KUCIOTHON ¥ LIEIOYHON aKTHUBALMU HA KATHOHOOOMEH-
HBIH COCTaB U COPOLMOHHbIE XapaKTePHUCTUKU MUHEpalIbHOro copbenTa MysKao, cocTosmero
U3 JIByX OCHOBHBIX KOMIIOHEHTa — MOHTMOPHIOHHTA (45%) 1 kiuHonTHiaomuTa (20%). Ax-
THUBALUIO NpUpoAHOro copdenra nposogunu 2.33 M pactBopom H,SO4 u 2 M pactBopom
NaOH B cootHommeHnn TBepaas asa : KHCIOoTa 1 : 5 Ipu HepephIBHOM NEepeMEIINBAHUH U
temmnepatype 371 K B Teuerue 6 yacos. [lonyueHnyro mybity (UIBTPOBAIHM C MOMOIIBIO Ba-
KyyMHOI'0 Hacoca uepe3 (HUIBTP U3 CHUHTETHYECKOro BosiokHa. Ocajlok Ha QUIbTPE MPOMBbI-
BallM JUCTIJIIMPOBAHHOHN BOJOH 10 HEHTpaIbHOH peaKIUM MPOMBIBHON BOMBI, BBHICYIIHBAIH
10 TOCTOSIHHOM MaccChlI.

YCTaHOBIIEHO, YTO KATHOHOOOMEHHbIH KOMIUIEKC IPHUPOIHOrO COpOEHTa IIPE/ICTABICH B
GombImoit cTenenn Horamu Ca”’ (1.18 Mr-3KB/T) ¥ B MCHBILIEM KOJIMYECTBE HOHAMU Mg2+ (0.51 wmr-
axe/r), Na* (0.17 mr-oke/r) n K' (0.04 Mr-oks/r). COpOIHMOHHAsS eMKOCTh PHPOIHOTO 00pasia 1o
vonam NHy" cocrasnsier 1.92 Mr-sKB/r.

IIpu KUCIOTHOW aKTHBALMKM HAOJIONAJIOCH CHW)KEHHE CYMMAapHOTO COAepiKaHus 00-
MeHHBIX KatioHos (Ca’", Mg®", Na™ u K*) (1a 42.2 %) 3a cuer 0GMEHHOM PeaKIui Ha HOHBI
H' u3 pactBopa. Hapsiny ¢ nonamu H', ipu ieKaTHOHHpPOBaHMY 06pa3yloTcs apyrHe copoim-
OHHBIE LICHTPBI — CHIIAHOJIBbHBIE TPYIIIbI, TPEXKOOPAMHUPOBAHHBIE aTOMbI AIIOMUHUS, @ TaK-
ke OpeHCTeI0OBCKUE EHTPbI. JJaHHbIe IEHTPbI BMECTE C OCTAaBLIMMUCS B COPOSHTE MOCIE K-
CIIOTHOW aKTHUBALMU OOMEHHBIMU KaTHOHAMHM, YYacTBYIOT B COPOLUM MOHOB aMMOHUS, YTO
NPUBOJHUT K YBEIHYCHHIO COPOIIMOHHON €MKOCTH KHCIOTHO-aKTMBMPOBAaHHOTO oOpa3lia Ha
okoo 1.3 pas.

ITpy menoyHON aKTHUBALMU OTMEUYEHO 3HAYUTENBHOE YBEINUEHHE COAEPKAHMS HMOHOB
Na' (B 7.5 pa3), CHUKEHHE HOHOB Mg2+ (B 1.9 pa3) u HeOobIIOE U3MEHEHNE KOJINIECTBA HO-
noB Ca” 1 K™ B karnonooGMenHOM Komitekce. CyMMapHOE COIEpKaHue 0GMEHHBIX KaTHO-
Hos (Ca®’, Mg*", Na" u K) Bospacraer B 1.5 pasa 10 CpaBHEHHIO C HCXOIHBIM 0ODa3IIOM.
Heo0XxoaumMo OTMETUTh, YTO KOJMYECTBO HOHOB aMMOHHMS, IIOTVIOIIEHHBIX IIEI0YHO-
AKTUBUPOBAHHBIM 06pa3u0M, 3HAYUTCJILHO BBIIIC €0 BCIIMYHUHBI KaTI/IOHOO6MeHHOﬁ €MKOCTH
(8 4 paza). [lanHblit QakT CBUAETENBCTBYET O TOM, UTO COPOLIMS HOHOB AMMOHHS IIPOUCXOAUT
HE TOJILKO 110 HOHOOOMEHHOMY MEXaHH3MY. Y CTAHOBJICHO, YTO MPH COPOLIMH MOHOB aMMOHHS
Ha ILEeJIOYHO-aKTUBUPOBAaHHOM cOpOeHTe npeobiiaiaeT JOHOPHO-AKIENTOPHOE B3aUMOICHCT-
BHE HOHOB aMMOHHs 1160 ¢ npororamu Si— OH rpymn (N ... H— O — Si), mu6o ¢ kucnopon-
ueimu atomamu (N — H....OH — Si).
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THE CHANGE IN CATION EXCHANGE COMPLEX AND SORPTION CAPACITY
OF NATURAL SORBENT IN ACID AND ALKALINE ACTIVATION

Lu Thi Yen', V.Yu. Khokhlov ', L.I. Belchinskaya 2
The Voronezh State University
Russia, 394006 Voronezh, Universitetskaya pl., 1. E-mail: vlad@chem.vsu.ru
’The Voronezh State Forest Academy,
Russia, 394087 Voronezh, Timiriazeva, 8. E-mail: chem@vglta.vrn.ru

Montmorillonite and clinoptilolite — natural mineral sorbents that are widely used in the
practice of sorption processes. A distinctive feature of these minerals is the presence of ad-
sorption and ion exchange properties, which are due to specific crystal-chemical structure and
chemical composition. In this paper the influence of acid and alkaline activation on cation ex-
change complex and sorption characteristics of the mineral sorbent M4sKso, having two main
components - montmorillonite (45%) and clinoptilolite (20%), was studied. Activation of nat-
ural sorbent was performed with 2.33 M solution of HySO4 and 2 M solution of NaOH in the
ratio of solid phase: acid (alkaline) 1: 5 with continuous agitation and temperature 371 K for 6
hours. The resulting slurry is filtered using a vacuum pump through a filter made of synthetic
fibers. The filter cake was washed with distilled water until neutrality of washing water and
dried to constant weight.

It was established that the cation exchange complex of natural sorbent is represented
mainly by ions Ca®" (1.18 meq/g) and to lesser extent ions Mg®™ (0.51 meq/g), Na* (0.17
meq/g) and K* (0.04 meq/g). The sorption capacity of natural sample regarding ammonium
ions was evaluated by 1.92 meq/g.

In the acid activation the decrease in the total content of exchangeable cations (Ca®",
Mg, Na* and K*) was observed (by 42.2%) due to the exchange reaction with H" ions from
the solution. Along with the ions H, other sorption centers were produced — the silanol
groups, triply aluminum atoms and Bronsted centers. These centers, together with the ex-
changeable cations, remaining in the sorbent after acid activation, involved in the ammonium
sorption, which leaded to an increase in the sorption capacity of acid-activated sample at
about 1.3 times.

In the alkaline activation a significant increase in the amount of Na" (7.5 times), de-
crease of Mg®" (1.9 times) and a slight change in the amount of Ca*" and K in the cation ex-
change complex was shown. The total content of exchange cations (Ca®", Mg®", Na® and K*)
increased by 1.5 times in comparing with the initial sample. It should be noted that the
amount of absorbed ammonium ions by the alkaline-activated samples, significantly higher
than its value of cation exchange capacity (by 4 times). This fact indicates that the sorption of
ammonium ions occurs not only on ion-exchange mechanism. It is established that the sorp-
tion of ammonium ions on alkaline-activated sorbent is carried out by donor-acceptor interac-
tion of ammonium ions or with protons of Si - OH groups (N ... H - O - Si), or with oxygen
atoms (N - H .... OH - Si).
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O MEXAHU3ME COPBLIMA AMMUMAKA HA TIOBEPXHOCTH .
TEPMOXUMHUYECKH MOJAN®UITUMPOBAHHBIX CUJIMKATEJIEM PASHOU
MNOPUCTOCTH

B.II. l'opmrynosa, A.H. JIykusn, C.C. llImakoBa
I'OY BIIO «Bopouescckuil 20cy0apcmeeHHblll mexHu4ecKull yHusepcumemy
394026, 2. Boponeac, Mockoeckuil npocn. 14, kagedpa xumuu

E-mail: vpgor.41@mail.ru

AMMHaK OTHOCUTCSI K XHMHUYECKHU OIACHBIM BEILECTBaM, II03TOMY BOIPOCHI, CBSI3aHHBIC
C €ro IOMIOICHUEM € LeNbI0 00e33apaXKuBaHust aTMOC(Epbl MPOMBILUICHHBIX NPEANPUSITHI
U IIPHJICTAIONUX K HUIM TePPUTOPHIA, SBIAIOTCSA aKTyaIbHBIMU. [I3BECTHO, 4TO KpEeMHE3EM-
HbIe aJcCOPOSHTHI HAIIUIM Pa3HOOOpa3HOe NMPUMEHEHHE B Ka4eCTBe W30UpaTebHBIX MOTIO0TH-
Tenel, HocuTelslel akTUBHOM (a3bl B KaTanuse U T.11. bonbloe pa3BUTHE MOJIYYHIIO XUMHYE-
cKoe MOTUGHIMPOBAHHE ITIOBEPXHOCTH JHUCIICPCHOIO KPEMHE3eMa C LEIbI0 HAIPaBICHHOTO
W3MEHEHHs ero COpOLMOHHBIX CBOWCTB. Hambonee pacnpocTpaHEHHBIMH KPEMHE3EMHBIMU
copOeHTaMu SBJISIOTCS CHIIMKaresy.

Llensto  HacTosmied  pabOTHl  SBHIOCH  HCCIEAOBaHHE  COPOIMH  aMMHaKa
TEPMOXUMHYECKH MOAU(DUIMPOBAHHBIMU CHJIMKATEISIMU Pa3HOW IOPHCTOCTH U BBIICHEHUE
MeXaHHM3Ma Ipoliecca.

UccnenoBanmu cunukarenn mapok: KCKI' — kpynHonopuctsiii cunukarens 1 KCMIT —
MEJIKOIOPHUCTBIN CHIMKareiab. XUMHYECKYI0 00pabOTKy TepMHYECKH MOANU(UIMPOBAHHBIX
copbenroB nposoam 0,1 M pacTBopom cynbdara Mean B Te4eHHE 24 4acoB IPU CTaHIApT-
HOH TeMnepatype. Jlanee n3ydanu ajcopOLHio MapoB aMMHaKa I'PaBUMETPUUSCKUM METO/IOM.
Co3naBanu atMocepbl aMMHaka ¢ 00beMHBIMH KOHIeHTpauusamu S5, 10, 20, 50, 100, 200 u
400 mr/n’.

JlecopOruio aMMuaka XUMUYECKH MOAW(GHUIMPOBAHHBIMHM CHIIMKAreISIMH M3ydyaid Ha
copOeHTax, NpeBapUTENIbHO HACHILIEHHBIX B Cpe/le aMMHaKa ¢ 0ObeMHBIMU KOHIIEHTpaLUs-
mu 20,100 1 400 Mr/m® 1pu cTaHZapTHOI TeMIEpaType, a TAKKe B OTOKE TOPSHUEro BO3-
nyxa mpu temneparypax 150 - 175 °C 1 250 — 275°C. UccienoBanue onTHYECKOTO [OTIO-
menns B MK-o6mactn criektpa (4000-550 cm™) mpoBomin ¢ momompio MK - dypbe criek-
tpomerpa Vertex 70 (bpyxep) ¢ npucraskoii HIIBO.

VYcraHoBIeHO, 4TO ancopOIMs aMMHaKa XHUMHYECKH MOAU(UIMPOBAHHBIM MEJIKOIIO-
PHUCTBIM CHJIMKArejaeM 3HauMTENbHO BBILIE, YeM KPYMHOMOpHUCThIM (0T 2,3 10 2,8 paz). Oto
XOPOIIO COTIAacyeTcs ¢ 0COOEHHOCTSIMU CTPYKTYPBI CUIIUKAreNel, a UMEHHO HaJIM4UeM Ha HX
MOBEPXHOCTH CHJIAHOJNBHBIX M BHLIMHAIBHBIX TPYNIL. JTH CTPYKTYpPHbIC I'PYIIBI CIOCOOHBI
YACPKHUBATh aMMHUAK BOJAOPOAHBIMH CBSA3SMU. Takux rpynmn 60.]'lbLLle Ha MOBEPXHOCTU CUJIH-
karenst mapku KCMI'. Kpome Toro, B pesyibTaTe NpOINMTKH CUIIMKAreneidl pacTBOpOM Mel-
HOTO KyIopoca HX Iopsl cozepxar aksa-komruiekcsl [Cu(H20)4]*". B mporecce ancopGuun
HaOJII01AJIOCh MPEBPAIlleHHE aKBAKOMIUIEKCOB B aMMHHOKOMILIEKCHI (roiy0oil 1BET rpaHyi
COpOEHTOB NpeBpallalcs B CUHUI). 3HAYUT, IPOUCXOAUT 0Opa30BaHUE XUMUUECKUX CBA3EH
aMMHaKa C KaTHOHAMU Meau. XHUMHYECKasl COCTABISIONIAs aJCOPOLMOHHOTO B3aUMOICHCT-
Busi y KCKTI 6osnbie, vem y KCMI'. M3yuenune npoueccoB aecopOLyy MOATBEPIMIO MPe.-
MOJIOKEHHE O XapaKTepe COpOLMU aMMuaKa CHIMKAre/sIMU pasHol HOpHcTocTH. B coorBer-
cTBuM ¢ nonydeHHsiIMH MK — cnekTpamu nepepacrnpeesieHie WHTEHCUBHOCTEH MOJIOC Mo-
IJIOIEHUS CUJIAHOJIBHBIX M BUIMHAJIBHBIX IPYIIT COPOEHTOB XOPOLIO COIJIaCyeTcs C Pe3ylib-
TaTaMy M3y4YeHHs aICOPOLHUH.
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ABOUT AMMONIA SORBTION MECHANISM ON SURFACE OF
TERMOCHEMICALLY MODIFIED SILICA GELS OF DIFFERENT POROSITY

V.P. Gorshunova, A.N. Lukin, S.S. Shmakova
Voronezh state technical university
394026, Voronezh, the Moscow avenue 14, chemistry chair
E-mail: vpgor.41@mail.ru

Ammonia relates to chemically dangerous substances, therefore the questions con-
nected with its absorption for the purpose of disinfection of atmosphere of the industrial en-
terprises and territories adjoining to them, are relevant. It is known that silice adsorbents are
differently used as selective absorbers, carriers of an active phase in a catalysis etc. Chemical
surface modifying of dispersed silice for the purpose of directed change of its sorption proper-
ties is widely developed. The most widespread silice sorbents are silica gels.

The purpose of this work was the research of ammonia sorption by thermochemically
modified silica gels of different porosity and identification of the process mechanism.

There were investigated the following silica gels: macroporous silica gel and fine por-
ous silica gel. Chemical activation of thermally modified sorbents was made by 0,1 M of a
copper sulfate solution within 24 hours at standard temperature. Then ammonia gas adsorp-
tion was studied by gravimetrical method. There was created ammonia atmospheres with vo-
lume concentration of 5, 10, 20, 50, 100, 200 and 400 mg/m3.

The ammonia desorption by chemically modified silica gels was studied at standard
temperature and also in a stream of hot air at temperatures of 150 - 175 °C and 250 — 275°C.
Research of optical absorption in infra-red-area of spectrum (4000-550 sm™) was made by
means of IR — Fourier spectrometer Vertex 70 (Bruker).

It is established that ammonia adsorption by chemically modified fine porous silica gel
is much higher, than ammonia adsorption by macroporous silica gel (from 2,3 to 2,8 times). It
is well coordinated with silica gel structure, specifically with presence of silanol and vicinal
groups on their surface. These structural groups are capable to keep ammonia by hydrogen
bonds. There are more such structural groups on the surface of fine porous silica gel. Moreo-
ver, as a result of impregnation of silica gels by copper vitriol solution their porous contain
aqua - complexes [Cu(H,0)4] > *. During the adsorption process the transformation of aqua-
complexes into ammino-complexes was observed (blue color of granules of sorbents turned
into dark blue). It means that, there is a formation of ammonia chemical bonds with copper
cations. A chemical component of adsorptive interaction is more observed in macroporous
silica gel than in fine porous one. Studying of desorption processes has confirmed the state-
ment about the character of ammonia sorption by silica gels of different porosity. According
to received infra-red - spectrum, redistribution of absorption strips intensity of silanol and vi-
cinal groups of sorbents is well coordinated with results of adsorption studying.
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COBMECTHAS AJICOPBIIUSA ACKOPBMHOBOM KMCJIOTHI U
o -TOKO®EPOJIA HA THAPO®UJIBHO-THAPO®OBHbIX KPEMHE3EMAX

W.B. Jlaryra, O.H. CraBunckas, I1.A. Kysema, O.A. KazakoBa
Hucmumym xumuu nogepxnocmu um. A.A. Yyiiko HAH Vkpaunui,
yiu. enepana Haymosa 17, Kues 03164, Yxpauna, e-mail: laguta@i.com.ua

AHTHOKCH/IQHTBI IIHPOKO HCIIONB3YIOTCS B COCTABE JICKAPCTBEHHBIX CPEICTB, B KOCME-
TOJIOTHH, THILEBOH MPOMBIIUIEHHOCTH, BeTepuHapuu. Hapsny ¢ uccienoBaHueM MHIUBHY-
AJIbHBIX AaHTHOKCHIAHTOB 60J'll)LLlOe BHUMAHUE YICIAIOT 1'101160py KOM6VIHaLlVlI>’I AHTHOKCH-
JIAHTOB, 00ECTICUMBAIONINX MAaKCUMAIbHO d(dexTnBHOE HX AeiicTBue. CHHEPru3M AeicTBHS
AQHTHOKCH/IAaHTOB HAOJIIOIaeTCsl, HAPUMEp, JUIS BEIIECTB C Pa3IMYHbIM MEXaHU3MOM JeHCT-
BHs UJIU C pa3nwm01?'1 PacTBOPUMOCTBIO; U3BBECTHBIMU CUHEPTUCTAMU SABJIAIOTCS, B YaCTHOCTH,
ackopOMHOBasi kuciora U o-tokodepon (Butamuael C u E). CamocrosTenbHbIH MHTEpecC
MpECTaBIsIET MOUCK (OPM M COCTABOB, MO3BOJISIONIMX OOBEAUHATH B OAHON KOMITO3UIIUK
HECKOJIbKO aKTHUBHBIX BEIIECTB, 00CCIICUMBAIONIMX IPOJIOHTHPOBAHHOE JICHCTBUE aKTHBHOTO
BEIIECTBA, YBEIMYMBAIOIINX CTAOMIBHOCTh aHTHOKCHAAHTOB NPU XpaHeHHH. B HacTosiueit
paboTe paccMaTpuBaeTCsi BO3MOXHOCTh MCIIOIBb30BaHHS THAPOPHILHO-THAPOPOOHBIX Kpem-
HE3eMOB JJIsl COBMECTHOM ancopbuuu ButamMuHoB C U E U nocienyromiero npuMeHeHus Ta-
KHX KOMITO3UTOB B 00JIE€ CIIOKHBIX CHCTEMaX M COCTaBax.

Merto/10M ra3o()a3HOr0 XMMHYECKOr0 MOJHU(DUIIUPOBAHUS KPEMHE3eMa MOIyYCHBI TH/I-
podunpHO-THAPO(YOOHBIE aJCOPOSHTBI CO CTENEHBIO 3aMEIICHUS CHIIAHOJBHBIX TPYHI Ha
TpuMeTHICHIMIBHEIE 10 40 %. M3ydeHa ciocoOHOCTh THAPOGUIBHO-THAPOGOOHBIX KpeMHe-
3eMOB K afcopOuun o-Tokodeposia i aCKOPOMHOBOI KUCIOTHI M3 UHIUBUAYAIbHBIX PACTBO-
POB M U3 pacTBOpa, COACPIKAIIEr0 CMECh AHTUOKCHAAHTOB. [lyTeM coBMecTHOW ancopOrun
AQHTHOKCH/IAHTOB M3 CIIUPTOBOTO pacTBOpa M IOCIEAYIOIIeH BaKyyMHOH CYIIKH 0Opa3ioB
MOJTy4eHbI KOMITO3UTHI, COJIeprKallle Ha TIOBEPXHOCTH 00a BUTaMuHa. CTPYKTypa IMOBEPXHO-
CTHBIX KOMIUIEKCOB B KOMIIO3MTaX H3y4eHa ¢ MPUMEHEHHEM METOJIOB KBAaHTOBOH XMMHHU H
TEPMOINPOrpaMMHUPYEMOii JIeCOpPOLIOHHOM Macc-criekTpomeTpuu. [TokasaHo, 4To BoJOpac-
TBOpHUMBIN BuTaMuH C ¥ )HPOPACTBOPHMBIN BUTAaMUH E asicOpOHPYIOTCS COOTBETCTBEHHO Ha
rupoGUIbHBIX U THAPOGOOHBIX y4acTKaX KpeMHe3eMa, IIPH 9TOM TePMOANHAMUYECKUE Xa-
PaKTepPHUCTUKH aICOPOIIMU HE 3aBUCST OT IPUCYTCTBHUS B PACTBOPE BTOPOTrO aHTHOKCHIAHTA.

W3yuena necopOryst aHTHOKCHIAHTOB C MOBEPXHOCTH KPEMHE3EMOB B BO/Y, Ba3eINHO-
BOEC Macllo, 3THJIOBBIN crupT. [loka3aHo, 4TO Ha JECOPOLMIO KaXI0r0 M3 BUTAMHUHOB B Pa3-
JIMYHBIC PACTBOPUTENHU NMPAKTHYECKH HE BIIHSCT NPHCYTCTBHE B KOMIIO3UTE BTOPOI'O aKTHB-
Horo BeuiecTsa. [Ipy BBeIeHUM KOMIIO3UTA B BOLY MJIM MACJIO C TOBEPXHOCTH KOMIIO3MTA J1e-
copOupyeTcsi COOTBETCTBEHHO aCKOPOWMHOBAas KHCIOTa WM O-TOKO(EpoI, Mociie 3aMeHb
pacTBOpHUTENS HA MAcio/BOAY HMPOMCXOJUT BHICBOOOXKIEGHHE BTOPOro BemiecTBa. Ilpu mumm-
TEJILHOM ([0 T0J[a) XPAaHEHHUH CYXHUX KOMITO3UTOB B OOBIYHBIX YCIIOBHSX aKTHBHbBIC BEIECTBA
COXPaHSIOT CBOM aHTHOKCH/IAHTHBIC CBOICTBA: JeCOpPOUpYEMbIE C MOBEPXHOCTH KpEMHE3eMa
BUTAMUHBI XapaKTEPU3YIOTCS TEMH K€ 3HAYEHHSIMH 00IIero (p)eHOJILHOr0 MHJEKCa U aKTHB-
HOCTBIO B PEAaKIMH CO CTAOHJIBbHBIM PaJUKaioM IHU()ECHUITHKPUITHIPA3ZHIOM, YTO U UCXO/I-
HbIC BELIECTBA B CBEXKEIIPUTOTOBICHHBIX PaCTBOPAX.
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COADSORPTION OF ASCORBIC ACID AND a-TOCOPHEROL ON
HYDROPHILIC-HYDROPHOBIC SILICAS

1.V. Laguta, O.N. Stavinskaya, P.A. Kuzema, O.A. Kazakova
Chuiko Institute of Surface Chemistry of NAS of Ukraine,
17 General Naumov Str., 03164 Kiev, Ukraine, e-mail: laguta@i.com.ua

Antioxidants are widely used as drugs, in cosmetology, food industry and veterinary
medicine. Along with the investigation of individual antioxidants much attention is paid to
search of antioxidants combination providing the most effective action of the active sub-
stances. For instance, synergistic antioxidant action is observed for the substances with dif-
ferent mechanism of action or with different solubility. In particular, ascorbic acid and o-
tocopherol (vitamins C and E) are the well-known synergists. The search for compositions
and formulations allowing one to combine several active substances in one composition, to
provide the prolonged action of active substance, to improve the storage stability of the anti-
oxidants, is of particular interest. In this work the possibility to use hydrophilic-hydrophobic
silicas for coadsorption of vitamins C and E and subsequent application of such composites in
more complex systems and formulations is considered.

The hydrophilic-hydrophobic adsorbents with the degree of silanol groups substitution
with trimethylsilyl ones up to 40% were obtained via gas-phase chemical modification of sili-
ca. The adsorptivity of hydrophilic-hydrophobic silicas with respect to a-tocopherol and as-
corbic acid from individual solutions and from their mixture has been studied. The compos-
ites containing two vitamins were obtained via coadsorption of these antioxidants from etha-
nol solution on the silica surface and its subsequent vacuum drying. The structure of surface
complexes in the composites has been studied using the methods of quantum chemistry and
temperature-programmed desorption mass spectrometry. It has been shown that water-soluble
vitamin C and fat-soluble vitamin E are adsorbed respectively on hydrophilic and hydropho-
bic sites of silica surface, with the thermodynamic characteristics of adsorption being not de-
pendent on the presence of second antioxidant in solution.

The desorption of the antioxidants from the silica surface into water, vaseline oil, and
ethanol was studied. It has been shown that the presence of the second active substance in the
composite does not affect the desorption of each vitamin into different solvents. When the
composite is introduced into water or oil, the desorption of ascorbic acid or a-tocopherol, re-
spectively, occurs, and after the solvent is changed to oil/water, the release of the second sub-
stance takes place. During the long-term storage (up to one year) of dry composites at am-
bient conditions the active substances retained their antioxidant properties: the vitamins de-
sorbed from the silica surface are characterized by the same values of the total phenol index
and the same activity in the reaction with stable radical diphenylpicrylhydrazyl as the initial
substances in freshly-made solutions.
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AJICOPBIIMOHHBIE CBOMCTBA KPEMHE3EMOB, MOJU®UIIAPOBAHHBIX
1,5-AUXJTOP(FrEKCAMETUWITPUCHJIOKCAHOM)

T.M. Poumna, H.K. lllorns, M.C. Jlaryrosa
Mockosckuii cocydapemeennulii ynugepcumem um. M.B. Jlomonocosa,
Xumuueckuii paxyromem, 119991, Mocksa, Jlenunckue eopwi, 0. 1, cmp. 3
E-mail: 2474747@mail.ru; Masha-Lagutova@yandex.ru

Taxue cBoiicTBa cunokcaHoBbIX (Si-O-Si) cBsi3el, Kak BbICOKask TEPMHUUECKasi CTAOMITb-
HOCTb M BBICOKash T'MOKOCTb OOECNEUMIM IPUBIIEKATEIBHOCTh HCIONB30BAHUS "XUMHUH
CHJIOKCAHOB" IS JM3aiiHa HU3KOYHEPreTHYeCKHX TuApodoOHBIX MOBEpXHOCTEH ¢ Heamuda-
TUYECKOH apXuTeKkTypoii [1, 2].

B pabore meTogamu ra3oBoit XxpomMaTorpa(uu U CTaTHYECKOH afcopOLUM HCCIeJOBAHBI
CBOIiCTBa IOBEPXHOCTH KPEMHE3eMOB, XHMHYECKH MOANU(UIMPOBAHHBIX 1,5-auxiop-
(rexcameTunrpucuiaokcanom). [TokazaHo, uto MoguduIpoBaHue ucxoaHoro Hocutemst SiOa,
HE3aBUCUMO OT HPHPOJBI MOJIEKYI acopOaToB, COMPOBOMXKIAETCS CHIXKEHHEM BEJIUUYHMH af-
copOiun, mpudeM CBOICTBa MOBepXHOCTH obOpasma OMS-1 (4.5 IMMETHIICHIOKCAaHOBBIX
Ipynn/HM~ NPaKTHYECKH HE OTIMYAIOTCS OT CBOWCTB HU3KOPHEPIreTHUECKOro KpeMHe3eMa ¢
XMMHYECKH IPUBUTBHIM TPUMETHICWINIBHBIM IOKpbITHEM [2]. HeGombimoe yBenuueHue
wioTHOCTH mpuBUBKH HAa OMS-2 (10 5.1 rpynn/HM2) TIPUBOJNT K POCTY Kak KOHCTAaHT [ eHpu
Kr, Tak 1 BenuuuH agcopdbuuu no cpasHeHuto ¢ OMS-1. ITpu strom Ha OMS-2 TemnoTs! aj-
copOIy H-alKaHOB HEMHOTO BBIIIE, YeM Ha HUCXOJHOM KpeMmHeszeme, a Ha OMS-1 u SiO;
COBMAAAIOT B IpeJieax MOTrPeHOCTH dKenepruMenTa. ClaeaoBaTenbHO, CHIKEHHE 3HAUSHHUH
Kt Ha XMMHYeCKH MOJM(PHIMPOBAHHBIX KpeMHe3eMaX O0OYCIIOBIECHBI SHTPOIUIHBIM (aKTo-
pPOM: Ha OJMIOJMMETHJICUIIOKCAHOBBIX CIOSIX 3HAUEHHUs CTaHIAPTHBIX SHTPONHUN agcopOLuu
QJIKAHOB 3aMETHO MaJalo0T B cpaBHeHUH ¢ SiO», UTO, BEPOSTHO, CBSI3aHO CO CHIIKEHHEM I10]-
BWJKHOCTH aJICOPOMPOBAHHBIX MOJIEKYJI B CTPYKTYPUPOBAHHBIX IIPUBUTHIX CIIOSIX.

Bennuunsl Kr apoMaTtuueckux yriesonoponos Ha OMS-1 u OMS-2 B =1.5 pa3a Bsliue,
4eM H-aJIKaHOB C OJIMHAKOBBIM YHCIIOM aTOMOB yIiieposia B MoJeKyine. Takue jke COOTHOIIIe-
HMSl OTMEUEHBI U Ha HENOJAPHOH >xuakoi ¢asze nomumermiacmiokcane OV-1. Ilpu sTom Ha
OMS-2 npouCcXOoIuT BBHIPABHHBAHUE TEIUIOT aJCOPOLMH COOTBETCTBYIOIIMX HACBHIICHHBIX H
apOMaTHYECKHX YIJIEBOJOPOAOB, YTO XapaKTEPHO AJIsS BBHICOKOOIHOPOAHBIX M HEMOJSPHBIX
nosepxHocteid. [IpuButele cion Ha OMS-1 MeHee 3 PeKTUBHO IKPAHUPYIOT OCTATOUHBIE CHU-
JIAHOJIBHBIE TPYIIIBI HOCUTEJIS: pa3jiMuie B TEINIOTax axcopOuuu Ag OeH3ona U rekcaHa co-
crapisier 6 k/bx/Monb. IlogoOHbIe COOTHOMIEHHS HAOMIOAAIOTCS W JUIS Mapbl JUATHIIOBBIH
s¢up-nenran (Ha OMS-2 u OMS-1 Ag paBubl 22 u 29 kJX/MOJIb COOTBETCTBEHHO). JTH
CBOIICTBA NMOATBEPXKAAOTCS CTATUYECKUMHU JaHHBIMU - (hopMa U30TepM ajicopOLuu OeH3ona u
COOTHOLICHHE BEIUYHMH acopOIny OeH30/a M TeKCaHa B 00J1aCTH MaJIbIX 3arlOIHEHHI CBU/Ie-
TEJIBCTBYET O 3aMETHOM MOJIIpHOCTH oBepxHOCcTH OMS-1 1o cpaBHeHHI0 ¢ OMS-2.

B nenoM, noxyueHHbIE JaHHBIE O3BOJISIOT MPEIOI0KHUTE, YTO OOHAPY>KEHHbIE Pa3JIu-
4yMsl B CBOMCTBAaX KPEMHE3EMOB C OJHMIOJMMETHJICHIOKCAHOBBIM MOKPBITHEM OOYCIIOBJICHBI
0CcOOEHHOCTSIMU pactipezieieHust Moaudukaropa Ha nmosepxHoctd OMS-2, KoTopoe MPUBOJUT
K (OPMHPOBaHMIO "arperupoBaHHBIX" CTPYKTYp, HPEICTABIAIOINX COOOH COBOKYHMHOCTD
"apok" pa3HBIX pa3MepoB.
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ADSORPTION PROPERTIES OF SILICAS MODIFIED WITH
1,5-DICHLORO(HEXAMETHYLTRISILOXANE)
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Such properties of siloxane (Si-O-Si) bonds, as high thermal stability and high flexibili-
ty, to provide attractive use of “siloxane chemistry” for the design of low-energy hydrophobic
surfaces with nonaliphatic architecture [1, 2].

The surface properties of silicas chemically modified with 1,5-dichloro-
(hexamethyltrisiloxane) were studied using gas chromatography and static adsorption me-
thods. It is shown that the modification of the initial silica SiO,, regardless of the nature of
adsorbate molecules, accompanied by a decrease the adsorption, and surface properties of the
sample OMS-1 (4.5 dimethylsiloxane groups/nm?) do not differ from low-energy properties
of silica with chemically grafted trimethylsilyl coating [2]. A small increase in grafting densi-
ty on the OMS-2 (up to 5.1 groups/nm?) leads to an increase in both Henry constants Ky and
the adsorption as compared to OMS-1. At the same time on the OMS-2 heats of adsorption of
n-alkanes is slightly higher than on the original silica, but on the OMS-1 and SiO, are identic-
al within experimental error. Consequently, reducing the values of Ky on the chemically mod-
ified silicas are caused by the entropy factor: on the oligodimethylsiloxane layers values of
standard entropies of adsorption of alkanes decreases significantly in comparison with SiO,,
which is probably associated with mobility reduction of adsorbed molecules in a structured
grafted layers.

The quantities of aromatic hydrocarbons in Ky OMS-1 and OMS-2 ~ 1.5 times higher
than n-alkanes with the same number of carbon atoms in the molecule. The same relations are
marked on the nonpolar liquid phase OV-1 (polymethylsiloxane). At the same time on the
OMS-2 heats of adsorption of the saturated and aromatic hydrocarbons, roughly equal, this is
typical of high homogeneous and non-polar surfaces. Grafted layers at OMS-1 a less effective
screen residual silanol groups of the carrier: the difference in heats of adsorption Ag benzene
and hexane is 6 kJ/mol. Similar relationships are observed for a pair of diethyl ether-pentane
(to OMS-2 and OMS-1 Agq equal to 22 and 29 kJ/mol, respectively). These properties are con-
firmed by static data. The form of adsorption isotherms of benzene and the ratio of the ad-
sorption of benzene and hexane in the initial region of coverages show a marked polarity of
the surface of OMS-1 compared with OMC-2.

Overall, these data suggest that the differences in the properties of silica-coated oligo-
dimethylsiloxane caused by features of the distribution of the modifier on the surface of the
OMS-2, which leads to the formation of the "aggregate" structures representing a set of
"arches" of different sizes.
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AJCOPBIIMOHHBIE CBOMCTBA MOCTHUKOBBIX MOJIMCUJICECKBUOKCAHOBBIX
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B npenpiaynmx padorax [1,2] HamMu ObUIM OIMCAaHBI METOJMKH CHHTE3a (PYHKIIMOHAIH-
3UPOBAHHBIX MOCTHKOBBIX TOJHCUICECKBUOKCAHOBBIX KCeporeiel, a B [3] - uccineoBaHbl HX
a/IcOpOIIOHHBIC CBOICTBA 110 OTHOLICHHIO K MOJIEKYJIaM Pa3JIMYHOTO 3JEKTPOHHOIO CTpOe-
Hus. Lenb naHHO# paboThl — IyTeM CpaBHEHHs U30TEPM aJcOopOLMH a30Ta, H-TeKCaHA U TPH-
STHIAMUHA ONPEICIUTh BIUSHHE XUMHUYCCKON MPUPOAbI (DYHKIHOHAIBHBIX IPYIIN Ha THI
M30TEpM aJcopOLMK U XapaKTep B3aUMOJEHCTBHs ancopOeHT-aacopdat. Hamu Obutn mccie-
JIOBaHBI TOJMCHICECKBUOKCAHOBBIC COPOCHTBI C ITHIICHOBBIM MOCTHKOM, ()yHKIIHOHAIH3UPO-
BaHHBIE 3-aMHUHONPONUIBHBIMH, 3-MEPKaNTONPONMWIbHBIMUA, OJHOBPEMEHHO 3-aMUHO- H 3-
MEpKaITONMPOIHIBHBIMY, a Takke GochoHoBbIME rpymmamu. OCOOEHHOCTSMH MOJHUCHIICECK-
BHOKCAHOBBIX COPOEHTOB SIBJISETCS TO, YTO 3THJICHOBBIE OPraHUYECKUEe MOCTHKH, CBS3aHHbIC
¢ JIByMsl aTOMaM{ KPEMHUsI ¥ TIPHHUMAIOIINE YYacTHe B mpouecce pOpMHUPOBaHUS KapKaca
Hapsy ¢ CHJIaHOJIBHBIMM TPYNIAMH, HAXOJATCS B 00beMe cOpOeHTa U IIPUIAIOT €My OIpejie-
JICHHYIO 9JIACTHYHOCTD, YTO TAK)KE MOXKET OKa3bIBaTh BIMSHHE HA B3aUMOJCHCTBHE aJICOP-
OeHT-aacopOar.

Ha Bblleyka3aHHbIX 00bEKTax ObLIM M3MEPEHBI H30TEPMBI aJICOPOLIUH a30Ta, H-TeKCaHa
U TpUSTHIAMUHA. Pe3yiapTaThl M3MEpEHHH MOKa3aly, 4TO BCe 00pasiibl HMEIOT Pa3BUTYIO I10-
pHCTYIO CTPYKTYPY (Sy, =400-600 M/r; Vi=0,2-1,5 em’/r; d=2,4-15 HM), a TUII H30TEPMBI
aJICOpOLIMK  OTPeIeIISIeTCS.  KUCIOTHO-OCHOBHBIMH CBOMCTBAMH  (DYHKIMOHAJBHBIX TPYIIIL.
H3oTepmsl ancopOrmu a3ota At Bcex 00pa3loB pacnoiaraloTes BbIIIE, YeM JUlsl APYTUX al-
cop0aToB, YTO MOXKET OBITH 00YCIIOBJICHO JIAOMIEHOCTBIO KapKaca 3a CYeT MOCTHKOB OpraHU-
YECKOW MPHUPO/BI, KOTOPBIE MPU CTOJb pa3iuyaroIuxcs Temneparypax usmepenus (77K mns
azora 1 293K ni1s n-rexcaHa) MOTyT IPOSIBIATb Pa3JIMUHbIE aACOPOLMOHHBIE CBOWCTBA [4].

Hccnenyembie Kceporesu COAEpKAT 3HAYMTENbHBIC KonnmdecTBa OCHOBHBIX (-NHp) u
KHACJIOTHBIX (yHKIMOHaNBHEIX rpymn (=Si-OH, -SH, - P(O)(OH),) u u3otepMsl agcopOrm
TPUATHIAMMHA PACIIOJIATraloTCs BBILIE, YeM JUlsl H-TekcaHa. VIckiroueHue cocrapiseT odpaser|
¢ Goc(hOHOBBIMHU IpyIIIAMHU, OT KOTOPOTO OKHIATIOCH MPOSBICHUE 00Jiee CHIBHBIX TPOTOHO-
JIOHOPHBIX CBOMCTB 110 CPAaBHEHHIO C 00pa3LOM, COAEPKAIIUM MEPKAITOrPYIIIbl, U HAa KOTO-
pom D cocrasmsuo 2,2 tp/uv? 1 1,0 rp/HM? COOTBETCTBEHHO. MBI [IOIaTaeM, UTO 3TO CBA3AHO
co cBoiictBamu (ocdonoeix rpymi. [To-BunuMomy, B npouecce GOPMUPOBAHHS KCepores
BO3MOYKHA KOHJICHCAIIUSI CHJIAHOJNBHBIX Tpymn ¢ ¢pocdonoBeiMu. Kpome Toro, pochoHoBbIe
IPYIIIBI TAKKE MOTYT OOpa3OBBIBATH BOJOPOAHBIC CBSI3U C THAPOKCHIBHBIMU TPYIIAMU H
MeXIy co00i 1 I0ITOMYy He 00pa3yloT BOJOPOIHBIX CBs3Eil ¢ alcOpOMPOBAHHBIMU MOJIEKY-
JIAMH TPHATWIIAaMUHA. W, HAaKOHEI], aKTUBHBIC [IEHTPbI MOTYT SKPaHUPOBATHCS ITHICHOBBIMU
MOCTHKAMH.

1. H.B.IlIBaiikoBceka, I.B.Menbauk, I'.P.lOpuenko, O.K.MatkoBcrkuid, F0.J1.3y6 // Ximis,
(hizuka ta TexHonoris moBepxHi, 2004, Ne10, C. 80.

2. W.B.Menbruk, H.B.Cromsapuyk, O.A. [ynapxo, F0.J1.3y6, A.Dabrowski, M.Barchak, B.
Alonso// ®u3ukoxuMus MOBEPXHOCTH U 3aiiuTa Matepuainos, 2010, 1.46, Ne2, C.206.

3. T.P.IOpuenko, A.K.Markosckuii, H.B.Cromspuyk, }0.J1.3y6 // IloBepxuocts, 2009,
Beimn.1 (16), C. 26.
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ADSORPTION PROPERTIES OF BRIDGED POLYSILSESQUOXANE SORBENTS
FUNCTIONALIZED BY AMINO-, MERCAPTO-, AND PHOSPHONIC GROUPS

G.R. Yurchenko, A.K. Matkovsky, N.V. Stolyarchuk, I.V. Melnyk, and Yu.L. Zub
Chuiko Institute of Surface Chemistry of NAS of Ukraine, 17, General Naumov Street, Kyiv
03164 Ukraine; E-mail: melnyk_inna@isc.gov.ua

In our previous publications [1,2] procedures of synthesis of bridged polysilsesquoxane
xerogels have been described and in [3] the adsorptivity relative molecules with different
electronic structure has been studied. The goal of present work consists in determination of
the influence of functional groups chemical nature on the type of adsorption isotherms and the
nature of adsorbent-adsorbate interaction by comparing adsorption isotherms of nitrogen, n-
hexane, and triethylamine. Polysilsesquoxane adsorbents with ethylene bridges functionalized
by 3-aminopropyl-, 3-mercaptopropyl-, simultaneously 3-amino- and 3-mercaptopropyl-, and
phosphonic groups have been under our study. The features of polysilsesquoxane adsorbents
are that, the ethylene organic bridges connected with two silicon atoms take place in forma-
tion of the framework side by side with silanol groups, disposed in the volume of adsorbent
and imparted certain flexibility which also may influence on adsorbent-adsorbate interaction.

On the above mentioned objects adsorption isotherms of nitrogen, n-hexane, and trie-
thylamine have been measured. As the result of these measurements, all samples have well
developed porosity (Ss,= 400-600 m’g’; V= 0.2-1.5 em’g”; d= 2.4-15 nm) and a type of ad-
sorption isotherm depends on acidity-basicity properties of functional groups. Nitrogen ad-
sorption isotherms are arranged higher for all samples in comparison with other adsorbates,
possible due to lability adsorbent's frameworks owing to organic nature of bridges and, as re-
sult, the demonstration different adsorption properties caused by large difference in tempera-
tures of measurements ( 77 K and 293 K respectively ) [4].

Xerogels under study contained in substantial amounts of basic (-NH;) and acidic (=Si-
OH, —SH, -P(O)(OH),) functional groups. The higher arrangement of triethylamine adsorp-
tion isotherms comparative to n-hexane isotherms have been observed for all adsorbents.
With the exception of phosphonic groups for which the revealing of stronger proton-donor
properties to be expected compared with adsorbent containing in mercapto groups, the con-
centration of functional groups was 2.2 and 1.0 groupnm™ respectively. We suppose that this
connected with the properties of phosphonic groups. Apparently, the condensation between
silanol and phosphonic groups is possible. Besides, the formation of hydrogen bonds between
phosphonic and silanol groups may take place as well as between each other phosphonic
groups. So appearance of hydrogen bonds between phosphonic groups and triethylamine mo-
lecules becomes complicated by above factors. At last, the active sites may be shielded by
ethylene bridges.
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AJICOPBLIUA Ar, CO,, N, HA CJIOUCTBIX CUJIMKATAX PA3JIMYHBIX
HMOHOOBMEHHBIX ®OPM.
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IIpoBenens! uccnenoBanus paBHoBecHOH aacopbimu Ar, CO,, 1 N, Ha pa3nuvHbIX HO-
HOOOMEHHBIX (popMax MOHTMOpHIUIOHHTA — HarpueBod (NaMt), nupuaunuesoin (PyMt) u
BojoponHoi popme Oentonuta (K10) mpu remneparypax 303, 343, 373, 400 K u B auamnaso-
Hax gasieHuii: 0.1 =~ 60 MIla gis Ar, 0.1+6 MIla g CO; u 1.33*10™+ 0.1 MIla TIpH TeM-
neparype 77K mist N,. I[Ipu 00paboTke moIydeHHBIX SKCIEPUMEHTANIBHBIX JaHHBIX OBUTH OI-
pelereHbl CTPYKTYpHbIE ITapaMeTpbl aacopOCHTOB: MONHbIH aacOpOLUOHHbIH 00beM W, 00b-
eM MUKporop W,,, miomaas HOBEpXHOCTH. J{JIst 3TOro NCIOoNB30BaNIM HAPsAY C XOPOLIO U3-
BECTHBIMHM METO/IaMH TaKHMH, KaK, METOJl, OCHOBAaHHBIH Ha NpUMEHEHNH ypaBHeHHs [lyOu-
HHUHa-PanymkeBuya, Takke paspadorannsiit Hamu Metoq (MOAO)[1] s onpeneneHus moi-
HOTO acOpOILMOHHOr0 00beMa 10 aJcopOLMU I'a30B, U aJbTEPHATUBHBIA METOA [UIs OTpe/e-
JICHUS! TIOJTHOTO aJICOPOLMOHHOTO 00beMa MOPUCTHIX ajcopOeHToB [2]. IlepBblil MeTox He Hc-
MOJIB3YeT MPEATIONIOKEHHUI O COCTOSIHUM acOPOMPOBAHHOTO BEILIECTBA, @ BTOPOH OMMpaeTCs
Ha NPEANOJIOKEHHE O TOM, YTO ancopOar xuakononodeH. [lapamerpsl MOPUCTOI CTPYKTYpPBI
HCCIIEJOBAaHHBIX 00pa3loB ObUIM ONpenesieHbl U3 n30TepM ancopounu N, npu 77K Ha npubo-
pe ASAP-2020 u mpezncrasnenst B Tabn.1. B otiauynn ot agcopoimn CO, Ha BhIIeyKa3aH-
HBIX ajicopOeHTax, KoTopsie npu Temneparypax 300+400 K uMeroT HOpManbHY TeMIiepa-
TYPHYIO 3aBHCHMOCTb, B citydae afgcopouuu Ar Ha NaMt u K10 u B Toit xe obmacTu Teme-
paTtyp BBICOKHE JABJICHUS BBI3BIBAIOT HApyIICHHUE TEMIIEPATypHON 3aBUCHMOCTHU a/ICOPOLHH,
a MMEHHO - M30TepPMBI aJICOPOLIMH P GoJiee BHICOKHUX TEMIIEpaTypax MPEBbIILAIOT H30TEPMBI
agcopOuy mpu OoJiee HU3KUX TeMIlepaTypax, 4To, KaK MbI I10JIaraéM, CBSI3aHO C yBEIHYCHH-
€M aJICOPOIIMOHHOr0 00beMa. ITO MOATBEPKACHO pacyetamu (cM. Tabu.1). 3HaueHHs MOTHO-
ro ajcopOIOHHOI0 00BbEMa MCCIIEOBaHHBIX aacopOeHToB npu aacopbiuu Ar, CO, u N»
IIPY pa3JINYHBIX TEMIIEPATypax MpUBEICHbI B Ta0mumel:

TaGmuual 3HaueHHs MONHOrO anCOpGLHOHHOrO oGbeMa W (cM’/r) i obbeMa mukporop W, (cm’/r)
HCCJIICAOBAHHBIX aﬂCOp6CHTOB

O6pasust an- | W, Ar W, Ar W, Ar W, Ar W, CO, W, N, Wi COy | Wi Ny
copOeHTOoB 303K 343K 373K 400K 303+400K 77K 303K 77K
NaMt 0.035 0.062 0.066 0.092 0.02 0.04 0.015 0.011
PyMt 0.1 0.1 0.1 0.1 0.1 0.08 0.075 0.07
K10 0.13 0.227 0.243 0.259 0.3 0.35 0.14 0.087

Kak BumHO 13 Tabmmmnsl 1, npu agcopbuun Ar noseimrenue temmeparypst ot 300K go 400K u
yBenuuenne naaBieHus g0 60 MIla BeI3bIBaeT yBenMuYCHHE afCOPOIMOHHOTO OObeMa
BOZIOPOZIHOH (hOpMBI OCHTOHHTA BABOE M HATPUEBOH (hOPMbI MOHTMOPHIUIOHHTA B 2,5 pasa, B
TO BpeMs Kak W NHpUIMHHEBOH (OPMBI MOHTMOPH/UIOHHTa B aHAJOTMYHBIX YCIOBHUSIX
MIPAaKTHYECKU HE M3MEHSETCS. Pe3ynbTaThl HCCIICIOBAHMIA TOKA3aIH, YTO BOAOPOHAs (hopma
OceHTOHHTA 00J1aJaeT CYIIECTBEHHO OOJIBIINM acOpOLMOHHBIM 00beMOoM, yeM NaMt u PyMt,
U sBIIsieTCS HauboJiee NEPCIIEKTHBHBIM aJJCOPOEHTOM C TOYKH 3pEHHS HCIIOJIB30BAHMS €T0 B
MIPOMBIIIICHHOCTH.
1. A.A.Ilpu6suos, O.I".Jlapuonos, JI.I . IllexoBuosa, 1.A . Kanuunukosa, JI.J[. benskosa, 1138.AH,
Cep. xuMm., 2009, Ne4.
2. A.A.Ilpu6suios,1.A.Kanunuukosa,JI.I" IllexoBuosa, 138.PAH, Cep.xum., 2010, Ne11,1965
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ADSORPTION OF Ar, CO,, N, ON THE LAYRED SILICTES OF
DIFFERENT ION EXCHANGED FORMS.
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Frumkin Institute of Physical chemistry and electrochemistry Russian Academy of Sciences,
119991 Moscow, Leninsky prospect 31, Russia, E-mail:pribylov_34@mail.ru
*Institute of General and inorganic chemistry AS of RUz., 700170, Tashkent, Kh.Abdulaev St., 77-a,
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The investigations of the equilibrium adsorption of Ar, CO,, and N, on different ion —
exchaned forms of montmorrilonite — sodium (NaMt), pyridine (PyMt) and hydrogen bento-
nite form (K10) at temperatures of 303, 343, 373, 400 K and in the intervals of pressures: 0.1
+ 60 MPa for Ar, 0.1+6 MPa for CO;, and 1.33*10™+ 0.1 Mpa at 77K for Nj. The experimen-
tal data processing gave the structural parameters of adsorbents as a total adsorption volume,
W, micropore volume W,,, surface area. Besides the well known method using Dubinin-
Radushkevich equation, a new method developed previously by the authors (MOAO)[1] for
determining the total adsorption volume from the gases adsorption data [2], as well as the al-
ternative method of determination of the total adsorption volume of porous adsorbents. The
first method does not use any models of state of adsorbed substance, the second one is based
on the assumption of liquid-like adsorbate. The parameters of porous structure of the samples
under study were calculated from the N, adsorption at 77K by means of ASAP-2020 device
and are given in Table 1. Unlike CO, adsorption on the above metioned adsorbents, which
shown normal temperature dependence at 300-400 K, the adsorption isotherms of Ar on
NaMt and K10 in this temperature interval at high pressures exceed the isotherms at high
temperatures the isotherms measured at lower temperatures. By our opinion, this behaviour is
caused by increase of adsorption volume. This proposal is confirmed by calculations (see Ta-
ble 1). The values of the total adsorption volume of the investigated adsorbents at adsorption
of Ar, CO, and N; at different temperatures are given in Table 1.

Table 1. The values of total adsorption volume W (cm®/g) and micropore volume #,, (cm®/g) of
the samples under study

Adsorbent W, Ar W, Ar W, Ar W, Ar W, CO, W, N, Wi COy | Wi
303K 343K 373K 400K 303+400K 77K 303K N,
77K
NaMt 0.035 0.062 0.066 | 0.092 0.02 0.04 0.015 0.011
PyMt 0.1 0.1 0.1 0.1 0.1 0.08 0.075 0.07
K10 0.13 0.227 0.243 0.259 0.3 0.35 0.14 0.087

It is obvious from the Table 1 that at the adsorption of Ar the increase of temperature from
300K up to 400K and increase of pressure up to 60 MPa induces te increase of the adsorption
volume of hydrogen form of bentonite in two times and sodium form - in 2,5 times, while at
the same conditions the value of W for pyridine form remains constant. The results indicated
that the hydrogen form of bentonite has essentially larger adsorption volume compared with
NaMt and PyMt, and occurs to be most promising adsorbent in view of its industrial applica-
tions.
REFERENCE
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OTPHULATEJIbHAS AJCOPBLIUA MAKPOMOJIEKYJJI HA ME3OIIOPUCTBIX
KPEMHE3EMAX

H.A. DabrekoBa, FO.A. Dnbrekos, A.1O. DibTekoB.
VYupeowcoenue Poccutickoti Axademuu Hayx Huemumym usuueckoi Xumuu u 31eKmpoxumuu
um. A.H. @pymxuna, 119991 Mockea, Jlenunckuii npocnekm 31, Poccus
E-mail: ninel-elt@yandex.ru

Ipu B3auMoeiCTBIN pa30aBICHHBIX PACTBOPOB MOJUMEPOB C TIOBEPXHOCTHIO BHICOKO-
JIUCTIEPCHBIX YaCTHIl TBEPAOTO Tena (aacopOeHTa) MPOYHOCTh aCcOPOIMOHHBIX CBs3eil ompe-
JIeNseTCs XUMHYECKUM COCTOSIHHEM IOBEPXHOCTH ajncopOeHTta (Mopdosorueil moBepxHOCT-
HBIX CJIOEB), a TAKXKE XUMUYECKUM CTPOCHHEM MAKPOMOJICKYJISIPHBIX Lieneil U (yHKIHOHAIb-
HBIX KOHIIEBBIX TPYIII acOpOupoBanHoro moaumepa [1 - 4].

B GoJBIIMHCTBE ClIy4aeB IpU B3aUMOICHCTBHU pacTBOpa MOIMMEpa ¢ TBEPABIM TEJIOM
Ha IIOBEPXHOCTH aJcopOeHTa 00pasyeTcs ancopOIMOHHBIH MOHOCION MakpoMoIeKyl. B yc-
JIOBUSIX KOHKYPEHIIMM MEXIy MAaKpOMOJIEKYJIaMHU MOJIMMEpa U MOJISKYJIaMU PACTBOPUTEINS B
HEKOTOPBIX CHCTEMaX aJCOPOMPOBAHHEIC CIIOM MOJUMEPOB HE (OPMUPYIOTCS H3-3a PEHMY-
IIECTBEHHOW aJCOPOLMU MOJICKYI PaCTBOPHUTENS, CIIOCOOHOIO IIOJTHOCTBIO BBITCCHUTH MaK-
POMOJIEKYJIBI TIONIUMEpa ¢ MOBEPXHOCTH ajcopOeHTa. [IpenmyiiecTBeHHas aacopOLus pac-
TBOPUTENS IPUBOJUT K OTPHULATENIBHOI aacopOuuy mojmMepa, T.e. K AeULUTY IoIuMepa B
a/ICOPOLIMOHHOM TIPOCTPAHCTBE BOJM3HM MOBEPXHOCTH ajcopbeHTa. CTepuuecKue MpersTcT-
Bus (CUTOBBIC A(P(EKThI) MPH aACOPOIMHU MOJTUMEPOB Ha MOPUCTBIX TellaX TAKXKE CHOCOOCT-
BYIOT OTPHLIATEIEHON aCOPOLIUM MAKPOMOJIEKYJL.

B Hacrosimeld pabore u3ydeHa aacopOLHs THOKOIEIHBIX MOJHMEPOB HA MOPHUCTHIX
KpEMHe3eMax B CTaTMYECKUX YCJIOBHSAX TPAJULHOHHBIM METOJOM M B JIMHAMHUYECKUX YCIO-
BHSAX METOJOM >KHIKOCTHOH Xpomartorpaduu. PaccMOTpeHsl OCHOBHBIE (haKTOPBI, 00YyCIIOB-
JIMBAIOLIME OTPHULATEIbHYIO aACcOpPOLHUIO TOJMMEPOB HA IOBEPXHOCTH KpeMHe3eMa - TIpe-
MMYIIECTBEHHAs (IIOJIOKUTENbHAs) aJCcOPOLUsl MOJIEKYJl PACTBOPHUTENS U CHUTOBBIH 3 deKT
IpH B3aUMOJACHCTBHH MaKpOMOJIEKYJI C HOPHCTHIM ajacopOeHToM. MoauduuuposaHue mHo-
BEPXHOCTH KPEMHE3eMa, MOJISIPHOCTh PACTBOPUTENS U pa3Mep MAaKPOMOJICKYJISIPHBIX KIIyOKOB
CIOCOOCTBYIOT OTPHLIATENILHON COPOLIMH MOIUMEPOB MOPUCTHIMU KPEMHE3eMaMU ¥ XpOMaToO-
rpauuecKoMy pa3iesICHHI0 MaKpOMOJIEKyYJI 0o pa3Mepy. [IpoaHanu3upOBaHbl COOTHOIICHHS
MeXIy KOI(p(UINEHTOM paclpeieNieHdss MaKpOMOJIEKYJl THOKOIEITHOTO MOJIIMepa MEXKLy
00beMHOI U acOpOLMOHHON (ha3aMK M N30BITOUHBIMU BEIMYMHAMU YASP)KUBAHUS - OTHOCHU-
TEJIBHBIM KO3 (PHUIMEHTOM ylepKuBaHus U KoddduuueHTom ancopormu (koHcTanToi ['eH-

pu).
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NEGATIVE ADSORPTION OF MACROMOLECULES ON MESOPOROUSE
SILICAS
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The strength of bonds of adsorbing macromolecules with solid surface depend on
chemical states of surface layers of adsorbent and chemical structure of macromolecular
chains and functional groups of adsorbing polymer [1 - 3].

At the interaction of polymer solution with solids the monolayer of adsorbed macro-
molecules can be formed on adsorbent surface. However the competition between polymer
macromolecules and solvent molecules can promoted the formation of more strengthen bonds:
solvent molecules - surface groups. This effect will leads to the increase of macromolecules
concentration in bulk solution and therefore to negative adsorption of polystyrenes (or dex-
trans). The interaction of polymer with mesoporous silicas can develop the molecular sieve
effect which can promote negative adsorption of macromolecules.

Here polystyrenes and dextrans adsorption from dilute solutions on silicas have been
studied at 298 K. It was considered what factors can promote the negative adsorption. It was
shown that in chromatographic column large macromolecules are moving more quickly than
small macromolecules because of sieve effect and negative adsorption. The accessibility of
adsorbent mesopores for polymer adsorption depends on macromolecular coils sizes and the
possibility for the penetration of polystyrene macromolecules of various sizes (sieve effect).
Therefore it can results in negative adsorption. The similar results were obtained in the study
of dextrans adsorption from dilute water solutions on porous silicas.

The relations between distribution coefficients (excess retention value — relative reten-
tion coefficients and Henry constant of adsorption equation) and molecular masses of polymer
macromolecules have been consider.
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MOJIM®YHKIIMOHAJIbHBIE TKAHEBBIE COPBEHTHI C MOHHOM
U DJEKTPOH-UOHHOM MPOBOJIUMOCTHIO
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TkaHM C NPUBUTBIMH K IIOBEPXHOCTH BOJIOKOH XMMHYECKH MOAM(UIMPOBAHHBIMH
MIOPUCTHIMA HOHOIMPOBOAAIIMME MM 3JICKTPOH-HOHOMPOBOIAIMMU TOHKUMH CIOSIMH -
HOBBIC Marepuajbl JUId a}lCOp6I.U/IOHHO-SJ'ICKTPOXI/IMI/I‘{SCKI/IX IpoLECCOB, B KOTOPLIX
ancopOIs CONMPOBOXIACTCS HANpaBICHHBIM IIPEBpallicHHEM ajcopbata B Clloe H
TPaHCHOPTUPOBKOW MPOJYKTOB HPEBPAILECHHUS U3 30HBI aCOPOLIUH.

Hccnenosanus, nposenennsie B UOXD PAH, no3onuiu chopmyaupoBaTh HaydHbIe
MOAXOABl K CO3JAQHMI0 TKaHEH C TIOPUCTBIMH HOHONPOBOAAIIMMH W  3JEKTPOHO-
HOHOINPOBOSILMUM CJIOSIMH, OOOCHOBATh NPHMHLMIIBI M pa3padoTaTh METOJIbI MOJTYyYESHUS
MOPUCTBIX CJIOEB HA IIOBEPXHOCTH BOJIOKOH TKaHEH M IM3aiiHa CIOEB C LEIbI0 HX
(YHKIHOHANU3AMH, a TAKKe OCHOBHBIC IOJOXKECHHS aICOPOLMOHHO-3IEKTPOXUMUIECKUX
IIPOLIECCOB C UCTIONB30BAHUEM TKAHEBBIX COPOSHTOB.

Co3fjaHue METOI0B XMMUYECKOro MOJIM(ULUPOBAHUS IOBEPXHOCTH BOJOKOH C
MIOJy4€HHEM TOPHUCTBIX CJIOEB C PETYISAPHBIMU JIMTAaHAHBIMH CTPYKTypaMH IPOBEIECHO C
MO3ULUIA (U3UKOXUMUU CHCTEM MojuMep-nonuMep. Ha BOJOKHO oOpraHuyeckoi uin
MHHEpaJIbHOI TKaHM HAHOCHUTCS TMOKpbiTHEe M3 mnomuBuHWIXIopuna (I1BX), xoropoe
MIPUIMINBACTCS K Pa3BUTOH MOBEPXHOCTH BOJOKHA. [locie 3TOro mpoBOIAT XHMHYECKOE
MOANGUIIMPOBAHHUE TIOBEPXHOCTU IOKPHITUS ¢ 00Opa30BaHHEM CJIOEB LMKIAMOB B YCIOBHSAX
¢dopmupoBanus cioeB ¢ skectko-anactiuHbiMU (hard elastic) cTpykrypamu. Takwe cion
HMEIOT HOPHUCTYIO IOBEPXHOCTh, @ B X 00BbEMe 00pa3yercs YHOpsI0YeHHAs CHCTEMa ITyCTOT.
DT0 MO3BOJSET, HCIONB3Yys CBOMCTBA LMKJIAMOB, chopMmupoBath B cioe H'- mmum OH'-
IIPOBOASAIINE MAaTPUYHBIE IEKTPOIHUTHL. B cTpyKTypy IMKIIaMOB BKIIIOYAIOTCSI 3aMECTHTEIH C
3JIEKTPOHOJOHOPHBIMH M 3JI€KTPOHOHOPAKIENTOPHBIMU I'PYIIHUPOBKAMH C CONPSKCHHBIMH
cTpykTypamu. KOHTakT 5THX TIpYNIUPOBOK B cioe obecrieunBaeT (GopMupoBaHUE
3NIEKTPOHONPOBOAAILEH OOBEIMHEHHON T-3JIEKTPOHHOW CHCTEMBI.

Hcnonp3yst maHHBIN TOJXO0/, MOTYUICHBI TKAaHEBBIE H+—, OH -npoBogsimue u H'- wmm
OH -a5ekTpoHonpoBoAsLe COPOSHTHI. JTO MMOKHE, MEXaHWYECKH TMPOYHBbIE U XMMHUYECKH
CTOIKHME MaTepHalbl Ha OCHOBE LIEJUTIONIO3HBIX MM XPU30THI-aCOECTOBBIX TKAHEH, BOJIOKHA
KOTOPBIX KAaIllCyJUpPOBAHbI MPHUIIUTON K BOJOKHY IUieHKOH [IBX ¢ mopucThIME ClosMu
PEryJISIpHBIX CTPYKTYp Ha OCHOBE IMKJIMYECKUX aMHHOB — LIUKJIAMOB 3aJJaHHOTO COCTaBa Ha
TIOBEPXHOCTH KaICYJIbI.

Ha ocHOBe wu3yueHHbIX TKaHeil pa3paboTaHbl pEAKTOPBl UL  aJCOPOLMOHHO-
NEKTPOXMMHUYECKHX MPOLIECCOB M METO/BI YJIABIMBAHUS [apOB AMUHOB (AMMOHHEBBIE COJIN),
CO,, CO (cona, motamr), SO, (cynbdurs! u ruapocyabhuTsl Hatpus u kamus), H,S, Mepkan-
TaHOB M MEPKANTHIO0B (Cyab(aT HATPHS U COMH CYIbHOKUCIIOT).
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[Ipomecchl HENpPEpHIBHOTO YJIABIMBAHHUS MOJEKYJ W HUX SIICKTPOOKHUCICHHS WIN
3JIEKTPOBOCCTAHOBJICHUS ¢ ydacTHeM MoHoB H' u OH MOryT HaiTH NpHMEHEeHHe Is
MIOJy4€HHsI CIIMPTOB, ajbJIETHIOB W KHCJIOT NPU YJIABIMBAaHUU METaHA W JPYTUX JIETY4HX
YIJIEBOJIOPO/IOB, HONYUCHUS! LUKJINYECKUX MPEIETbHBIX YIIIEBOIOPOIOB U3 apOMATHUECKUX
U A7 MHOTHX JAPYTHX COBPEMEHHBIX XHMHUKO-TEXHOJOTMYECKHX mpoueccoB. JIms Takux
MIPOLIECCOB  NEPCIICKTHBHBI TKAHEBBIC JJICKTPOIPOBOASAIINE COPOCHTHI C XHMHYECKH
MomugumuposanHoit H'- mmm OH -npoBopsmiell ToBepXHOCTHIO. B HacTosmee BpeMs
TKaHEeBbIe COPOCHTHI C YKa3aHHBIM COUETAHUEM CBOMCTB HE OIMCaHbl. B KauecTBe MCXOAHOI
TKaHH OBIJIO B3ATO YIJIEpOJHAsi TKaHb, MOJYyYCHHAs! MUPOJIN30M CHHTETHYECKOW TKAHH: SgpaT
=~ 0, R = 0.8-1.0 Om. Ilo nanueiMm HMK-cnekTpockonuu Ha HOBEPXHOCTH TKaHM KpOMeE
YIJIEPOAHBIX CTPYKTYpP HMEIOTCS aMUIHbIE M allpJAETUAHBIC TPYIIBI, YIJIEBOJOPOIHBIE
pamukansl. DopMHpOBaHUE MOPUCTON CTPYKTYPHI MOBEPXHOCTH BOJIOKOH OBUIO NPOBEICHO
TakuM 00pa3oM, 4dYTOOBI B CTPYKType moBepxXHOcTH mMmenuch rpymmel C-OH, uepes
KoTOopble Bo3MoxkHa mpuiinBka [IBX k moBepxHoctd BosokHa. J{iist aToro ¢opMupoBaHue
[IOp M UX aKTUBALMIO MPOBOAWIN IIyTEM aHOJHOM JECTPYKIMH ITIOBEPXHOCTH BOJIOKHA B
pactBope KOH. VYcraHoBieHo, 4To B TpoIrecce 3JIEKTPOJIM3a COMPOTHBICHHE TKAHHU
Bozpactaer 10 20-25 Owm. Ilpu 3TOM mpH 3aJaHHOM TOKE HANpPSHKEHHE YMEHBINAETCS, Y4TO
YKa3bIBacT Ha YMCHBIICHHE IUIOTHOCTH TOKAa 32 CYET YBEJIMYCHHMS IUIOIIAAM ITOBEPXHOCTH,
Y4acTBYIOIIEH B 3JIEKTPOJHOM MpOLECCe Pa3I0KEHHsS BOJABI C BBIICICHHEM KHCIOPOJa.
HccnenoBanusa mnokasaid, 4TO B TKaHM IIOCIE DJIEKTPOJIM3a  KOJIMYECTBO YKa3aHHBIX
TPYNIIHPOBOK CYIIECTBEHHO YMEHBIIMIOCH. [10BEpXHOCTh BOJIOKOH cCTajla IOPHCTOH, IpH
9TOM BEJIMYMHA Spyr 3aBUCAT OT BPEMEHH AJIIEKTPONIN3a.

Ilopuctbie cnoM IMKIAMOB Ha MOJU(UIMPOBAHHOW ITOBEPXHOCTH YIJIEPOAHOTO
BOJIOKHA OBIIM MOJydYeHHI IyTeM ajcopbuuu pactBopa [IBX B cmecn TerparuapodypaHa u
OCH3MWJIOBOTO CHHMPTA C MOCIEAyroliell TepMooOpaboTKoil W 00pabOTKOW peareHTaMu C
MOHOJTaHOJIAMUHOM MM TIiunuHatoM Hatpus. [lo pganneiM MK-cnektpockomuu Ha
IIOBEPXHOCTH MMEETCS CIIOH IUKJIAMOB, aHAJOTUYHBIH CJIOI0 HA IOBEPXHOCTHU LEJUTIOIO03HBIX
TKaHel. 3HaueHust Spyr TKAHEW CO CII0OEM IMKIAMOB OOJbIIE, YeM JUI TKaHH I10CIE
(hopmHpoBaHUs TOPUCTON CTPYKTYpBI M akTHBaluu, R = 5-7 Om. Ciou mocie CBsA3bIBaHHS
IIMKIaMOB KHCJIOTAMH HIJIM INeToYaMyu cTaHoBstca H'- mmn OH -nposomsmmmu. Ilpu stom
COMPOTHUBIICHNE YMEHbIIaeTcs 10 3-4 Om.

Paboma svinonnena npu gunancosoii noodepacke [IPAH — 3.
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BJIMSIHUE SJEKTPOKOHTAKTHOI'O AKTUBUPOBAHUS HA
OKCUTEHALIMIO U HU3KOTEMITIEPATYPHOE OKUCJIEHUE
METAJUI-OKCHIHBIX IIJIEHOK HA OCHOBE Fe-Cr-O
C I'PAHYJISIPHOM NIOPUCTOM CTPYKTYPOM

B.A. Korenes, A.1O. [luBamze
Yupeowcoenue Poccutickoti akademuu Hayk Hncmumym @usuueckou Xumuu u 31eKmpoxumuil
um. A. H. @pymruna PAH, 119991, 2. Mockea, Jlenunckuii np-m, 0. 31
e-mail: kotenev@phyche.ac.ru

ITonyyaemble BakyyMHOH KOHJEHCaluell B aTMocepe KUCI0pOo/a IICHOYHbIE METalI-
OKCHJIHbIE IIPOBOJHMKU Ha OCHOBE KeJIe3a U CILUIABOB XKEJIe30-XPOM YacTo MPEACTABISIOT CO-
00#l TpaHyJSIpHBIE ¥ BeChbMa MOPHCTHIE TUICHKH C MEJNKO3epHHUCTO# cTpyKTypoit. Kucmopon
IPU MX SKCIULyaTallMd B aTMOC(EPHBIX YCIOBHSAX MOXET JOCTaTOYHO Jerko auddyHmupo-
BaTh HOPMAJBHO K IMIOBEPXHOCTH IO TPaHMIAM 3epeH BIIIyOb IUICHKH. B pesynbraTe HMEHHO
HA TPaHMIIAX 3ePEeH NPEUMYILIECTBEHHO HAKAIUTMBACTCSI KUCIOPOA U (POPMHUPYETCsl OKCHAHAS
(ha3a. OueBHIHO, €CIU Yepes3 INICHKY NPOTEKaeT EKTPUUECKUl TOK, BO3MOMKHO €ro CHIbHOE
HHTeHCH(HULPYIOLIee eHCTBIE Ha MPOIECChl HU3KOTEMIIEPATypHOTO OKHCIICHHUS JKele3a H
XpoMa 110 IpaHuIaM 3epeH. Popmupyemble B pe3yIbTaTe TaKOro 3J1EKTPOKOHTAKTHOTO CHHTE-
32 METaUI-OKCHJHbIE KOMIIO3UTHBIC IUIEHKM MOTYT IPOSBISATh YHHMKaJIbHBIC (PU3HKO-
XUMHYECKUE CBOMCTBA.

B nanHoit paboTe MeToJaMU PE3UCTOMETPHUH, SJIEKTPOHHONH MHKPOCKOIUH C TOCIOM-
HBIM TpaBJIEHHEM U CIEKTPOCKONMU KOMOMHALMOHHOTO PACCEesIHUs HCCIIEIOBAHO BIUSHUE
JJIEKTPOKOHTAKTHOTO TepeMeHHoToYHOro aktuBupoBanus (50 Hz—10 kHz) na npouece u3o-
TEPMHUYECKOTO Ta30BOr0 OKHUCIICHHUs BAKYYMHO OCAKICHHBIX 3JIEKTPOIPOBOISIIMX [UICHOK Ha
ocHoBe Fe-O u Fe-Cr-O B 061acTsX napLUyanbHbIX JaBI€HUI KUCIOPOaa, COOTBETCTBYIOLIMX
HHU3KOTEMIIEPaTypPHOMY HAaCCHBHO-aKTUBHOMY NEPEXO.Y.

IToka3ano, 4ro HanbOJNbIIAs CKOPOCTh OKCUTCHAMH M OKCHIMPOBAHHUS IUICHOK Ha OC-
Hoge Fe-Cr-O B ycinoBusix nsorepmuyeckoro okuciuerus npu 200°C npu 3JIeKTPOKOHTAKTHOM
MEPEeMEHHOTOYHOM aKTHBUPOBAaHUM pPEaM3yeTcsi B 001aCTH MAaCCHBHO-aKTHBHOTO Mepexo/a
(10'4-10'2 Topp napuuanbHOro AaBJICHUS! KUCIOPOa B cucTeMe). [Ipu 3TOM 271eKTPOKOHTAKT-
HOE aKTHBUPOBAaHHE HanbOoJiee MHTEHCU(HLIUPYET MPOoIiecc adcopOLUK KHUCIOpPOAa M 3epHO-
TPAaHUYHOTO OKHCJICHUSI KOHACHCHPOBAHHBIX IUICHOK. [Ipu mapuuanbHbIX JaBIEHHUSX KHCIIO-
pozia, COOTBETCTBEHHO JIXKAIIMX B JONEPEXOJHON 001acTu, B 00JacTH mepexoa U B mocie-
HnepexoJHoi 00JacTH cocTaB U (PM3MKO-XMMHUYECKHE CBOMCTBA METAILI-OKCHIHOMN IIEHKH
(cMauynMBaeMoCTh, IOPHCTOCTh, CIIEKTPAJIBLHBIE CBOMCTBA) pe3Ko M3MeHsIoTcs. [lpu aToM mpu
NEPEMEHHOTOYHOM AKTUBUPOBAHUU JOINOJHHUTCIIBHO BO3HHUKACT HOpPMaJibHas IOBECPXHOCTU
IPOBOJIHUKA KOMIIOHEHTA MEPEMEHHOIO JIEKTPHUUYECKOr0 TOKA, CBSI3aHHAs C BO30Y)KAECHHEM
BUXPEBBIX TOKOB B 00beMe IPOBOAHHMKA M C MPOLIECCOM 3apsDKEHUS-Pa3psDKEHHsT ABOWHOTO
CJIOSL Ha TpaHMIE pa3jiesna MeTalI-OKCH] IPU HepUOANYECKOM HU3MEHEHHMH JJIEKTPUYECKOro
HOTEHLUa a MeTa/ula. B pe3ynbrare 10 CpaBHEHUIO C II€UHBIM HarpeBOM, IPOUCXOIUT 000-
ralieHue MeTaul-OKCHUIHOTO CJIOSl KUCJIOPOJAOM M XPOMOM M BBIPAaBHUBAaHHE MX KOHIIEHTpa-
MU 10 IIyOMHE ci1osi ¢ 00pa3oBaHMEM XPOMMTA JKelle3a, 4YTO 3aTpylHsieT obpa3oBaHue
CIUIOLIHOTO CJIOSI OKHCIIOB XpOMa Ha BHELIHEW IpaHMIle IUICHKa-ra3, 00BIYHO MPHUBOASIIETO
K 3aMeJUICHUIO HHTErPaJIbHOM CKOPOCTU OKCUTCHAMH M OKUCIICHHMSI.
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EFFECT OF ELECTROCONTACT ACTIVATION ON LOW-TEMPERATURE
OXYGENATION AND OXIDATION OF Fe-Cr-O BASED METAL-OXIDE FILMS
WITH GRANULAR POROUS STRUCTURE
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Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences,
Leninskii pr. 31, Moscow, 119991 Russia
e-mail: kotenev@phyche.ac.ru

Thin film Fe-O and Fe-Cr-O based conductors produced by vacuum condensation are of-
ten very porous films with a fine granular structure. During their operation under atmospheric
conditions, oxygen may be absorbed by the film. It diffuses fairly easily normal to the surface
along grain boundaries deep into the film. As a result, oxygen accumulates and oxide phase
predominantly forms at the grain boundaries. If the electric current is passed through the film,
it can intensify the low temperature oxidation of iron and chromium at grain boundaries. Met-
al-oxide film and corresponding nano-composites at grain boundaries appeared as a result of
this electrocontact oxidation can have unique physicochemical properties.

This approach is useful too because the imposition of an alternating electric field on the
oxidation zone may favor a leveling-off of the concentration of the charged diffusing species,
particularly metal cations and oxygen anions in the metal-oxide film. When electric current is
passed through the metal film to be oxidized, a fraction of the current obviously flows through
the oxide layer parallel to the metal surface. However, if alternating current is used, then a
normal component of the current appears in addition to the tangential component. This is re-
lated both to possible excitation of eddy currents in the conductor bulk and to recharging of
the double layer at the metal-oxide interfaces under the action of the alternating electric field.
This alternating component may favor a leveling-off of the concentration of oxygen and metal
in depth of the metal-oxide film.

In the present work, the effect of alternating current on the isothermic gaseous oxidation
of an Fe-Cr-O based metal-oxide films has been studied at oxygen partial pressures corres-
ponding to low temperature passive-active transition of alloy. The thin film conductor of Fe-
Cr-O was obtained by vacuum condensation on the glass. The conductor was activated by a.c.
electric current (50 Hz — 10 kHz)). After 1 h of thermal oxidation (in vacuum furnace) at vari-
ous oxygen partial pressures the oxide content (resistometry), composition of the film (Ra-
man-spectroscopy) and morphology (SEM) were estimated.

The maximum rate of isothermic (200°C) oxidation of the film activated by alternating
current is observed in a narrow range of oxygen partial pressures. The above ac activation me-
thod intensifies the oxygenation and oxidation process and increases its maximum rate in the
region of the low-temperature passive-active transition (10-10” Torr of oxygen partial pres-
sures) of Fe-Cr allow. The oxide content, composition and physicochemical properties of the
metal-oxide film change sharply in a narrow range of oxygen partial pressure corresponding
to the maximum oxidation rate. Contact activation by alternating current, in comparison to
only furnace heating, causes the enrichment of the surface oxide with chromium and the for-
mation of iron chromite evenly distributed in the depth of allow film, instead of a continuous
layer of chromium oxide on the top of allow film.
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COBPEMEHHBIE HOHOOBMEHHBIE MATEPHAJIBI VI BBIJIEJTEHUA U
PA3JIEJIEHUA AKTUHU OB U3 PACTBOPOB
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BaxxHoil mpobieMoii coBpeMEeHHON NPHKIAIHON paJMOXHMHU SIBISIETCS BBIACICHUE U
pasnesneHre TPAHCYPAHOBBIX M TPAHCILTYTOHHEBBIX 3JIEMEHTOB M3 a30THOKHUCIBIX PACTBOPOB
pasnuyuHoro cocraBa. C 3TOH LENBIO IIUPOKO HCHOJIB3YETCS 3KCTPAKLMOHHAsT TEXHOJIOTHS
ITYPEKC-nporiecca, a Takxe cOpOLOHHBIE METOIbI C MCIIOIb30BaHUEM BUHIIIITUPUINHOBBIX
aHHOHUTOB, a TakXke (PocOop-coepKAIINX KATHOHUTOB U aM(DOTIUTOB.

CuHTE3 COBPEMEHHBIX HOHOOOMEHHBIX CMOJI ¢ (ochop-conepamumMu HyHKIHOHATb-
HBIMHU TPYIIIaMH JIa€T BO3MOXKHOCTb MX HCIIOJB30BAaHHMS JUISl pa3leeHHs] TPAHCYPAHOBBIX H
TPAHCIUIYTOHUEBBIX DJIEMEHTOB B PA3JIMYHBIX CTEMEHAX okucieHus. [Ipu n3ydeHuu pasznny-
HBIX MapokK (ocgop-coepKalux HOHUTOB OKA3aHO, YTO HAWITYYIIUMH COPOLIMOHHBIMH Xa-
PaKTepUCTHKAMH 110 OTHOIICHHUIO K YETHIPEX3apsIHBIX aKTHHHIOB B a30THOKHCIBIX Cpelnax
obnagaeT MOHUT Mapku S-957 nmpowusBoncTea (upmsel «Purolite», compepxariuii GpochoHOBBIE
u cynbdorpymsl. [lormyueHHBIE SKCTIEPUMEHTAIBHBIE 3aBUCHMOCTH IT0Ka3ajlH, YTO B MHTEp-
Bajie KHCJIIOTHOCTH 1-7 MOJI/JI 110 a30THOM KHCIOTE HOHHUT S-957 Hanboiee CEIeKTUBEH K HO-
nam Th*', Pu™u UO,™. Cponcteo k noram NpO,~, Am™ u Eu™ BblpaeHO B3HAYHTEIBHO
MEHbILIEH CTENCHHU.

Ha ocHOBaHMM HOJIy4EHHBIX DAaHHBIX DS CENEKTHBHOCTH JUisi copOeHTta S-957 mmeer
cnenyrommit Bux: Th*', Pu™> U0, >> NpO,” >> Am™ ~ Eu™.

JluHaMHU4YecKue 3KCIIEpUMEHTHI 110 COpOIMH MOHOB TOPHS B PEKMME KOJIOHOYHOH Xpo-
Marorpauu MoKasal, 4T0 eMKOCTh KATHOHHUTA S-957 1O TOPHIO COCTABIISET: 10 MPOCKOKA —
45, a monmHast — 76 mr/mi. [Ipu coBMecTHO# copOLMK TOPUS U aMEPULIMS TOPUN TPAKTUYECKH
IIOJTHOCTBIO MOTJIOMIACTCSI CMOJIOH, a aMEpUIMI MPAKTHYECKN HE COPOUPYETCS M IOJHOCTHIO
MepexoauT B (puibTpar.

Honut S-957 ObLT UCHONIB30BAH JUIS W3BJICYCHHS ypaHa U3 CEPHOKHCIBIX MOJCIBHBIX
pacTBOPOB MOJ3EMHOTO BhIIIEIaYNBaHMs. Pe3yIbTaThl AMHAMHUYECKUX HKCIICPUMEHTOB MOKa-
3aJIM, YTO COPOIMOHHAS €MKOCTh COpPOCHTAa B JaHHBIX ycinoBusix mocturaetr 400 mr/r. [pu-
CYTCTBHE CyNIb(ar- U XJIOPUA-HOHOB B PacCTBOPE HE OKA3bIBACT 3HAUUTEIBLHOTO BIIMSHUS Ha
CcOpOIMOHHYI0 eMKOCTh copOeHTa S-957.

HWccnenoBanne MexaHu3Ma copOIuu ypaHa u Topusi Ha uoHuTe S-957 meromom MK-
CHEKTPOCKOIHHU MOKA3bIBAET, YTO MOCJIE COPOILMU METAIIIOB ITPOUCXOIUT U3MEHEHUE (OPMBI
IIMKOB, OTBEYaromnX 3a BajeHTHbIe konebanus SO u PO rpynn. O6 U3MEHEHHH IeOMETpUH
(DYHKIMOHANBHBIX TPYNIUPOBOK CBHICTEIbCTBYET TAKKE 3HAUUTENILHOE PACIIMPEHHUE JHara-
30Ha BaJICHTHBIX KoJIeOaHUU CyIb(OHOBBIX M (OCHOHOBBIX IPYIHII, KaK B JUIMHHOBOJHOBYIO,
TaK U B KOPOTKOBOJHOBYIO YacTh CIIEKTpA.

Taxkum o0pa3om, ucronb3oBanue (Hochop-comepKamnx HTOHOOOMEHHBIX CMOJ  TO3BO-
JISIeT IPOBOIUTH Y PEKTUBHOE U3BJICYCHUE U Pa3JICICHUE aKTHHUIOB B Pa3JIMUHBIX CTETICHSIX
OKHCIICHHSI.
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MODERN ION EXCHANGE MATERIALS FOR ACTINIDE ISOLATION AND
SEPARATION FROM SOLUTION

V.M. Gelis, V.V. Milyutin, N.A. Nekrasova, Yu.V. Shumilova, E.A. Kozlitin
Frumkin Institute of Physical Chemistry and Electrochemistry of the Russian Academy of
Sciences (IPCE RAS) Bld.4, 31 Leninsky Prospect, 119991 Moscow, Russia
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Isolation and separation of transuranic elements from the nitrate solutions of different
composition presents an important task of the modern applied radiochemistry. Among the
technologies widely used for the purpose is the PUREX extraction process as well as the sorp-
tion techniques based on vinylpyridine anionites and phosphorus-containing cationites and
ampbholites.

Synthesis of the modern ion exchange resins with phosphorus-containing functional
groups provides a possibility to use them for separating the transuranic elements in different
oxidation states. During the study of various brands of the phosphorus-containing ionites, the
phosphonic and sulfonic functional groups containing S-957 ionite manufactured by “Puro-
lite” company has been found to possess the best sorption characteristics with respect to four-
charge actinides in the nitrate medium. The experimental data showed that within the 1-7
mole/dm?® range of acidity S-957 has the highest selectivity to Th**, Pu™u UO,™ ions, whe-
reas the affinity to NpO,", Am*, and Eu™ is revealed to a much less extent.

Based upon the data obtained the selectivity series for S-957 sorbent could be written as

follows: Th4+, Pu™> UOZ+2 >> NpOz+ >> Am™ =~ Eu®,
Flow runs of thorium ions sorption in the column chromatographic mode showed the S-957
cationite capacity until the breakthrough to be 45 mg/cm® and the full capacity of 76 mg/cm’.
Simultaneous sorption of thorium and americium results in almost complete absorption of
thorium, whereas americium is practically not adsorbed and remains in the filtrate.

S-967 ionite was used for isolating uranium from the simulated sulfate underground
leaching solutions. Results of flow tests showed the sorption capacity of the sorbent under the
given conditions to reach 400 mg/g. The presence of sulfate and chloride ions in the solution
does not give a considerable effect on the S-957 sorption capacity.

Studies of the sorption mechanism conducted for uranium and thorium on S-957 ionite
by means of IR-spectroscopy showed that after the metals were adsorbed, the shape of peaks
corresponding to the stretching vibration of SO and PO groups was changed. The variation in
the functional group geometry was also witnessed by the extension in the sulfonic and phos-
phonic group valence vibration range both into the long-wave and short-wave part of the
spectrum.

Thus, the application of phosphorus-containing ion exchange resins provides a number
of options for the effective isolation and separation of actinides in different oxidation states.
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TEMILUIATHBI CHHTE3 MAKPOIIOPUCTBIX COPBEHTOB U
KATAJIM3ATOPOB HA OCHOBE OKCHUJO0B IIEPEXO/IHBIX METAJIJIOB

E.K. [TaneiHoB, B.A. ABpameHko
Hucmumym xumuu JJanvneeocmounozo omoenenust PAH,
690022, 2. Braousocmox, Ilp-m 100-nemus Braousocmoxka, 0.159

Tlony4eHre copOECHTOB M KaTalH3aTOPOB C PETYJIMPYEMOW MOPUCTON CTPYKTYpOH U
3aJaHHBIM PpacIpeeJICHUEM aKTUBHBIX MaTEPHAIOB B TIOPUCTON CpeJie MPEACTAaBISETCS O
HOU M3 BOXHEHIINX 3a/1a4 COpOLMH 1 KaTanu3a. OJHUM 13 BO3MOXKHBIX MyTSH PEIICHHS ITOH
3aJa4M SBJISIETCS HANpPaBJICHHOE M3MEHEHHE MaKPOCTPYKTYpbl COPOCHTOB M KaTalW3aTOpPOB,
METOJIOM TEMILIATHOTO CHHTE3a, C MCIOJIb30BAHUEM Pa3IMYHOTO PoJia TEMIUIATOB (MHIIEIUIBI
[TAB, KOJUTOWAHBIC YACTHIBI, OJIOK-COMOIUMEPHI, YACTHIBI JIATEKCHBIX 3MYJIbCHIA, HaHOYA-
CTHILIBI yIJIEPOJia U JIP.) MO3BOJIIOIINX KOHTPOJIMPOBATh (GopMy U pa3mep Iop B CHHTE3HUpYe-
MBIX MaTepuanax. KpoMe Toro, ucroiap3yeMble TEMIUIATHI MOTYT CIIYXKHTh HOCHUTEISIMH JUIS
KaTaJIUTUYECKU aKTHBHBIX MaTepHaIOB (HAIPUMEp — HAHOYACTHIL 0J1arOpoIHBIX METAILIOB) U,
TEM CaMbIM, PEryJHpOBATh XapaKTep pactpe/iesieHHs OCIEAHUX B IOPUCTOM Cpelie KaTalu-
3aTOPOB.

B wHacrosimeit paboTe MpOBEACHBI HCCIIENOBAHHS MHKPOIMYJIbCHH THIIA «SIPO-
000J104Ka» Ha OCHOBE COIOJIMMEPOB IOJIMAKPUIOBOW KUCIOTHI U MTOJMCHUIOKCAHOB JUIsl CHH-
Te3a (PYHKUHOHAIBHBIX MaTepUaJOB, IPEIHA3HAUYCHHBIX, B YACTHOCTH, JUIS PELICHHS Paano-
9KOJIOTMYECKUX NpobsaeM. CHHTE3UPOBaHbI M ONUCAHbI MAKPOIIOPHCTHIE HEOPIraHUYECKHE Ma-
TepUaJibl HA OCHOBE OKCHIIOB NEPEXOHBIX METAIUIOB. BBISBICHBI OCHOBHBIE TPYJIHOCTH CHH-
Te3a JaHHBIX (YHKIHOHAIBHBIX MaKpOIIOPHCTBIX MaTepHalIOB, OCHOBAHHBIC HA IIpOLECCax
nepexo/ia 30J1b-TeJIb-KCeporeiib, 3aBUCSIIMX OT CIIENHATBHBIX YCIOBUH M PEAKTUBOB JUIS CO3-
naHusi 0e3neeKTHOW pPEeIIeTKH Tellsl, COJCPIKallero KBa3HKPUCTAIMYECKUE KOJIIOMIHBIC
KPUCTAJUIBI AMYJIBCHHU. DKCIIEPUMEHTAIBHBIM IIyTEeM MO00paHbl ONTHMAIbHBIE YCIOBHS YA~
JICHUS] OPraHMYECKOro TeMIUIaTa U (OPMHPOBAHHE YCTOWYHMBOW YHOPSIOYECHHOW MaKpOMO-
pHcTOl CTPYKTYpHI MaTepuaina. [IokazaHa BO3MOXXHOCTh HCIIOJIB30BAHMS YaCTHIl SMYJIBCHH B
KauecTBe HAHOPEAKTOPOB sl BBEJCHHS HAHOYACTHI] OJIarOPOJHBIX METAJJIOB B MaKpPOIIOPHC-
Ty CTPYKTYPY OKCHJHOTO MaTepuaia.

HccnenoBaHbl M M3y4eHbI KaTAIMTHYECKUE CBOMCTBA MOIYyYCHHBIX MaTepHalioB B yC-
JIOBHSIX OKHMCIICHUS Pa3IMYHBIX cpel (ra3oBast, )ujakas). BeisBneHsl (akTopbl, BIUSIOMINE HA
W3MEHEHHE CTPYKTYPHBIX U KaTINTHYECKUX CBOMCTB MAaKpPOIOPUCTHIX MaTCpPHAIOB CBS3aH-
HBIE C YCJIOBHSIMH IIPOBEJICHNS TEMIUIATHOTO CHHTE3a: pa3IMYHbIC BUJIBI TEMILIATOB (pa3Mep,
3apsi), YCIOBHS UX ynajeHus (Temreparypa, raszoBas cpeaa). [loka3aHa mepcrneKTHBHOCTD
HCII0JIb30BaHKsI MaKPOIIOPUCTHIX OKCHIOB MapraHia, B TOM YUCIIe ¢ IMMOOWIM3UPOBAHHBIMH
HAHOYACTUIIAMU 30JI0Ta, B KAYECTBE KATAJIM3aTOPOB THAPOTEPMATIBHOIO OKHUCICHHUS METaJlIo-
PraHMYeCKUX KOMIUIEKCOB PaJHOHYKINIOB, HANPUMEp, OKUCIMTEIbHAs IECTPYKIHMS KOM-
riekcoB Co-O/ATA u Cu-3/ITA 110 COOTBETCTBYIOMINX OKCHIOB IEPEXOAHBIX MeTaIoB. [lo-
Ka3aHa IEPCIEeKTUBHOCTD MCIOJIB30BAHUS KAaTajJM3aTOPOB Ha OCHOBE OKCHIOB THUTaHA, Map-
raHna, B TOM YHCIE C BKIIOYEHHBIMH B IOPUCTYIO CTPYKTYPY HaHOYACTHI[AMH OJIarOPOJHBIX
METaJIJIOB, B IIPOILIECCaX IEepPepadOTKH paJMOaKTHBHBIX OTXOJOB. IIpHBEIECHBI IpUMEPHI HC-
OJIb30BAHUS CHHTE3UPOBAaHHBIX MaTEPHAIIOB ISl THIPOTEPMAIbHON MepepaboTKi KyOOBBIX
octatkoB ADC.
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TEMPLATE SYNTHESIS OF MACROPOROUS SORBENTS AND CATALYSTS ON
THE BASIS OF TRANSITION METAL OXIDES

E.K. Papynov, V.A. Avramenko
Institute of Chemistry, Far East Branch, Russian Academy of Sciences
159, Prosp. 100-letya Viadivostoka, Viadivostok 690022, Russia

Producing sorbents and catalysts with a controlled porous structure and predetermined
distribution of active materials in porous media comprises one of the most important prob-
lems of sorption and catalysis. One of the possible ways of solving the above problem con-
sists in a purposeful modification of the microstructure of sorbents and catalysts by means of
the template synthesis method using various types of templates (surfactant micelles, colloid
particles, block copolymers, latex emulsion particles, carbon nanoparticles etc.), which
enables one to control the size and shape of pores in the materials to be synthesized. Besides,
the templates used could serve as carriers of catalytically active materials (for example, noble
metals nanoparticles) and regulate, in such a way, the character of their distribution in the cat-
alysts porous media.

The present work was devoted to studies of macroemulsions of the “core-shell” type
based on copolymers of polyacrylic acid and polysiloxanes used in the synthesis of functional
materials applied, for example, to solve the problems of radioecology. The macroporous inor-
ganic materials on the basis of transition metal oxides have been synthesized and described.
The main difficulties of the synthesis of the above macroporous functional materials based on
the sol-gel-xerogel transition processes, which depend on specific conditions and reagents to
create a defect-free gel network containing quasicrystalline colloid emulsion crystals, have
been revealed. The optimal conditions of the removal of organic template and formation of a
stable ordered macroporous structure of the materials have been determined experimentally.
The possibility of using emulsion particles as nanoreactors to introduce noble metal nanopar-
ticles into the oxide material macroporous structure has been demonstrated.

The catalytic properties of the obtained materials during oxidation of different media
(gas, liquid) have been investigated. The factors affecting the changes of structural and cata-
lytic properties of macroporous materials related to the template synthesis conditions - differ-
ent template types (size, charge), template removal conditons (temperature, gas medium) -
have been revealed. The prospects of using macroporous manganese oxides, including those
with immobilized gold nanoparticles, as catalysts of the hydrothermal oxidation of radionuc-
lide metal-organic complexes, i.e. oxidation destruction of Co-EDTA and Cu-EDTA com-
plexes into respective transition metal oxides, have been demonstrated. The possibilities of
the application of the catalysts on the basis of titanium and manganese oxides, including those
with noble metal nanoparticles introduced into the porous structure, have been shown. The
examples of the application of the synthesized materials for the hydrothermal treatment of
nuclear power plant (NPP) evaporator concentrates are presented.
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HU3MEHEHUE OFBEMA ITIOJIUMEPOB B PE3YJIbTATE
AJICOPBIIMH ITAPOB BO/IbI

0O.K. Kpacunsaukosa, T.1O. I'pankuna, B.H. Cumonos
Hucmumym usuueckou xumuu u snexmpoxumuu umenu A.H. @pymxuna
Poccuiickoii akademuu Hayk,

Jlenuncxuit npocnexm, 31, Mocksa, 119991, Poccuiickas ®edepayus,
e-mail: krasilnikovaok@inbox.ru

HccnenoBana pedopmarys (pacliUpeHHe W CXKaTHE) - M3MEHEHHe oO0beMa HaOyXarommx
MOJIMMEPOB B IpoLiecce aacopOuuu MapoB BOAbL. TepMOIHHAMUYECKUE MapaMeTphl ancopo-
LHUU [IOJIMMEpaMu 6bIJ'll/l ONNMCaHbl C IPUMEHEHUEM METOa KOJIMYECTBEHHOMN OLICHKH B3aWMO-
JICHCTBUI B CHCTEME TOCTh- XO3MH “in situ”, OCHOBaHHBIM Ha M3YYCHHU U3MEHEHHUS 00beMa
HoJMMepa B pe3yspTaTe aJcopOLy MapoB BoAbl. B3auMmopeiicTBue MOJEKyJ BOJABI C MOJIe-
KyJlaMU MOJIMMEpa TMNPUBOAAT K UBMCHCHUIO IJINH CBA3EH MEXAYy aTOMaMH B MOJIEKYJIC I10-
nuMepa, KOHYOPMAMOHHBIM U3MEHEHHSIM MIOJIMMEpa, YTO M MPHUBOJHUT K M3MEHEHHUIO 00beMa
nonuMepa. Pacnpeznenenne MoJieKyJl BOJIbI, CBSI3aHHBIX C CPAaBHHUTENIBHO JJIMHHBIMU LIEMSIMH
MoJIMMepa MPUBOIUT K TOSIBJICHHIO Tellb CTPYKTYpbI nojumepa. [Ipu B3auMOJeHCTBHH  MEK-
Iy co0oit 2acTHYHBIX MOJIEKYJI TIoIMMepa 00pasyeTcst CBOOOAHbIH 00beM oIHMepa, copo-
LI1s1 MOJIEKYJI BOZIBI B KOTOPOM M BBI3BIBAET H3MEHEHHUs 00beMa MoJIuMepa.

CoriacHO TeopHH aJcOpOLMOHHOM NedopManii, OCHOBaHHOH Ha TEPMOJUHAMHUKE BaKaHCH-
OHHBIX PAacTBOPOB, aACOPOLHOHHAs HedopMalys 00yCIOBICHA HM3MEHEHHEM IIOJHOW CBO-
6onHol sHeprun ['MOOca NBYXKOMIIOHEHTHON CHCTEMbI aJICOPOCHT - aacopbar B mporecce
agcopOuy.

IIpoBeneHo wucciieoBaHNe HW3MEHEHHS oObeMa aJcopOeHTa - CMECH MOJIMMEpPOB —
(TIOMIMBUHUII THUPPPOJUIOH- IOJM-3TWICHIVIMKOJb), a TaKKe XWTO3aHa, LEJUIIOJIO03bl U
alprMHAaTa HATpUs B Tpomecce copbumu BoAbl. [loka3aHbl BO3MOKHOCTH METOAA JUIS
TEPMOJMHAMUYECKOTO ONMHCaHus HabyxaHus B mpouecce copOiun. OnpeneneH cBOOOIHBIH
00beM CHCTEeMBI TIOJINMEP-BOJIa, M3MEHEHUE CBOOOIHOI sHeprun ['mb0ca cucTemMsl, a Takxke
nepexo/] MOJIMMEPOB B IUIACTHYECKOE COCTOSIHUE B Pe3yJIbTaTe aJCOPOLIHU BOJIBI.
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THE VOLUME SWELLING OF POLYMERS CAUSED BY
WATER VAPORS ADSORPTION

O.K. Krasilnikova, T.Yu. Grankina, V.N. Simonov
Institute of Physical Chemistry and Electrochemistry after A.N.Frumkin
of Russian Academy of Sciences, Moscow, Leninskii pr. 31,
e-mail krasilnikovaok@inbox.ru.

Polymer sorbent deformations (expansion and contraction) — the variations in volume of
swelling polymers caused by adsorption of water vapours due to sorption process are under
study. The thermodynamic parameters of adsorption by polymers were investigated using the
"in situ" method of quantitative estimation of interactions in the host-quest system by the
studies of polymer's swelling due to adsorption of water vaporous. The interaction of water
molecules  (sorbate-solvent) with atoms of polymer (sorbent) leads to variation in bond
lengths in polymer molecules, changing the conformation of a macromolecules and the vol-
ume of polymers. The distribution of water molecules bonded to comparatively long polymer
chains forms the supramolecular gel network, and the interaction of elastic chains of polymer
manufactories the free volume into the polymer structure, sorption of water on which leads to
the variation in volume of polymer.

The sorption deformation has been interpreted with the model of vacancy solutions,
which connected the proportional relationship between sorption deformation and Gibbs poten-
tial of two component system sorbent-sorbate.

The present communication deals with the investigation of sorbent volume changes
caused by water sorption on some as polymeric blends (poly(N-vinyl pyrrolidone) —
poly(ethylene glycol) ), as well as chitosan, cellulose and sodium alginate. The possibilities
of this method for thermodynamic description of sorption and swelling process, the variation
of free volume of system polymer-water, the transition of polymer into plastic state caused by
sorption have been demonstrated.
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OPTAHOMMHEPAJIBHBIE COPBEHTBI MOJU®UIIUPOBAHHBIE
YI'VIEPOJJHBIMH HAHOTPYBKAMM

M.A. YHL;{HOBal, E.E. JlomoBuesa', U.H. IHy6HH2, n.C. J'IapHOHOBa2
1.040 «Kopnopayus Pocxumsawumay, Poccus, 392680, 2. Tambos, Mopwarckoe wiocce,
0.19, ¢paxc (4752) 53-79-04, E-mail: ohinht@roshimzaschita.ru.
2.I'ocyoapemeennoe yupeosicoenue BIIO Tambosckuii 20cy0apcmeeHHblil mexHu4ecKuil YHu-
eepcumem, 2. Tambos, yn. Jlenunepadckas, 0. 1, k.46 ¢ghaxc (4752) 63 92-93,
E-mail: postmaster@kma.tstu.ru.

Bbinyckaemble TPOMBIIIICHHBIE CHITMKATre/IeBbIe OCYIIUTENH 00JIaJaloT PsiIoM HEI0C-
TaTKOB, IIABHBIC U3 KOTOPBIX — HU3Kasl BOAOCTOMKOCTD M MEXaHUYECKasi IPOYHOCTb.

Panee mpoBeneHHBIMH HCCICIOBAHUSAMH ObLIa TMOKa3aHa BO3MOXHOCTh JOCTHYKCHHS
BBICOKHX IIOKa3areneil BojocToikoctu (6onee 99 %) cuimkareneBbIX OCYIIUTENEH TOHKHM
M3MeNbUCHUEM NpOoMBIIIIeHHBIX o0pasnoB cuimkareneit KCKIT u KCMI™ Ha crnenmansHOM
00opysoBaHuK ¢ mocieAymrM (opMoBaHueM. J{JIs 3TOr0 MCHONB30BATMCH PA3TMYHOTO TH-
na CBS3YIOLIME: HA OCHOBE OCHTOHHTOBBIX WM KAOJHWHHUTOBBIX IJIMH JIKOO OpraHMYecKux
KOMIIO3HIMI Ha OCHOBE MOJMBHHUIOBOTO ciiuprta U ¢roporuiacta ([IBC—®) i nonuBuHU-
nosoro criupra u kpemuezodst (ITIBC—K).

Hcrnonp30BaHne OpraHOMHUHEPAJIBHBIX CBA3YIOIIMX B TEXHOJIOTHH IPAHYJIMPOBAHHS CH-
JIMKareJIeBbIX COPOSHTOB IMO3BOJMIIO YIYYIIMTh ITOKA3aTEd MEXaHMYECKOH IPOYHOCTH B
1,5 — 2 pa3a o cpaBHEHHIO C UCIOIb30BaHHEM B KaUeCTBE CBS3YIOLIETO ININHBL.

TocneqHue HCCIEAOBaHHS MOBBIMICHHS IMPOYHOCTHBIX XapaKTEPUCTHK COPOCHTOB-
OCYIIUTENIeH HalpaBIeHbl HAa HCIOJIb30BaHHE B KauecTBe MOAM(UKATOpa YrIepOAHBIX Ha-
Hotpybok (YHT). D10 obycnosieno tem, uto YHT 001a1atoT psiioM yHUKAIBHBIX CBOWCTB,
CMOCOOCTBYIOLIMX TTOBBILICHUIO MPOYHOCTHBIX XaPAKTEPUCTHK PA3JINYHBIX HPOILYKTOB.

Beenenne YHT B coctaB cOpOESHTOB OCYLIECTBISIIOCH IBYMSI CHOCOOAMHU:

- HETIOCPEACTBEHHO B M3MENBYCHHBIH CUIIMKAreslb MyTeM CMELICHHUS ABYX MOPOIIKO00-
Pa3HBIX BEIIECTB B IJIAHETAPHON MEIIbHHUIIE,

- B coctaB opranoMuHepaibHbix cBs3yrommux ([IBC-®@ wiun [1BC-K) myrem mpeasapu-
tensHOro cmenienust [IBC u YHT Ttaxoke B muiaHeTapHOI MENTbHHUILE.

OCHOBHBIE aJICOPOLMOHHBIC W MPOYHOCTHBIC XapaKTEPUCTUKH IMOJTYYCHHBIX 00pa3loB
moudurmpoBannsix YHT, npencrasiensl B Tabnuiie.

Tabnuia
Tommas copoumon- |y ro o e cican
Has €eMKOCTb 110 "
Mapxka cunukaresns Cassyrolee MIPOYHOCTb, Bonoctoiikocts, %
mapaM BOJbI IIPH «r/rpanyny
P/Ps=0,75, mr/r
IMBC-®-YHT 280,5 2,04 99,9
Kemr TIBCK-VHT 315.6 2.52 99.9
IBC-® 279,6 1,50 99.9
KCMI-VHT IIBC-K 299,3 1,89 99,9
TIBC-® 306,1 2,05 99,9
KCMIr IBC-K 309,3 1,65 99,9
T'nuna 246,4 1,00 95,0

Mopudukanus YHT rpaHyInpOBaHHBIX CHIIHKArelieBbIX COPOCHTOB C OpraHOMHHE-
pabHBIMU CBSI3YIOIIMMHE TO3BOJISICT TPH COXPAaHCHUH YAOBIETBOPUTEIBHBIX 3HAYCHHI COPO-
LUOHHOW aKTHBHOCTH JIOTIOJIHUTEIBHO MOBBICUTH MPOYHOCTH IIOJYYCHHBIX TI'paHyl B 2 —
2,5 pa3a 1o cpaBHEHHIO C COPOCHTaMH C TIIMHHUCTHIM CBSA3YIONINM U eime B 1,5 pasa mo cpas-
HEHHIO C UCTIoJIb30BaHueM cBsizyromero [IBC-K.
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ORGANOMINERAL SORBENTS MODIFIED BY CARBON NANOTUBES

M.A. Ulianoval, E.E. Lomovtseval, ILN. Shubinz, LS. Larionova®
1. Roshimzaschita, 19, Morshanskoye Shosse, 392680, Tambov, Russia, fax (4752) 53-79-04,
e-mail: ohinht@roshimzaschita.ru.
2. State Enterprise VPO, Tambov State Technical University, 1, Leningradskaya Str., fax
(4752) 63-92-93, e—mail: postmaster@kma.tstu.ru.

Available industrial silica gel desiccants possess a number of disadvantages. Their main
disadvantages are: low water resistance and low mechanical strength.

Investigations conducted before have shown possibility of achieving high values of wa-
ter resistance (more than 99 %) of silica gel desiccants by find grinding industrial sorts of sili-
ca gels KSKG and KSMG on special equipment with the following forming. For this purpose
different binders hare been used: on the base of benitoite or caolin clays or organic composi-
tions — on the base of polyvinyl alcohol and fluoroplast (PVS-F) or polyvinyl alcohol and sili-
con sol (PVS-K).

Organomineral binders application in technology of granulating silica gel sorbents per-
mitted to improve 1,5 — 2 times as much values of mechanical strength in comparison with
using clay as a binder.

Last investigations on improvement of strength characteristics of sorbents-desiccants
are directed to using carbon nanotubes as modifiers. It is conditioned by the fact that carbon
nanotubes possess a number of unique properties that promote improvement of strength cha-
racteristics of different products.

Introducing carbon nanotubes into the sorbents composition Las been effected by two
methods:

- directly into ground silica gel by blending two powdery substances in planetary mill;

- into the organomineral binders composition (PVS-F or PVS-K) by preliminary blend-
ing PVS and carbon nanotubes in planetary mill as well.

The main adsorptive and strength characteristics of the received samples modified by
carbon nanotubes are presented in Table.

Table
Water Vapours
Full Sorptive Mechanical .
Silica gel Mark Binder Capacity Strength, W?;zzeRi/SIS-
(P/Ps=0,75), kg/granule 70
mg/g
PVS-F - C"ll)rbon 280,5 2,04 99,9
S
315,6 2,52 99,9
nanotubes
KSMG - car- PVS-F 279,6 1,50 99,9
bon nanotubes PVS-K 299,3 1,89 99,9
PVS-F 306,1 2,05 99,9
KSMG PVS-K 309,3 1,65 99,9
Clay 246,4 1,00 95,0

Modification of carbon nanotubes granular silica gel sorbents with organomineral bind-
ers permits additionally to raise 2 — 2,5 fold the strength of the receiver granules in compari-
son with clayish binder and 1,5 fold some more in comparison with using the binder PVS-K
when retaining satisfactory values of sorptive activity.
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OYHKIIMOHAJIM3UPOBAHHBIE ME30IIOPUCTBIE COPBEHTbI

10.J1. 3y6
Hnemumym xumuu nogepxnocmu umenu A.A. Yyiiko, Hayuonanvnas akademus Hayk Yxpau-
uol, 17, yn. I'enepana Haymosa, 2. Kues 03164 Yrpauna, e-mail: zub_yuriy@isc.gov.ua

Xumudeckasi IpUpoja OBEPXHOCTH COPOSHTOB — HAPSIy C TEOMETPHIECKON CTPYKTY-
poii — B 3HAYMTENBHOM CTemeHu ompenenseT ux cpoicraa [1]. [ToaTomy, U3MeHssT XUMUUe-
CKYyIO0 IPUPOJY HOBEPXHOCTH, MOXKHO CYIIECTBEHHO BJIMATH Ha aJCOPOLIMOHHBIE U TEXHOJIO-
THUYECKHE CBOMCTBA BaKHEHmMX mucrepcHbix cucteM [2,3]. Haubomee wacto ¢ 3Toi 1enbio
HCIOJIB3YETCS METOA MOJU(DHUIMPOBAHHS MMOBEPXHOCTH YXKE TMOJyYeHHBIX HOcuTesen [2-6].
OpHAaKO IpPU 3TOM BO MHOTHX CIIy4asx HAOJIOJArOTCS M3MEHEHUS M I'€OMETPHUYECKHX Iapa-
METPOB, KOTOPbIE TPYJHO KOHTponuposats. [1oaToMy B mocneaHee BpeMst 3HAUNTEIBHOE pac-
[IPOCTPaHEHUE MONYYHIH 307b-rejb [7,8] M TeMIUIaTHBIA METOABI [9], B KOTOPBIX HCHOJbB3Y-
€TCsl peaklysl THAPOIUTUIECKOM TONUKOHAECHCAIIUY NIPEKYPCOPOB, Yalle BCETO — alIKOKCHCHU-
naHoB. OCOOCHHOCTBIO ITUX METOJOB SBISACTCS BO3MOXKHOCTH OCYIIECTBICHUS OJXHOCTAIHN-
HOI'0 CMHTE3a, BO BPEMsI KOTOPOI'O MOXKHO OKasbIBaTb 3HAYUTECJIBHOC BJIMAHHC KaK Ha Iapa-
METpBI TIOPUCTON CTPYKTYpPHI COPOCHTA, TaK M Ha XMMHUYECKHH COCTAB €r0 HOBEPXHOCTHOTO
c1osi. OTa BO3MOXKHO B ClIyyae IPHUMEHEHUS] MHOIOKOMIIOHEHTHBIX CHCTEM, a TakKe 3HAHHA
(hakTOpOB, BIMSIOMIMX B TaKUX CHCTEMax Ha CTPYKTYPHO-aJICOPOLIMOHHBIE XapaKTEPUCTHKU
KOHEYHBIX MPOIYKTOB, CTENEHb IHAPO(GOOHOCTH MX MOBEPXHOCTH, UX MEXaHHYECKYIO IPOY-
HOCTb H T.1I.

B Hacrosiiiem 0030pe Ha OCHOBaHMU, B IEPBYIO O4Yepellb, padOT aBTOpa paccMaTpUBa-
IOTCS. OCOOCHHOCTH CHHTE3a — C IPHMEHEHHEM 30JIb-TeJlb METO/Ia — MOJIMCHIOKCAHOBBIX U
MOCTUKOBBIX MOJINCHUJICECKBUOKCAHOBBIX COPOEHTOB, COZACPXKALIMX MOHO- M OM(YHKLHO-
HaJIbHBIM KOMILIEKCOOOpasyomuii cioi [8], a Taxke 0COOEHHOCTH MOIYYSHUs — ¢ UCHOJIB30-
BaHHEM TEMIUIATHOTO METOJa — ME30HOPHCTBIX KPEMHE3EeMOB C MOHO-, OM- M TpH(YHKIHO-
HaJIbHBIM OBEPXHOCTHBIM citoeM [9]. Ocoboe BHIMaHKE YAEIEeHO (akTopam, HCIOIb30BaHUE
KOTOPBIX IIO3BOJISICT IOJYy4aTh ME3ONOPHUCTHIE COPOCHTHI C HEOOXOIMMBIMH CTPYKTYpHO-
a7ICOPOLIMOHHBIMU XapaKTEPUCTHKAMH M CBOWCTBAMH MOBEPXHOCTHOT'O CJIOS.

PaccmoTpena Takke BO3MOXKHOCTh TPHMEHEHHs CHHTE3HPOBAaHHBIX ME30MOPHCTBIX
KpeMmHe3eMoB B copbrun noHoB meramuioB (cepedpa(l), memu(ll), mukens(Il), xammus(Il),
prytu(1l), 3omora(Ill), mantanonnos(Ill) u akTHHOUIOB) M3 UX BOAHBIX M HEBOIHBIX PACTBO-
POB M YCTaHOBJIEHBI (haKTOPHI, BIMSIONIME HAa COCTAB M NPOYHOCTh KOMIUIEKCOB, 00pasyio-
LIUXCS B TOBEPXHOCTHOM CJIOE TAKHX COPOCHTOB.

Asemop orazooapum YHTL] (npoexm Ne 5516), a maxoce 'LIHTII HAH Ykpauner "Hanomexno-
J0euu u Hanomamepuanol" (npoexm Ne 6.22.5.42) 3a ghunancogyio noodepicKy Imux ucciedo8aHuil.

1. Heitmapk W.E., leitndaiin P.1O. Cunnkarens, ero noitydenue, cBoiicta u npuMenenue. — K.: Haykosa aym-
Ka, 1973. — c. 165-182. 2. Xumusi I0OBEpXHOCTH KpeMHe3eMa: [c0. Hayd. pabot/ HayuH. pex. Uyiiko A.A. ] — K.
UXITHAHY, 2001, 4. 1. — 753 c. 3. MoauuupoBaHHbIE KPEMHE3EMbI B COPOIINH, KaTaanu3e U XpoMaTorpahuu
/Mon pen. I'.B.JIucnukuna. — M.: Xumnst, 1986. — 248 c. 4. Tepteix B.A. XuMu4eckue peakiuu ¢ y4acueMm
kpemnesema. — K.: HaykoBa mymka, 1991. — 264 c. 5. Vansant E.F., Van Der Voort P., Vrancken K.C.
Characterization and Chemical Modification of the Silica Surface. — Amsterdam: Elsevier, 1995. — 550 pp. 6. a)
3211\/'[]_[6}3 B.H. KOMHHEKCOOﬁpBJyIOHIHC KPEMHE3E€Mbl: CUHTE3, CTPOCHUE IIPUBUTOI'O CJIOS U XUMUS MOBEPXHOCTH.
— XapbkoB: ®ommo, 1997. — T. 1. — 239¢. 6) Xomun 10.B., 3aitues B. H. Kommniekcbl Ha TOBEpXHOCTH XUMUYE-
CKU MOZM(HULMPOBAHHBIX KpeMHe3eMoB. — XappkoB: ®omnno, 1997. — T. 3. — 136 c. 7. Caunsikosa U.B., lenuco-
Ba T.W. Kpemuuitopranudeckue ancopdentsi: Ilonydenue, cBoiicta, npumenenue. — K.: HaykoBa mymka, 1988.
— 192 c. 8. Zub Yu.L., in: Sol-Gel Methodsfor Materials Processing (Eds. P.Innocenzi, Yu.Zub, V. Kessler). —

Springer. — 2008. — P. 1-29. 9. Haszapuyk I'.11., T'ona E.J., 3y6 10.JI., B: HanomaTepuaibl B MEIUIUHE, OHOIIO-
ruu 1 okonorun (mox pen. A.IL Illnaxa u B.IT. Yexyna). — K:. HaykoBa nymka, 2011 — 440 c.
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FUNCTIONALIZED MESOPOROUS SORBENTS

Yu.L. Zub
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Sorbents properties are largely determined by the chemical nature of their surfaces,
along with the geometric structure [1]. Therefore, changing the chemical nature of the surface
can be used to affect the adsorption properties of the major technological and dispersed
systems [2,3]. The method of surface modification of ready-made sorbents is the most
commonly used for this purpose [2-6]. However, in many cases, it causes changes in
geometric parameters, which are difficult to control. Therefore, sol-gel [7,8] and template
methods [9] based on the reaction of hydrolytic polycondensation of precursors, mostly
alkoxysilanes, have been significantly widespread recently. A key feature of these methods is
the possibility of one-step synthesis, during which both the parameters of the porous structure
of the sorbents and the chemical composition of their surface layers can be regulated. This is
also possible for multicomponent systems, when the factors affecting structural-adsorption
characteristics of the final products, the degree of hydrophobicity of their surfaces, their
mechanical strength, etc. are determined.

This review, based first and foremost on the author's works, considers the peculiarities
of the synthesis (by sol-gel method) of polysiloxane and bridged polysilsesquioxane sorbents
containing mono- and bifunctional complexing surface layers [8], as well as the peculiarities
of the synthesis (by template method) of mesoporous silicas with mono-, bi-, and trifunctional
surface layers [9]. Particular attention is focused on the factors, which allow to obtain
mesoporous sorbents with the necessary structural-adsorption characteristics and surface
properties.

The possibility of application of the synthesized mesoporous silicas in the adsorption of
metal ions (silver (I), copper (II), nickel (II), cadmium (II), mercury (II), gold (III), lantha-
nides (III), and actinides) from their water and non-aqueous solutions was considered, and the
factors affecting the composition and stability of the complexes formed in the surface layers
of sorbents were established.

The author expresses gratitude to STCU (Project No 5516) as well as State Scientific
and Technical Program of NAS of Ukraine "Nanotechnologies and Nanomaterials" (Project
No 6.22.5.42) for the financial support of the research.
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Chekhun). - K:. Naukova Dumka, 2011 - 440 pp.

253



ASSESSMENT OF ACIDITY OF JORDANIAN CLAYS BY MEANS OF TPD-NH;
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*Murad AlSawalha, "Frank Roessner, “Lyudmila Novikova, “Larissa Bel’chinskaya
“Jubail Industrial College, Department of Chemical & Process Engineering Technology, PO
Box 10099, 31961 Jubail Industrial City, KSA, murad_s@jic.edu.sa
Carl von Ossietzky University Oldenburg, Institute of Pure and Applied
Chemistry, Industrial Chemistry 2, D-26111 Oldenburg, Germany,

E-mail: frank.roessner@uni-oldenburg.de
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Characterization of acid-base properties of inorganic solids is essential for understand-
ing the behavior of catalysts during heterogeneous catalyzed reactions. The acidity of alumo-
silicates is characterized in terms of Broensted and Lewis acid sites generally formed by
bridged hydroxyls Al-(OH)-Si and aluminum with low coordination or surface defect sites
correspondingly. Experimental assessment of acidity/basicity of porous materials are usually
realized by titration, spectroscopic techniques as well as temperature programmed desorption
(TPD) of probe molecules such as NH3 and CO; or test catalytic reactions [1].

In present work acidic properties of raw Jordanian clays containing zeolite, bentonite,
kaolinite and diatomite were characterized by means of TPD of NH; and catalytic test reac-
tion of methylbutynol (MBOH) conversion.

Experimental NH3-TPD profiles of raw Jordanian clays were represented by symmetric
single peaks laying within temperature range 100-400 °C except for zeolite. Two peaks at 180
°C and 250 °C on the plot for zeolite pointed to different strength of two acidic sites on the
surface. The number of acid sites was estimated. For zeolite, bentonite, red kaolinite, white
kaolinite and diatomite it equals to 130.0; 59.4; 56.9; 14.1; and 29.0 pmol/g, correspondingly.
The order of the acidity showed good correlation to the amount of silica/alumina ratio of stu-
died clays except for diatomite, i.e. the higher the ratio of silica to alumina in the sample, the
higher is the amount of desorbing ammonia. High Si/Al ratio of diatomite results to formation
of poorly polarized surface silanol groups due to low content of Al,O; and absence of acid
sites.

Catalytic reaction of MBOH conversion was utilized for direct characterization of acidic
and basic properties of Jordanian clays. It was observed that mainly MBYNE and acetone are
the products of the acid and basic pathways of the conversion of MBOH, respectively. The
conversion MBOH over studied catalysts decreases in a following sequence zeolite > bento-
nite > red kaolinite > white kaolinite > diatomite. Diatomite revealed the lowest MBOH con-
version as a result of its low acidity due to poor polarization of surface silanol groups by
small content of alumina. As it was calculated, zeolite and bentonite indicated relatively con-
stant selectivity of MBYNE, whereas one distinctly decreased in case of red and especially
white kaolinite as a result of formation of products from basic pathway of test reaction, name-
ly, acetone and acetylene. This fact is caused by considerable concentration of basic AIOH-
groups on the surface of kaolinite due to low Si/Al ratio.

Hence, catalytic activity of clays in test reaction of MBOH conversion correlates to sur-
face acidity of alumosilicates obtained from TPD-ammonia results.

[1] Alsawalha, M., Roessner, F., 2008. Insight in to the reaction mechanism of the conversion
of methylbutynol on silica-alumina. React. Kinet. Catal. Lett. 94 (1), 63-69.
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EVALUATION OF THE USE OF SOLIDS WASTE GENERATED IN THE
ACTIVITIES OF EXPLORATION AS ADSORBENTS FOR TREATMENT OF OIL
DERIVATIVES

W.C. Souza', JP.M. Miguens', H.L. Corréa', M.A.G. Figueiredo'

'Rio de Janeiro State University, Center for Technology and Sciences - Institute of Chemistry.
Laboratory Engineering and Technology of Petroleum and Petrochemicals

Currently, the biggest concern of the industries is the disposal of waste generated. The lig-
uid effluents in general have more elaborate studies about the alternatives for their treatment
by reducing their toxicity or by changing their specifications for a return to the process, just
like an internal recycling. In the case of solid waste, there are many papers about its reuse.
These studies involve alternatives to reduce the toxicity and subsequent disposal. In others
cases, the studies are about the employment of the solid waste as material for construction
(bricks). This work aims to evaluate the adsorption capacity of the wastes used as drilling
muds, which are currently disposed in the industrial landfills. For this, diesel was used as load
and the nitrogen and sulphur compounds were employed as the main contaminants. The sam-
ples were characterized by X-ray fluorescence (XRF), to see the composition, and by ASAP,
to analyze the surface area and pore volume. Kinetic tests were realized to check the adsorp-
tion capacity and the equilibrium time, to be used as base in the fixed bed experiments.
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ADSORPTION SUBSTRATES OF SAWDUST FOR ADVANCED WASTEWATER
TREATMENT

A. Duta', D. Lucaci
Transilvania University of Brasov, Dept. Renewable Energy Systems and Recycling, Eroilor
29, 500036 Brasov, Romania,e-mail: a.duta@unitv.ro

Using waste materials for advanced wastewater treatment represents a combined solution for
reducing the environmental burden. Sawdust results in large amounts from wood manufactur-
ing and only about 50% is further processed, as fiberboards, OSB, etc.

Raw sawdust has a slightly polar, heterogeneous surface that can represent an adsorption sub-
strate, after removing the soluble compounds (with pollutant or toxic potential).

Pretreated sawdust, after water and alkali removal of soluble compounds, was investigated as
adsorbent for heavy metals and/or dyes’ removal. Experiments were done on three types of
saw dust from single- (heavy metal or methylen blue) and bi-pollutant solutions (heavy metal
and methylen blue) and the adsorption conditions were optimized also considering the pzc of
the substrate(s) and dye. The results show that the adsorbent efficiency strongly depends on
the wood type (dense — oak, light — willow and white poplar). Adsorption experiments allow
to identify the mechanisms (Langmuir, for the hydrated copper cation and Freundlich for the
dye) and the parallel kinetic processes that could be modeled by the pseudo-second order ki-
netic and interparticle diffusion. Considering the adsorption capacity resulted from the ther-
modynamic and kinetic models, it could be outlined that adsorption centers of various activity
are randomly distributed over the surface. The pre-treatment conditions influence the adsorp-
tion processes, as result of different changes in morphology (investigated by AFM) and in the
crystalline structure (XRD).
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ADSORPTION MECHANIZMS OF HEAVY METALS AND SURFACTANTS ON
FLY ASH WITH MODIFIED SURFACE CHANGE
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The fly ash (FA) is a low-cost waste material with predominant oxide composition, thus with
significant surface charge. Therefore, FA can be a good substrate in wastewater treatment for
the immobilization of heavy metal cations, (Cd*", Cu®', Zn*, Ni*', Pb*"), dyes and for surfac-
tants removal. The properties of fly ash are strongly depending on the coal-burning, type of
furnace and process in the power plant. For an up-scalable wastewater treatment process, a
substrate with good adsorption efficiency and with relatively constant behavior is needed and
modifying the fly ashes surface can be a feasible solution for reaching both goals. The adsorp-
tion process on the FA surface is linked with the FA composition, mainly with the aluminosi-
licates and unborn carbon content. The use of concentrated NaOH solutions was reported, tar-
geting the aluminosilicates for modifying the FA at room temperature or in hydrothermal
processes. Still, concentrated alkaline solutions represent an environmental threat. Therefore,
alternatives must develop using less concentrated NaOH solutions for surface modification.
Working with industrial wastewaters proved that there is a competitive adsorption process
involving more pollutants for example heavy metal cations, dyes and surfactants.

The paper presents a comparative study of the heavy metals (Cd**, and Cu®") and (1- Hex-
adecyl)trimetylammonium bromide (HTAB) cationic surfactant adsorption on FA (CPH- Bra-
sov, Romania), modified with NaOH 2n solution. The aqueous cationic HTAB was prepared
below CCM. As reference, experimental adsorption isotherms were obtained for HTAB on
modified FA (SiO, -partially hydrophilic, and Al,O3 -hydrophilic) at room temperature. The
amount of surfactant adsorbed per surface area unit was calculated from surface tension using
(Contact Angle System CA20).

The adsorption kinetic, the substrate capacities and the mechanisms are further discussed cor-
related with the surface structure (XRD), FTIR and morphology (AFM). The results indicate
parallel adsorptions of heavy metals and surfactants from mixed solutions. The results show
that, fly ash with controlled surface properties allows the simultaneous removal of heavy met-
als and surfactant, resulting waters that respect the discharge regulations.
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OKUCJIMTEJIbHAA AACOPBLUA 4,6- TUMETWI-TUBEH30TUO®EHA
MHMHEPAJIbHBIMHA KOMITIO3UTHBIMU AICOPBEHTAMMU

0.K. Kpacumsaukosa, H.B. Crepxos, P.C. bopucos,

H.B. CepebpsixoBa, E.B. Xo3una, T.1O. I'pankuna
Hucmumym usuueckou xumuu u snexkmpoxumuu umenu A.H. @pymxuna
Poccuiickoii akademuu nayx,

Jlenunckui npocnexkm, 31, Mockea, 119071, Poccuiickas ®edepayus,
e-mail: krasilnikovaok@inbox.ru

IIpoGnembl, cBsi3aHHBIE C INIYOOKOH AMCYNIb(ypH3alMel TOIIMBA IPUBICKAIOT OOJIb-
110€ BHUMaHHE, 00yCIIOBIEHHOE CTPOrMMH TPeOOBaHUSMU K COAEP>KaHUIO CEPbl B TOILIMBAX.
B 2006 romy ATeHTCTBO 3aIIUTH OKpYyXxaromeii cpeasl rocaenapramenta CIIA ymeHbmmmo
npeJebHOe KOJIMYECTBO CEphbl B JU3EJIbHOM TOILIMBE 10 15 MIH. joneil. OTH orpaHuyeHus
CBSI3aHBI HE TOJIBKO C HEOOXOJUMOCTBIO COKPATHTh BPEIHBIC BBIXJIONBI B BO3IYX OT JABUraTe-
neit (Hanpumep, SOy). Jpyrast npuunHa, CTUMYIUPYIOIIAs UCCIIEA0BAHUs B 00JIacTH Ti1y6o-
KOH OYHCTKH OT Cepbl, COCTOMT B HEOOXOIMMOCTH UCKIIIOUUThH BPEHOE BO3AEHCTBUE CEpOCO-
JIepIKaluX COSTUHEHHUI Ha BHICOKOTEXHOJIOTHYHBIC TOIUIMBHBIC 3JIEMEHTBHI, @ TAKKe Ha KaTa-
JIM3aTOPBI, YyBCTBUTEIBHBIE K CEpe, KOTOPbIE MCIOJIb3YIOTCS NPU MepepaboTKe yrieBoaopo-
J0B. OOBIYHO JKHJKHE YIJIEBOAOPOIHbIE TOIUIMBA cozepxar okoao 30 macc. % apomaruue-
CKHX CepOCOJepKALINX COSOUHEHHH, TOra KaK Uil paboThl TBEPIO OKCHUAHBIX TOIUTUBHBIX
2JIEMEHTOB COJIep)KaHHEe Cephbl B TOILTUBE HE JOJDKHO MpeBbImaTh 10 MiH. gosei u 1 MiH. 10-
neil B cityyae MeMOpPaHHBIX TOIUTMBHBIX 3JIEMEHTOB C IOJMMEPHBIM 3JIEKTPOJIUTOM. Y Jae-
HHE Cepbl B MPOLECCe THAPOACCYIb()YpPH3AIMH JOCTUTAET MPEISIbHON BETMYHMHBI, HE MEHb-
medd, uyem 15 wMuH. foned, T.K. NPOM3BOAHBIE AnOeH3oTHOGeHAa U 4,6-TUMEeTHII-
JO6eH30THO(EHA OCTAIOTCS B TOILIUBE.

IMony4yeH HOBBIH KOMITO3UTHBIH aJCOPOCHT Ha OCHOBE IOPOIIKOBOTO IPUPOJHOTO Tpe-
nena, MoauduUMpoBaHHOrO  MeraiiamMd. Ha  mpumepe  pactBopa  4,6-IUMETHII-
nuben3oTHo(deHa B JekaHe (MOJEIbHOE TOIUIMBO) MCCIEJ0BAHbI MPOLECCHl CEeNEKTUBHON ajl-
copOuuM Ha aJcOpOEHTE HAa OCHOBE TOHKO JUCIICPCHBIX MHUHEPAIbHBIX aJCOPOCHTOB B CTa-
LHOHAapHOM pexume npu 25°C u HopManbHOM japieHuu. HauanbHble KoHIeHTpanuu 4,6-
IUMeTHI-IrOeH30THO(EeHa B pacTBOpe MekaHa coctasisuim 25, 50, 100, 150, 200 u 300 mua.
nonei. KuHernueckue ¥ paBHOBECHBIE HCCIIEOBAHUS MpoLEcca AeCyIb(ypu3aluu ¢ npume-
HEHHEM METOJ0B XpoMaTorpaduu, Macc-crekrpomerpun, Y D-BC crekTpockonuy Hokasain
BBICOKYIO aICOPOLIMOHHYIO €MKOCTb UCCIIEIOBAaHHbBIX aJCOPOCHTOB.

Hcnonb3oBaHne TakMX KOMIIO3UTHBIX aICOPOEHTOB B Ipolecce riy0okoi necynbhypu-
3aIliM OTKPBIBAECT HIMPOKHE BO3MOXKHOCTH JUIS TOHIDKEHHS CEpOCOJECp)KaHMS B TOIIMBAX
BIUIOTH /10 | MutH. fomu (ppm).
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Frumbkin Institute of Physical Chemistry and Electrochemistry of
Russian Academy of Science
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e-mail :krasilnikovaok@inbox.ru

The problems connected with deep desulfurization of fuels notice great attention caused
by the exacting requirements of sulfur content in fuels. In 2006 Environment Protection
Agency of US Department reduced a limited amount of sulfur in diesel fuel up to 15 ppm.
These limitations are connected not only with a necessity of reducing exhausting of engines
(e.g. SOy) into air. Another reason stimulating the investigations in the area of deep desulfuri-
zation is a necessity to extract an adverse effect of sulfur containing compounds at processing
of high efficiency fuel cells, as well as at the treatment of hydrocarbons with usage of sulfur
sensitive catalysts. Usually liquid hydrocarbon fuels contain about 30 mass % of aromatic sul-
fur containing compounds, while the sulfur content must be less than 10 ppm for solid oxide
fuel cells and less than 1 ppm for membrane fuel cell with polymer electrolyte. Removal of
sulfur by HDS process allows achieving the limit of sulfur content no less than 15 ppm be-
cause derivatives of dibenzothiophene and 4,6-dimethyl-dibenzotheophene remain in fuel.

A new adsorptive composite of native tripoli powder modified by metals was obtained.
The selective adsorption of sulfur containing compound was investigated for the model solu-
tion of 4,6-dimethyl-dibenzothiophene in decane (model of fuel) on the adsorbent based on
powder mineral adsorbents in bath conditions at 25 C and normal pressure. The content of
4,6-dimethyl-dibenzothiophene in decane solution were 25, 50, 100, 150, 200 and 300 ppm.
The kinetic and equilibrium investigations of the adsorption processes occurring in the system
under study with applying of chromatography, mass-spectrometry and UV-VIS spectroscopy
methods show the great adsorption capacities of examined adsorbents in respect to sulfur
compounds.

Application of these compositions in the processes of deep desulfurization gives wide
facilities to reduce sulfur content in fuels up to 1 ppm
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Hanomarepuansl (HM) HaxoasT mIMpOKoe MPUMEHEHHE B OMOJIOTMH, MEIULIMHE, XH-
MHH, QU3KKe, HIEKTPOHHKE, MaTepuanoBeaeHH. J{JIs [eJIeHanpaBIeHHOTO CHHTE3a U IIPUMe-
nennst HM HeoOxoauMo n3yvaTh ux aacopOIMOHHBIE cBOWCTBA. ['a30Bas xpomarorpadus (I'X)
HO3BOJISCT HCCIIE0BaTh TOHKHE MEXAaHHW3MBI B3aMMOICHCTBHS ancopbar-aIcopOeHT B Ha-
YaJbHOM 00JIaCTH 3allOJIHEHHUs TOBEpXHOCTH. ONpeIeeHbl BpeMeHa yIepKHBaHUs TECTOBBIX
COEIMHEHUH Pa3INYHOM MPUPOABI IIPU Pa3HBIX TEMIEpaTypax Ha KPEMHE3EMHBIX U YIIepo.-
HeIXx HM, 4TO 1m03BOJIMIIO paccyMTaTh KOHCTaHThI ['eHpH ajcopOiuoHHOro paBHoBecHs K,
TEIIOTHI a1COPOIMH TIPH MOCTOSHHOM 00BEMe Q, M BKJIA/B! CTICUpHUECKHX B3aUMOJICHCT-

BH#i A Q| scney, TOJSAPHBIX 27COPGATOB B OGIIIYIO SHEPTHIO ACOPOIHMH.

1) B kadectBe kpemHe3eMa mcnonb3oBaH cmiioxpoM C-120 (yzenbHast TOBEpXHOCTb
150 m%r). Jlns momuduumpoBanus BbIGpaHbl crabumereie HU Pd, nomydeHbie B
MHLEIULIPHBIX ~ PacTBOpax HOBEPXHOCTHO-aKTHBHOI'O emectea  AOT  (Ouc-
(23THAreKCUIT)CYNb(OCYKIIMHAT HATPUs) B HPHCYTCTBUH HOHOB Pd mox neiictBuem y —
obmyuennsi. Koapduiment comodbummsanun, ®y=[H,O)/[AOT] pasen: 1.5; 3.0; 5.0 [1].
Koncrantel I'eHpM Jjuii  HAaHOKOMIIO3HMTA, IIOJYYEHHOr0 INpH  MOAU(UIMpOBAHUU
HaHovactunamu Pd cumoxpoma, mporperoro mpu 493 K, MeHble, yeM JUisi HEPOTPETOTO
CHJIOXPOMa, YTO MOXXHO OOBSICHHTb HAJIMYMEM B IOCIETHEM aacOpOMPOBAHHBIX MOJIEKYI
Bonsl. Ilpm mommpumumposanmun HY Pd (o9 = 5) tepmoobpaboranHoro C-120 ero
MOBEPXHOCTh CTAHOBUTCSI MEHEe IOJSIPHOM 3a CUET yriieBOJOPOAHBIX panukanoB AOT.

2) B xagectBe yreponsbix HM n3ydeHsl 00pa3Ibl yIBTPaAUCIEPCHBIX TOPOIIKOB all-
Mmasa (YI]A), nonyueHHbIe IETOHAMOHHBIM CHHTE30M U MOAU(HLIUPOBAHHBIE XUMHUYECKUMH
MetoaaMu [2]. YienbHas MOBEPXHOCTh MCXOAHOTO oOpasia Mo HHU3KOTeMIepaTypHOM aj-
copGuuu azota cocraBmsuia ~ 300 M*/r. Tloka3aHo, 4TO PAIHUYHBIC CIOCOGH XMMHYECKOTO
Moauduuposanus o6pasnoB YA npuoasat k usmeHeHuto Ky, Q; 1 AQ, ,cnen. BCEX uccite-
JIOBaHHBIX a1cop0aToB. Briaas! crerupuyeckoro B3auMoASHCTBUS 3HAYUTEIIBHO OOJIbIIE IS
HCXOIHOro 00pasia, yeM sl MOAU(pUIHPOBaHHBIX 00pa3ioB. Cnenn(pUIHOCTh TOBEPXHOCTH
MoaudunupoBanusix YA yosiBaer B pany: YIA-CIT- NH;,VIA-CITHH,, YIA-CII-Ch, YIA-CIT-
CCl,. Momuduumposansbie YJIA MoryT ObITH MPUMEHEHBI JUIsi KOHLCHTPUPOBAHHS MHKPO-
npUMecel BPeIHbIX BEIIECTB, a TAKXKE B XpOMaTorpaduH.
JINTEPATYPA
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suouyma PAH Ne2(

260



ADSORPTION PROPERTIES OF NANOMATERIALS OF DIFFERENT NATURE
DATA OF GAS CHROMATOGRAPHY

S.A. Borovikova, L.D. Belyakova, L.N. Kolomiets, A.O. Larionova, G.G. Muttik *
Russian Academy of Sciences Institute of Physical Chemistry and Electrochemistry named
after A.N. Frumkin Academy of Sciences
119071, Moscow, Leninsky Prospect, 31, E-mail: borovikova7@mail.ru
*119991, Moscow, Chemical Faculty of Moscow State University
named after M.V. Lomonosov

Nanomaterials (NM) are widely used in biology, medicine, chemistry, physics, elec-
tronics, materials science. For the targeted synthesis and application of NM it is necessary to
study their adsorption properties. Gas chromatography (GC) allows us to study subtle me-
chanisms of interaction between the adsorbate-adsorbent in the initial region of surface cover-
age. The retention times of test compounds of different nature at different temperatures on the
silica and carbon NM have been measured. On the base of these data Henry's constant of ad-
sorption equilibrium (K;), and adsorption heat at constant volume (Q, ), and also the contribu-

tions of specific interactions (A Q, spec.) polar adsorbates to the total energy of adsorption have
been calculated.

1) As the silica is used silochrom C-120 (specific surface 150 m?/g). For modification
of selected stable Pd nanoparticles, obtained in micellar solutions of surfactant AOT (bis (2-
ethylhexyl) sulfosuccinate sodium salt) in the presence of Pd ions under the influence of y -
radiation. The coefficient of solubilization, my = [H>O]/[AOT] is equal to 1.5, 3.0, 5.0 [1].
Henry's constants for the nanocomposite, obtained by modifying heated at 493 K silica by Pd
nanoparticles, are lower than for unheated silica that can be explained by the presence in the
latter of adsorbed water molecules. Under modification heat-treated C-120 by Pd nanopar-
ticles (wp = 5) its surface becomes less polar due to hydrocarbon radicals of AOT.

2) As the carbon NM the samples of ultrafine powders of diamond (UDD) obtained by
detonation synthesis and modified by chemical methods have been studied [2]. The specific
surface area of the initial sample according to the low-temperature nitrogen adsorption was S
~ 300 m%g. It is shown that different methods of chemical modification of samples of UDD
lead to a change in K, and AQ spec. for all investigated adsorbates. The contributions of spe-
cific interaction are much greater for the initial sample than for the modified samples. The
specificity of surface-modified UDD decreases in the series: UDD-SP-NH;, UDD-SP-H,,
UDD-SP-Cl,, UDD-SP-CCl,. Modified UDD can be used to concentrate the traces of harmful
substances, it also is used in chromatography.

REFERENCE
1. Kezikov A.N., Revina, A.A., Bryantseva N.V., Magomedbekov E.P. // Advances in chemi-
stry and chemical technology. 2003. T. XVII. Ne 10 (35). P. 69-72.
2. Spitsyn B.V., Aleksenko A.E., Denisov S.A., Chopurova A.G. et al / Collection. Current
problems in physical chemistry of nanomaterials. M.: "The Border". 2008. P. 178.
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COPBIUA TAPOB KAK METO/ OHEHKH SHEPI'MH IOBEPXHOCTH
TEPMOOBPABOTAHHO JPEBECHUHBI

E.A. Yupkosa, b. Aunepconc, . Aunepcone
Jlamsutickuii 2ocyoapcmeentuiii HHcmumym xumuu opesecumvl
Dzerbenes str., 27, Riga, LV-1006, Latvia
E-mail: cirkel@edi.lv

JlpeBecuHa npeCTaBisSeT YHUKAJIbHbBIA CTPOUTEIbHBIA MaTepyal, KOTOPbIi COYeTaeT NPOHHU-
LIAeMOCTb, ITPOYHOCTH, TEXHOJIOTHYHOCTh M YAOBIETBOPSIET TUTHEHHYECKUM TpeboBaHusM. K
HelocTaTkaM GONIBLIMHCTBA OPOJ APEBECUHBI CIEAYET OTHECTH HU3KYI0 aTMocdepo- U 61o-
CTOMKOCTB, YTO SBIICTCS CICACTBHEM €€ HMOBHIMICHHOU THApoduiubHOCTH. DTa IpobieMa B
3HAYUTEIBHOIN CTENEHM PEelIaeTCsl, B YaCTHOCTH, ITyTeM TePMHUYECKOH MOJU(DHUKAIMU JpeBe-
CHHBI B MHEPTHOH cpezie npu Temieparypax 160-220°C, cnocobcrBytomieit ee ruapododuza-
uud. OIHaKo B pe3yibTaTe Takoi 0oOpabOTKH yXy[AIIaeTcss COBMECTUMOCTH JPEBECHHBI C
MPOIUTOYHBIMU COCTABAMH M CHIDKAETCS a[re3ust K APEeBECHHE TPAJUIMOHHBIX 3aIIUTHBIX U
JIEKOPATHBHBIX MMOKPBITHH, 4TO TpeOyeT UX MOAU(PUKALNK KX 3aMEHBI.

Lenb paboOThI — OLEHUTh U3MEHEHUE MOBEPXHOCTHOM YHEPIUH JIPEBECHHBI JIUCTBEHHHBIX MO~
pox (6epe3bl, OCHHBI, CEpOil 0JIbXH) B Pe3yJbTaTe TEPMUICCKON MOAU(DHUKALINN HA OCHOBAHUH
CpPaBHCHUS U30TEPM aJICOPOLMHU NapoB BOJBI, CHIUPTOB U GeH30ia. MHTeprpeTalys moTyyeH-
HBIX PE3yJIbTATOB BBIMOJHEHA C MCIOJIb30BAHHEM TPEXMEPHOIO MapameTpa pacTBOPUMOCTH
Xancena. [lokazaHo, 4To B pe3yibrare TepMOOOPaOOTKM IPEBECHHBI HPH TEeMIIEpaTypax
160°C u BbIIIEe (B 3aBHCUMOCTH OT HOPOJIbI) YMEHBIIACTCS BKJIAJ BOJOPOIHBIX CBS3EH M BO3-
pacTaer BKJIaJ JUCIIEPCHOHHBIX CHJI B SHEPIHIO KOTE€3UH U. CIEI0BATEIbHO, IIOBEPXHOCTHYIO
9HEPIUI0 JPEeBECHHbI. MBI IpeAnoiaraeM, 4To TaKoHi IMOAXO0J MO3BOJIUT IpeyIaraTb HOKpbI-
THS VIS IPEBECUHBI, 00CCIICUNBAOIIIE ONTUMAIBHYI0 COBMECTUMOCTD C €€ IOBEPXHOCTBIO.
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VAPOUR SORPTION AS A METHOD FOR EVALUATING THE SURFACE
ENERGY OF THERMALLY TREATED WOOD

J. Chirkova, B. Andersons, 1. Andersone
Latvian State Institute of Wood Chemistry
27 Dzerbenes str., Riga, LV-1006, Latvia

E-mail: cirkel@edi.lv

Wood is a unique building material, which combines permeability, strength and meets the
sanitary requirements. Among the drawbacks of the majority of wood species are low
weather- and bio-resistance, which is the consequence of its enhanced hydrophility. This
problem is solved to a great extent, in particular, by way of the thermal modification of wood
in an inert medium at temperatures of 160-220°C, enhancing its hydrophobisation. However,
as a result of such a treatment, the compatibility of wood with the impregnation solutions and
its adhesion to the traditional protective and decorative coats decrease, which requires their
modification or replacement.

The aim of the work was to evaluate the change in the surface energy of deciduous wood
(birch, aspen and grey alder) as a result of the thermal modification. This estimation was
based on the comparison of water, alcohols and benzene vapours adsorption isotherms. The
interpretation of the obtained results is carried out, using the three-dimensional Hansen solu-
bility parameter. It is shown that, as a result of the thermal treatment of wood at temperatures
of 160°C and higher (depending on the species), the contribution of hydrogen bonds into the
cohesion energy, consequently, the surface energy of wood decreases, and the role of disper-
sion component increases. We assume that such an approach will make it possible to offer
coats for wood, enabling the optimal compatibility with its surface.
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KHCJIOTHO-OCHOBHBIE U AJICOPBLIIMOHHBIE CBOMCTBA CKEJETHOIO
HUKEJIA U KATAJIU3ATOPA, COJAEPKAIIEI'O JOBABKH ITPOMOTOPA

J1.B. ®unmunmos, M.B. Youtun, A.B. Kpasuenko, A.A. Mepkuna*
Hayuno-uccneoosamenvckuii uncmumym Tepmoounamuku u Kunemuku xumuueckux npoyec-
co6 DedepanbHo20 20Cy0apCmeeHH020 DI0OHCEMHO20 0OPA308AMENLHOL0 YUPEHCOEHUSL BbIC-

we2o npogeccuonanvhoeo obpasosanus «Meanosckuii 20cyoapcmeenblil XUMUKO-
MEeXHON02UHeCKUTl YHUBEpCUmem»
* @KII «3a600 umenu A.M. Ceeponosay, . [Jzepacunck, Husxcezopoockas oon.

Pe3ynbTaThl MCCHEIOBaHUN CBHIETEIBCTBYIOT O TOM, YTO aiCOPOLMOHHBIC B3aHMO-
NeHCTBHUSL B MOBEPXHOCTHBIX CIOSIX TETEPOTEHHBIX KAaTAIM3aTOPOB COMPOBOXKIAIOTCS 00pa3o-
BaHHEM XEMCOPOILMOHHBIX COCTOSIHHH aJCOPOHPYIOLIMXCS BEIIECTB WM WHIMBHIYAIbHBIX
(hopM, pa3TUYAIOIIUXCS 110 THITY U SHEPIHH CBSI3H C aKTHBHBIMHU LIEHTPAMH MOBEPXHOCTH

AZICOPOLIMOHHBIE  IIEHTPHI ~ HUKENEBBIX  KATAM3aTOPOB  HMEIOT  Pa3iIHuHYIO
KHUCIIOTHOCTb U OOJIQIal0T pa3IMYHON  aJCOPOIMOHHON CIOCOOHOCTBIO, HMX MOXKHO
paccMaTpuBarh Kak KHCJIOTHBIC MJIM OCHOBHBIC LIEHTPBI TUMA JIbIoMCa, KOTOPBIC CBS3BIBAIOT
WHIMBUIYyaIbHBIE (OPMBI M OTJIMYAIOTCS [0 CIOCOOHOCTH OOMEHA DJJIEKTPOHAMH C
a/IcOpOMPOBAHHBIMH MOJIEKYJIAMH.

Jlnst yCTaHOBJICHHsI BIMSHHS IMPUPOJABI METaJlIa-KaTaln3aropa, B YaCTHOCTH, KHC-
JIOTHO-OCHOBHBIX CBOMCTB aKTHBHBIX LIEHTPOB IIOBEPXHOCTH KaTAJIHM3aTOPa THAPOreHU3AINI
¥ [IPOMOTHPYIOIIMX J00aBOK OBLIO MPOBEIEHO MOTECHIMOMETPUYECKOE THTPOBAHUE CKEJIET-
HOTO HHKEJIS M KaTaJnu3aTopa, COASpIKaIIero J00aBKH TUTaHa U MOJIHO/ICHA.

B pesynbraTe mosydyeHsl KPUBBIE TIOTEHIMOMETPUYECKOTO TUTPOBAHHUS CKEJIETHOTO U
MPOMOTHPOBAHHOTO HUKEJIEBOI'O KaTaln3aTOpoB B aTMocdepe BOJOpPOAa IMpPH TeMIIEpaType
303 K.

KuCI0THO-OCHOBHbBIE  CBOMCTBA TETEPOrE€HHBIX KATAIN3aTOPOB MOTyT  OBITh
oxapakTepu3oBaHbl Ha ocHoBe Meroga pK-crexkrpockonmu [1]. Tlomyuenubie pK-criekTpsl
CBUJICTEILCTBYIOT O TOM, YTO aKTHBHBIE LEHTPHI MOBEPXHOCTH HHUKENICBBIX KATAIM3aTOPOB
00J1aJal0T JAUCKPETHBIMH TApaMeTpaMH KHUCIOTHOCTH. M3menenne pH cpezbl BbBI3BIBAaEeT
CMEILICHHE PaBHOBECHH MPOLECCOB B CTOPOHY OOpa30OBaHHUs MPOYHOCBA3AHHBIX aTOMAPHBIX
dopM B pes3yibTaTe TETEPOJIUTHYESCKOTO paclaga CIa0OCBSI3aHHOTO — MOJICKYISIPHO
aIcOpOUPOBAHHOTO BOIOPO/IA.

JlobaBka IMPOMOTOpPA M3MEHSET COCTOSHUE TOBEPXHOCTHOTO PABHOBECHS WHIMBHUILY-
albHBIX (OpM ajcopOaTa M aaCcopOIMOHHbBIE CBONCTBA KATAIM3aTOpPa, B YaCTHOCTH JOOABKH
MOJIMO/IEHa YBEIMYHNBAIOT OOIEe COJMEPIKAHNE U J0JIF0 MPOYHOCBSI3aHHOIO BOAOPO/A, a J0-
0aBKH THTaHA YBEIMYMBAIOT YHEPreTHICCKYIO HEOJHOPOIHOCTH OBEPXHOCTH.

JINTEPATYPA.
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THE ACID-BASE AND ADSORPTION PROPERTIES OF THE SKELETON NICKEL
AND THE CATALYST WITH THE PROMOTER ADDITIVES

D.V. Filippov, M.V. Ulitin, A.V. Kravchenko, A.A. Merkin
Ivanovo State University of Chemistry And Technology,
153000, Ivanovo, F.Engelsa st.,7, physchem@jisuct.ru

The results of investigations testify that adsorption interactions in surface layers of he-
terogeneous catalysts are accompanied by formation chemisorptions conditions of adsorbed
substances or the individual forms differing by type and energy of communication with the
active centers of a surface.

The adsorption centers of nickel catalysts have different acidity and possess various
adsorption ability. They can be considered as the acid or basic centers of type of Lewis which
connect individual forms and differed by the ability of an electron exchange with the adsorbed
molecules.

For the establishment of metal-catalyst nature influence, in particular, the active cen-
ters acid-base properties of hydrogenation catalyst surface and promoted additives the poten-
tiometric titration of skeletal nickel and the catalyst containing additives of the titan and mo-
lybdenum has been spent.

The skeletal and promoted nickel catalysts potentiometric titration curves in hydrogen
atmosphere are as a result received at temperature 303K.

The heterogeneous catalysts acid-base properties can be characterized on the basis of a
method of pK-spectroscopy [1]. The received pK-spectra have shown that the nickel catalysts
surface active centers possess discrete parameters of acidity. The pH value change causes the
displacement of surface equilibrium towards the formation atomic forms as a result of hetero-
lytic disintegration adsorbed hydrogen molecular individual forms.

The promotor additive changes a condition of individual forms surface equilibrium
and the catalyst adsorption properties. For example, the molybdenum additives increase the
common maintenance and atomic hydrogen share. The titan additives increase heterogeneity
of the catalyst surface.

REFERENCE
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TEPMOJUHAMMHKA AJICOPBIIMH UH/IUBUY AJIBHBIX ®OPM
BOJOPOJIA HA HUKEJIE B UHAUBUY AJIbHBIX
1 BUHAPHBIX PACTBOPUTEJISAX

A.B. bap6os, M.B. lllenenes, M.B. Yiutun
Heanosckuil 2ocydapcmeeHHbll XUMUKO—TNEXHON02UHeCKUL YHUSepcumem
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153000, 2. Hearnoso, np. @. Dueenvca, 7, E-mail: physchem@jisuct.ru

Lenp Hacrosimieid paGoOTBI — OmpeeNeHHe TEPMOAWHAMHMYECKHX XapaKTEPHCTUK
aICOpPOLMOHHBIX ~ COCTOSIHMH ~ BOAOPOAA,  CBSI3aHHBIX  [OBEPXHOCTBIO  HHUKENs B
WH/MBUYalIbHBIX OJHOKOMIIOHCHTHBIX U OMHAPHBIX BOAHO—OPTaHUYECKUX PACTBOPUTENISX, H
BBISICHCHHE POJIM PACTBOPHUTENS B IPOLECCax afcopOILu BOIOPOA.

B pabore ¢ DOMOIIBIO MOJACIM HJACAIBHOIl IOBEPXHOCTH C  JUCKPETHOM
HEOJTHOPOJHOCTBIO OINpPENCNCHBl TEPMOJUHAMUYCCKUE XapaKTEPUCTHKU aJCOPOIMOHHBIX

COCTOSIHMH BOJIOPO/ia, CBSI3aHHBIX IMOBEPXHOCTBIO HHKENs, — MpeaelibHas aiacopoLusi,
a71cOpOIOHHBIE KO (PHUIIUECHTBI, CTAaHaPTHBIC TEIUIOTHI U I3MEHEHHUS SHTPOITUI aacopOIn
— B HHAUBHIAYQIBHBIX  pAacTBOPHUTENSAX  METAHOIE, 3TaHOJIE, 2-mpornaHoue,

quMeTihopMamMuie, OSTWIALETaTe, LUKIOreKcaHe, TeTparuapodypaHe U B BOJIHBIX
pacTBOpax MeTaHoJa, ATaHoa, 2—TIPOIIaHoa U IUMETHII(hOpMaMHIa.

Iloka3aHo, YTO COBOKYIHOCTb JaHHBIX  aJCOPOLMOHHO—KAJIOPHUMETPUYECKOTO
9KCIIEPUMEHTA 110 3aBHCHMOCTSM TEIUIOT aicopOLMH BOAOPOAA OT CTENEHM 3allOJHEHHS
CKEJICTHOTO HHUKEJISl ONHMCHIBACTCS MOJEINBIO JUIS TPEX WHAWBHUIYaIbHBIX (OpM BOJIOpOJA B
OpUOJIIDKEHHMH ~ MHOTOLIGHTPOBOI  ajcopOuuu  atomapHeix  ¢opm.  CpaBHeHue
TEPMOJIMHAMUYECKUX XapaKTEPUCTHK aJCOPOLMOHHBIX COCTOSHHH BOJOPOJA, CBSI3aHHBIX
IIOBEPXHOCTBIO HUKEJIS M HUKEIICBBIX KaTaJIM3aTOPOB B PacTBOPAX, C JAHHBIMH JINTEPATypHI
JUISl Ta30BOil (pa3bl MO3BOJHIO MIACHTU(GUIMPOBATH CICAYIOLIME MHAMBUAYaIbHbBIE (HOPMBI
azcopOMpoBaHHOTO BOAopona: a—popma c temroroi aacopbrmn —(16+39) xJx/Moms, y—
¢dopma ¢ tertoroit ancopoimu —(48+111) xJx/monb, B,—dpopma ¢ Temorol axcopOHu —
(138+161) xJ]x/Momb.

Y CTaHOBIIEHO, YTO KOJIMYECTBEHHOE IepepacipesiesieHie aJcopOupOBaHHOIO BOJIOPOAA
B HCCJICJOBAaHHBIX MHANBUIYaIbHBIX U OMHAPHBIX PACTBOPHUTEIISAX 3aKIFOYACTCS] B N3MCHEHUH
BEJIMYMH TIPEACIBHON aJcopOLu ¥ aACOPOLHOHHBIX KOIP(HUUHEHTOB 0—, Y— u P—popm
BOJIOpOJA.
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THERMODYNAMICS OF INDIVIDUAL FORMS HYDROGEN ADSORPTION ON
NICKEL IN INDIVIDUAL AND BINARY SOLVENTS

A.V. Barbov, M.V. Shepelev, M.V. Ulitin
Ivanovo State University of Chemistry and Technology SRI of thermodynamics and kinetics of
chemical processes, E-mail: physchem@jisuct.ru

The purpose of this study is to determine the thermodynamic characteristics of the hy-
drogen adsorption states, connected by a nickel surface in individual single-component and
binary aqueous-organic solvents, and to identify the solvent role in the hydrogen adsorption
processes.

Data about the quantity of the adsorbed hydrogen, sizes of adsorption at various pres-
sures of hydrogen, heats of adsorption depending on coverage in various solvents at 303 K,
received by an adsorption-calorimetric method, as well as literature data, allowed us to calcu-
late thermodynamic characteristics of the individual hydrogen forms. These thermodynamic
characteristics are as follows, limiting adsorption, adsorptive factors, standard heats and en-
tropy changes of the adsorptions. Calculations were made for the catalytic systems, consisting
of the skeletal nickel catalyst and solvents, such as methanol, ethanol, 2-propanol, dimethyl-
formamide, ethylacetate, cyclohexane, tetrahydrofuran and aqueous solutions of methanol,
ethanol, 2-propanol and dimethylformamide.

The adsorption-calorimetric experiments data about heats of hydrogen adsorption de-
pending on coverage of skeletal nickel are shown to described by the model of a surface with
discrete heterogeneity for the three individual hydrogen forms in the approximation of a mul-
ticenter atomic forms adsorption. Comparison of thermodynamic characteristics of hydrogen
adsorption states, connected by a nickel surface in solution, with the literature data for the gas
phase allowed us to identify these individual forms of adsorbed hydrogen — one molecular a —
form and two atomic y— and P,—forms, the bond energies with the surface being 16+39,
48+111 and 138+161 kJ/mol, respectively.

The quantitative redistribution of adsorbed hydrogen in the investigated individual and
binary solvents is established to be a change of the value of the limiting adsorption and ad-
sorptive factors of @ —, y— and B,—forms of hydrogen.
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AJCOPBIIMOHHBIE CBOMCTBA YJIbTPA®UIbTPAIIMOHHBIX MEMBPAH

M.T. Ilo3neesa, T.O. PsbyxoBa, H.A. OxumeBa, B.M. Cenenkun
Oneenvcckuti mexnonocudeckuti uncmumym (punuan) Capamoscko2o 20Cy0apcmeeHHoo
MeXHU1ecKo20 yHusepcumema
413100, Capamosckas 00x., 2. Dneenvc, na. C60600wi, 17
pozdeevamg@mail.ru

AKTyﬁ.HI)HI)IM BOIIPOCOM B T€YCHHE HECKOJIbKUX JIET U Ha CCFOHHﬂHlHPIﬁ JAC€Hb OCTAC€TCs MpO-
61emMa nepepabOTKH BTOPUYHOTO MOJIOUHOTO ChIpbst (BMC), ¢ Leibto BbIAENCHHS LEHHBIX IUILIEBBIX
KOMITOHCHTOB HMCIIOJIB3YEMBIX B PA3JIMYHBIX OTPACIIAX HHLLICBOﬁ TIPOMBIIIJICHHOCTH IS TPOU3BOACTBA
060rameHHLIX GenKaMu TNPOAYKTOB MUTAHUS.

Hawubouee NEPCIICKTUBHBIMU SABJISIOTCS MeM6paHHLI€ METO/1bI nepepa60TK14 ", B 4aCTHOCTH,
npouece yiabTpadHuIbTPALMK KOTOPbIH MMEET HU3KHE YHEPreTHYECKUE 3aTPaThbl, a TAKXKE MO3BOJSIET
usBnekats 13 BMC o 100% 6Genka. Kpome Toro, npu ynsTpaduabTpaiu MaKCUMAIIBHO COXPaHSIOT-
Csl HATUBHBIE CBOMCTBA OEJIKOB.

PaspaboTanbl ynbTpaduiIbTpaliMOHHbIE MEMOpaHbl HAa OCHOBE AMAleTaTa ILIEJUIIOJIO3bI
(JALI) B anerone ¢ no6askamu NaHCOj; B kommmaectse 0,1+9,0 % ot maccsr JIALL (mopo6pa-
3YIOLIMIT HAMTOJHUTENb) U APMUPYIOIIEH TOUIOKKHY (IJIs MOBBIILICHHS TPOYHOCTHBIX XapaKTe-
puctik) (YAM-K), obecnieunBaromiue BoiaeneHne u3 BMC Genka. Perentypa memOpaH 3a-
mumieHa narearom|1].

HccenenoBanbel peosiorHYecKue CBOMCTBAa pPAacTBOPOB [UISL W3TOTOBJICHUS MeMOpaH,
IPOYHOCTHBIE, CTPYKTYPHBIE, SKCIUTyaTallMOHHbIE XapAKTEPUCTUKH MeMOpaH. A Takxke aj-
COpOIIMOHHBIC XapaKTEPUCTUKH, T.K. TPOIECC YJIbTpa(rIbTpalii HAIPSMYIO CBSA3aH C al-
copbrueit komnoneHToB BMC moBepXHOCTBIO MEMOPAHBI.

U3yueHa aacopOLyss MOJICIBHBIX PACTBOPOB aMHHOKHCIIOT (BXOJSIIMX B COCTaB BCEX
MOJIOYHBIX IPOIYKTOB): U30JIEHIINHA, TPEOHNHA, (PeHIIAITaHNHA, METHOHNHA, JIM3HUHA, BaJli-
Ha Ha YAM-K mem6Opanax npu 293 K.

ITo nzoTepMam HM30BITOYHON aJCOPOIMU PACCYUTAIM KOHICHTPAIMOHHBIE 3aBHCHUMO-
CTH XUMHYECKOTO TIOTEHIMaIa copOeHTa 1 cBOOoAHOM 3Heprun ['mboca.

YcTaHOBIIEHO, YTO NP pa3zeieHnn OeIKOBO-YIIIeBOJHOTO Chipbs Ha BAIl MmemOpanax
3HAYUTEJIBHYIO POJIb UIPAIOT aJCOPOIMOHHBIC POLIECCHL, T. €. YIbTpaduIbTpaliOHHAsS MEM-
OpaHa MOKeT paboTaTh HE TOJIBKO 10 MEXaHU3MY MPOJIMBAHUS M 3aKYIOPHBAHUSL.

JIMTEPATYPA
1.M1ar.2166856 P®, C.2 7A 23 C 9/1422, A 01 J 11/00.Auerariesniroio3Has yibTpa-
¢dunpTpaunonHas mem6Opana/ Cenenkun B.M.; 3asButens u nareHtooOmanarens TexHOo-
rud.uH-T CT'TY. - Ne 98113333/13; 3a181.14.07.1998; ony6:. 20.05.01. Bron.Ne 14.-4 c.

268



ADSORPTION PROPERTIES OF ULTRAFILTRATION MEMBRANES

M.G. Pozdeeva, T.O. Ryabuhova, N.A. Okisheva, V.M. Sedelkin
Engels Technological Institute (branch) Saratov State Technical University
413100, Saratov region, Engels, pl.Svoboda 17
pozdeevamg@mail.ru

The problem of processing secondary dairy raw materials (SDRM) for the purpose of

extracting valuable dietary components used in different branches of food industry for pro-
ducing protein enriched foodstuffs remains an actual issue for several years.
The membrane recycling processes, the ultrafiltration process in particular, characterized by
low energy consumption and making possible to extract up to 100% of protein from SDRM,
seem to be the most promising ones. Besides, ultrafiltration ensures maximal retention of pro-
tein native properties.

We have developed the ultrafiltration membranes, based on cellulose diacetate (CDA)
in acetone with addition of NaHCO3 in an amount of 0.12 + 9.0% of CDA (pores-forming
filler) and reinforcing substrate ( for improving strength characteristics) (UAM-C), ensuring
extraction of protein from SDRM. The membrane formulation is coved by the Patent (1).
Reologic properties of solutions for making membranes as well as strength, structural and
maintenance characteristics of the membranes have been studied. Sorption characteristics
were also examined, as far as the ultrafiltration process is directly connected with SDRM
components sorption by the membrane surface.

Sorption of amino acids model solutions ( ingressing in all diary products) : isoleucine,
threonine, phenylalanine, methionine, lysine and valine on UAM-C membranes at 293 K has
been investigated.

Dependence of the sorbent chemical potential and Gibbs free energy on concentration
was calculated basing on excess adsorption isotherms. It was established, that during separa-
tion of protein-carbohydrate material on the SDRM membranes an important role belongs to
sorptional processes, i.c. the ultrafiltration membrane can operate not only by the mechanism
of passing through and blockage.

REFERENCE
1. Patent 2166856 RF, C.2 7A 23 C9 / 1422, A 01 J 11/00. Acetatecellulose filtration
membrane / Sedelkin V.M, applicant and Patent holder : technolog.inst SSTU.-
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OBPATUMOCTH AJICOPBIAA CYJIb®UI-UOHOB [TPU KOHTPOJIMPYEMOM
JE3AKTHBALIUU CKEJIETHOI'O HUKEJIEBOI'O KATAJIM3ATOPA

10.A. Bnosun, JI.A. I[Ipozopos, M.B. Jlykun, M.B. Yautun
Hayuno-uccnedosamenvckuii uncmumym Tepmoounamuxu u Kunemuku xumuueckux npoyec-
cos DedepanbHo2o 20Cy0apCmeenHo2o O100HCemHo20 00paA306amMenbLHO20 YUPeHcOeHUs GbiC-

we2o npogeccuonanvrozo 06pazosanus «HMeanosckuii 20Cy0apcmeeH bl XUMUKO-
mexHonozudeckull yHusepcumemy, physchem@isuct.ru

Jnist mogbopa oNTUMANBHBIX YCIOBUIT MPOBEICHHS PEaKIUii )KUIKO(a3HON THIPOTeHH-
3allMy aBTOpaMH ObUIa 00OCHOBaHA HEOOXOJMMOCThH LEJICHANPABICHHOTO HM3MEHEHUs aj-
COpOLMOHHBIE CBOWCTBA TIOBEPXHOCTH METAJUIMYECKHUX KAaTaJM3aTOPOB MO OTHOLICHHIO K BO-
nopoay. OueBuHO, 4TO caMbIM d(P(PEKTUBHBIM METOZOM BapbUPOBAHUsI KOHIIEHTpALMIT KaTa-
JIUITHYECKH aKTHBHBIX IIEHTPOB IMOBEPXHOCTH MOYKHO CUHTATh MX CEJICKTHBHOE OTpaBICHHE
KaTalnuTH4eckuMu sitamMu. COrilacHO NPeaoKeHHOMY METOy Ha OCHOBAHMU KOMILIEKCA KH-
HETHYECKHX H aACOPOLMOHHO-KaJOPUMETPUUECKUX METOMOB CTAHOBHUTCS BO3MOXKHBIM OIIpe-
JIeJICHHEe PEaKIMOHHOW CIIOCOOHOCTH BOAOPO/A, aICOPOMPOBAHHOIO MTOBEPXHOCTHIO HHUKEIS.
ITpy MOOOGHOM HCHOJIB30BAHUM KATAJIUTHYECKUX SIJIOB JOJDKHBI COOJIIONATBCS CIEAYIOIIUe
YCJIOBHS: KaTAIUTUYCCKHI /1 HE IOJDKCH MCHSAThH COCTaB KaTajan3aTopa, MEHss TOJIbKO YHCIIO
U KOHIICHTpPAIMU aKTUBHBIX LIEHTPOB Ha €r0 MOBEPXHOCTH, U JEHCTBHE PaCTBOPUTEIS; KaTa-
JIUTHYECKUH S OJDKEH HeoOpaTHMO B3aUMOJICHCTBOBATH C AKTUBHBIMM LIEHTPAMH, YTOOBI
JlaBaTh BO3MOXKHOCTH OJHO3HAYHO XapaKTCPU30BATh NOBEPXHOCTHBIC KOHIICHTPALMH HHIIU-
BUJIyalIbHBIX ()OPM aICOPOMPOBAHHOTO BOJOPOIA.

B kauecTBe Ne3aKTHBUPYIOLIETO areHTa ObUI BBIOpaH CyNb(H] HATPHs, KaK OJWH U3
CaMBbIX PacIpOCTPAHEHHBIX M XOPOIIO H3YYEHHBIX KATATUTHICCKHX SI/I0B.

Iens HacTosIIEil pabOTHI — MCCIIEOBATH BO3MOXHOCTH O0PATUMO#l aCOPOLUH CyITb-
(DUI-MOHOB MOBEPXHOCTBIO CKEJIETHOTO HHUKEJICBOTO KaTaJU3aTopa B YCIOBHSAX MPOBEICHUS
peakiuii xuaKodazHON rHAPOreHN3alUH.

DKCIEpUMEHT NPOBOAMIM B BOJIHBIX PAcTBOpPAax THMIPOKCHIA HATPUS Pa3IMYHON KOH-
LIEHTPAL{{, METOJMKA IPOBEICHUS IKCIEPUMEHTA U IPOLecca Ae3aKTUBALUK KaTalu3aTopa
onucana B [1]. BoccraHoBieHne YacTHYHO Je3aKTHBHPOBAHHOIO KATAIU3aTOpa MPOBOAUIH
npu Temneparype 338K B arMocdepe Bogopona M YCIOBHSX aHAJOTMYHBIX HCCIIETYEMbIM
nporieccam KuAKOMa3Hoil rHAPOreHn3aiy. KOHIEHTpaIiio HOHOB S* B pacTBope ompeie-
JISUTA TIPSMBIM TIOTSHIIHOMETPUYECKUM METOIOM.

UonyquHble OKCIICPUMCHTAJIBHBIC JaHHBIC ITO3BOJIAIOT YTBEPXKAATh, YTO OGpaTVIMOCTb
Hpolecca JJe3aKTHBALUN CIIOKHBIM 00pa3oM 3aBHCENa OT CTEHCHH Je3aKTHBAIlMU U KOHICH-
TpalUl pacTBOPOB THApPOKcuaa Hatpus. [lpu koHueHtpaimsx cynsdpuma menee 0,075
MMoib(Na,S)/r. Kar. agcopOuus Cynb(pua-MOHOB NpoTekaeT oopaTumo. JlanbHeliee yBenu-
YeHHEe KOHICHTPAIMM TPABSILErO arcHTa MpH JIOObIX KOHIEHTPAUMSIX T'MAPOKCHAA HATPHS
JieTIaeT TMpoLece aacopOouuu HeoOpaTUMbIM. Pe3ynbTaThl pacyeToB MOKa3ajiu, YTO KAaTaJIUTH-
YecKasi aKTUBHOCTb CKEJIETHOTO HHKEJS MOJIHOCTBIO HCYE3aeT B Cllydae GJIOKUPOBKH aTOMOM
cepbl 0T 7 110 9 TOBEPXHOCTHBIX aTOMOB HHUKENS M COOJIOJICHHN Ha TTOBEPXHOCTH TpaHEeIeH-
TPUPOBAHHOW KyOudeckoi perieTku. [1o Bcell BUAMMOCTH, OCTaBIIHECS CBOOOAHBIMH aTOMBI
HHKEJIs, TU0O0 UCIIBITHIBAIOT 3HAYUTENbHbBIC CTEPHUYCCKHE 3aTPYAHCHUS AJIsl y4acTusl B Kara-
JIMTHYECKOM HpoIiecce, JTU00 BOOOIIe He SBISIOTCS KaTATUTHISCKH aKTHBHBIMU.
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THE REVERSIBILITY OF ADSORPTION OF SULFIDE IONS AT A CONTROLLED
DEACTIVATION OF SKELETAL NICKEL CATALYST

Yu.A. Vdovin, D.A. Prozorov, M.V. Lukin, M.V. Ulitin
Research Institute of Thermodynamics and Kinetics of chemical processes of the Federal
State Institution of higher vocational education "Ivanovo State University of Chemistry and
Technology", E-mail: physchem@jisuct.ru

For the selection of optimal conditions for reactions of liquid-phase hydrogenation of
the authors have substantiated the necessity of purposeful changes of adsorption properties of
the surface of metal catalysts with respect to hydrogen. Obviously, the most effective method
of varying the concentration of catalytically active centers of the surface can be regarded as
selective catalytic poisoning toxins. According to proposed method based on kinetic and ad-
sorption-calorimetric methods the determination of the reactivity of hydrogen adsorbed on
nickel’s surface becomes possible. When catalytic poisons are used in such way the following
conditions must be done: the catalytic poison should not change the composition of the cata-
lyst, changing only the number and concentration of active sites on its surface, and the effect
of the solvent; the catalyst poison must irreversibly interact with the active centers to enable
clear characterize the surface concentrations of individual forms of adsorbed hydrogen.

The sodium sulfide was used as a deactivate agent because of it’s prevalence and scru-
tiny.

The purpose of this work is to explore the possibility of reversible adsorption of sul-
fate ions on surface of skeletal nickel catalyst in the reactions of liquid-phase hydrogenation.

The experiment was conducted in aqueous solution of sodium hydroxide of varying
concentrations of the, methods of the experiment and the process of deactivation of the cata-
lyst is described in [1]. Rehabilitation of partly deactivated catalyst was carried out at a tem-
perature of 338K in a hydrogen atmosphere and conditions similar to the studied processes of
liquid-phase hydrogenation. The concentration of S* ions was determined by potentiometric
method.

On the basis of the experimental data one can conclude that the reversibility of the
process of decontamination inextricably depended on the degree of decontamination and con-
centration of sodium hydroxide solutions. When concentrations of sulfide less than 0.075
mmol (Na,S) / g. cat. the adsorption of sulfide ions proceeds reversibly. A further increase in
the concentration of etching agent in all concentrations of sodium hydroxide makes the
process irreversible adsorption. The calculations showed that the catalytic activity of Raney
nickel disappears completely in the case of blocking a sulfur atom between 7 and 9 of the sur-
face nickel atoms on the surface and subject to a face-centered cubic lattice. Apparently, the
remaining free nickel atoms, or experience significant steric hindrance to participate in the
catalytic process, if any are not catalytically active.
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JPOBHAS COPBLUSA KPACAIIUX BEIHECTB HA BOJIOKHUCTOM
AHHUOHUTE ®UBAH A-6

H.H. Kpusenko®, }0.H. Copoknuna °, A. M. Curaukos ®, U.JI. Kystewos *
*Boponedicckas 20Cy0apcmeenias mexHoI02UecKas akademus
394036, 2. Boponesic, Ilpocnexm pesontoyuu, 19, e-mail: krivenko _nadin@mail.ru
6Boponeo;cc;<u12 uncmumym I'ocyoapcmeenHot npomueonoxicaprou cyxicovl
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Jlnst caxapHOH NPOMBIIUICHHOCTH aKTyaJbHOH OCTaeTcsi mpobiemMa M3BICYEHHs Kpacs-
IIMX BEIIECTB, B YACTHOCTH IMPOJAYKTOB ILIEIOYHOTO PAa3IOKEHMS PEAyLHPYIOIIHX BEIIECTB
(ITLIPPB), 13 noiynpoayKToB MPOU3BOICTBA.

Panee npoBe/ieHHbIC HCCIIEIOBAHMS TTOATBEPIMIN d(P(HEKTHBHOCTh PHUMEHEHHS BOJIOK-
Huctoro annonutra ®uban A-6 mis copbunonnoro yaanenus [IIIPPB u3 BomHbIX U BOIHO-
caxapHBIX PaCTBOPOB IPH OJIHOKPATHOM €ro BBesieHuH [1].

B nacrosmeit pabote m3ydena copouus [11IPPB n3 BogHBIX pacTBOpoB IpH ApoOHOM
BBezieHnn copbenra. st atoro B Boausiid pactsop ITII[PPB npo6HO BBOAMIIN HABECKH aHHO-
HUTa, COOJII0/Iasi IPU ITOM COOTHOILCHHE 00beMa pacTBopa k Macce copoenra 250 : 1. IIpo-
JIOJDKUATENBHOCTh COPOLIMU COCTaBiIsIa 15 MHH, MOCKONBKY 9KCIIEPHMEHTAIBHO OIpPEIeIeHO,
YTO B TEYEHUE ITOTO BPEMEHU B CUCTEME yCTaHABIMBAeTCsl paBHOBecue. DY HEeKTuBHOCTD U3-
BJICYCHUS KPACSIIUX BEIIECTB OL[CHUBAJIHM MO U3MEHEHHIO ONTHYECKOW IIIOTHOCTH PacTBOpa,
“3MepsieMoil pH JTiHE BOTHBI 540 HM B KIOBETE C TONIINHOMN cios 3 mM. OnTHdeckast mioT-
HOCTh MCXOJHOTO pacTtBopa coctaBuna 0,875 en. ont. m. J{is cpaBHeHHs oueHEeH 3G deKT
ynanenus ITIIIPPB ogHOKpaTHBIM BBEJCHHEM CyMMAapHOW MacChl aHUOHUTA B aHAJOTMYHBIN
00beM pacTBopa. Pe3ysbTaThl Hccine0BaHus IPHBE/ICHBI B TA0I.

Tabauna

Macca copbeHTa, T ‘ OGbeM pacteopa ITIIPPB, cM’ ‘OHTI/IHCCKaﬂ IUIOTHOCT, €. ONT. L.

JpoOGnas copOuust

0,20 50 0,54

0,16 40 0,36

0,12 30 0,25

0,08 20 0,16

0,04 10 0,11
OnHOKpaTHasi copoLust

0,60 [ 50 [ 0,21

W13 tabn. cnenyer, 4To 3¢ eKTHBHOCTH COPOLMHK IIPU APOOHOM BBEICHHU AaHWOHHTA BbI-
IIe, 4eM MpH OJHOKPATHOM. Tak, HAmpHMep, MPaKTHICCKH OJMHAKOBAS CTETCHb M3BICUCHHS
JIOCTUTAETCst TIpH OiHOKpaTHOM fobasnennn 0,60 r copOeHTa U nmpu APOOHOM BBEICHUH CyM-
MapHoii Macchl anuoHuta 0,48 r. TakuM 0OpasoM, noOaBiIeHNE K paboYeMy PacTBOPY CBEKHX
nop1rit COpOeHTa, MO3BOJISIET HHTCHCU(UIMPOBATD [IPOLIECC M COKPATUTH PACXO]] AHHOHHUTA.
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The problem of removal of colours, in particular the products of alkaline decomposition
of the reducing substances (PADRS), remains relevant for the sugar industry.

Earlier studies confirmed the efficacy of a single application of fibrous anion exchanger
FIBAN A-6 for the sorption removal of PADRS from water and water-sugar solutions [1].

We studied the sorption of PADRS from aqueous solutions at a fractional addition of
the sorbent. Samples of anion exchanger fractionally injected into an aqueous solution of
PADRS, keeping the ratio of solution's volume to the mass of sorbent 250:1. Sorption by
lasted for 15 minutes, because experimentally determined, that during this time in the system
equilibrium is established. Removal efficiency of colours was evaluated by change of the opt-
ical density of the solution, which was measured at 540 nm in a cuvette with layer thickness
of 3 mm. The optical density of the initial solution was 0.875. Removal efficiency of PADRS
through adding the total mass of the anion exchanger once in the same volume of solution was
evaluated for comparison. Results of the study are presented in Table.

Table
Mass of sorbent, g | Volume of solution of PADRS, cm’ Optical density
Fractional sorption
0,20 50 0,54
0,16 40 0,36
0,12 30 0,25
0,08 20 0,16
0,04 10 0,11
Single sorption
0,60 | 50 | 0,21

The table shows that the efficiency of sorption with fractional introduction of anion ex-
changer's samples is higher than in the case of once use total mass of sorbent. For example,
almost the same degree of purification can be achieved by single addition 0.6 g of sorbent and
by fractional introduction of total mass of the anion exchanger 0.48 g. Thus, the adding in
working solution of fresh portions of the sorbent contributes intensifying the process and re-
ducing the consumption of anion exchanger.

REFERENCES
1. Krivenko N. Application of anion exchanger FIBAN A-6 and activated carbon to
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CPABHEHHE AJICOPBIIMOHHBIX CBOMCTB y-Al,O; 1 HUKEJEBBIX KOMIIO3UTOB
HA EI'O OCHOBE

C.H. Jlanun, A.A. bannsix, A.E. Bunorpagos, H.B. Kopanesa, FO.U. Pycusax
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E-mail: bannikh.msu@mail.ru

3a mpoleniee JeCATHICTHE CYIECTBCHHO BO3POC HHTEPEC K U3YUECHHIO HaHOpa3Mep-
HBIX YaCTHIl METAJUIOB. DTO CBSI3aHO C TE€M, YTO OTKPBUINCH HOBBIE NMEPCIICKTUBHBIE BO3MOXK-
HOCTH CHUHTE3a U UCIIOJIb30BaHNU HAHOMATECPUAJIOB BO MHOI'UX O6J'laCT$lX HAayKH U TEXHUKH, B
YaCTHOCTH JUIA HOJTy4eHHs 3P ()EKTHBHBIX M H30UPATENIHBIX KaTaIH3aTOPOB.

HanowacTuup! HUKeIs,, HAaHECEHHBIE HA PA3IMYHbIC HOCUTENH, IPOSBISIOT KaTaIUTHYe-
CKYIO aKTHBHOCTb B TAKHX PEAKLUHUIX KaK MMAPOIEXJIOPHPOBAHUE XJIOPCOACPIKAIMX OPraHHU-
YeCKUX COCJUHEHUH, CEIeKTUBHOE TUIPHPOBAHNE HENPEIEIBHBIX apOMATHUCCKHX COCIUHE-
uuid. Qs ynydmenust 3G (heKTHBHOCTH KaTalU3aTOPOB HEOOXOJUMBI CBECHHS O MEXaHU3ME
peakuuii, a, cieqoBaTeNIbHO, 00 aIcOpOIMH pearcHTOB M MPOAYKTOB PEaKIMil, Tak Kak aj-
copOuust ABISIETCS HAYaJIbHOM CTauell B TeTEPOreHHOM KaTaju3e.

Lenpro panHO# paboTHl OBUIO HCCIEIOBaHHE METOJOM AWHAMHUYECKOH cOpOuMH aj-
COpOIIMOHHBIX CBOMCTB KaTanuzaTopos cocraBa Ni(x)/AlLOs, tae x =0, 6, 12, 18 macc. %. B
Ka4ecTBE TECTOBHIX aJCOPOATOB HCIIONB30BAH XJIOPOSH30MI H OPTO-TUXIOpOeH30m. s mc-
ciepoBanus nmoBepxHoctd y-Al,O3 u komno3utoB Ni/y-Al,O3 npumensitu #-ankaubl (Ce-Cs),
6eH3011, XI0pohOPM U TMITUIOBEIN 3¢up. I3MepeHns HapaMeTpoB YACPKUBAHUS IIPOBOAH-
11 Ha razoBoM xpomarorpade «Kpucrammokc-4000M» ¢ 1eTEKTOPOM 110 TEIUIONPOBOAHOCTH.

Ha ocHOBaHHMH 9KCHIEPUMEHTAIBHBIX JaHHBIX (yAENbHBIC yAepikuBaeMble 00beMbl (V')
o Merony ['mokayda paccuMTai H30TEpMbI afcOpOLMU NPH Pa3IUYHBIX TeMIIepaTypax (B
unrepsaie 100-150 °C) u n3ocrepudeckue TEIUIOTH aJCOPOLUH TIPH Pa3INYHBIX 3aI0JIHEHH-
SIX TIOBEPXHOCTH. Bce M30TepMbl M30THYTHI K OCH aCOPOLIMHU, YTO TOBOPUT O OoJiee CHIBHOM
B3auMOJCHCTBUM ajicopOar - agcopOeHT, yeM ajxcopbar - agcopbar. DTo XapaKTepu3yeT Hc-
xonubiid Y-AlO3 1 komnosutsl Ni(12%)/Al,03, Ni(18%)/A1,03 kak cnenuduueckue copoeH-
Te1. U3 u30Tepm ancopbumnn H-rexcana mpu 100 °C no ypasaenuto BOT paccuntanu yaensb-
HBIC TIOBEPXHOCTH S, M/r. VI3 M30TepM ajcopOIiy GEH3oma 10 ypaBHEHWIO JlyOHHWHA-
PanymkeBrya OLEHIIN MTapaMeTpbl MHKPOIIOPHCTON CTPYKTYphI. Paiiyc MUKpoOIop paccuu-
TaH M3 XapaKTepUCTHYeCKOH sHepruu ancopbuuu (E°) mo ypasmenmo r=E%/12. 3nauchus
H30CTEPUUYECKHUX TEIUIOT aJcopOruu Ha ucxoaHoM Y-AlOs npu 3anonHeHnun a=50 MKMOJIb/T
paBHBL: JUIA H-TeKcaHa - 35, ms 6ensona — 40, xmopodopma — 39, nustHoBOro dupa — 47,
xnopbensona — 58 k/x/monsb. [t kommnosura Ni(12%)/Al,03 npu ToM *ke 3aloJHEHUH 3Ha-
YEeHUs TEIJIOT PaBHBIL: IS H-TeKcaHa - 37, mist 6ensoina — 49, xiopodopma — 48, TU3THIIOBOTO
adupa — 33, xnopbenszona — 53 xJx/monb. s copberra Ni(18%)/Al,0; 3HageHus uzocte-
pHYeCcKHX TeruIoT mpu a=50 MKMOJIB/T COCTaBHJIM: JUIs H-rekcaHa - 49, mns G6eH3ona — 55,
xisopopopma — 55, auatHiosoro >¢upa — 49, xaopdenszona — 66 kx/Monb. YCTaHOBIIEHO,
YTO MOBEPXHOCTh UCXOAHOro Y-Al,O3 00MazaeT NPEeUMyIIECTBEHHO JIEKTPOHOAKICHTOPHBI-
MH CBOIMCTBaMH, a NOBEPXHOCTb HAHOKJIACTEPOB HMKEJS JIEKTPOHOJOHOPHBIMHU. C yBepeH-
HOCTBIO MOXKHO YTBEPXKJIATb, YTO aJcOpOLMs BCEX TECTOBBIX acOpPOATOB, a TaK XK€ XIOpOeH-
30oma, umeer ¢us3nueckuit xapakrep. W3 mudpakrorpamm komnosutoB Ni(12%)/Al0s u
Ni(18%)/Al,03 no merony [lebas-1llepepa (nporpamma FullProf) onpenenunu pazmep HaHo-
YACTHUI] HUKEJIS Ha NOBepXHOCTH Y-Al,O3. OH coctaBmit 12 u 15 HM COOTBETCTBEHHO.

Paboma evinonnena npu ¢unancosoii noodepoicke epanmoe POOU 10-03-00999 u 11-
03-01011.
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During the previous decade interest to study nanosized metal particles increased signifi-
cantly. This is due to the opening of new perspective opportunities of synthesis and use of na-
nomaterials in many fields of science and technics, particularly to obtain effective and selec-
tive catalysts.

Nickel nanoparticles deposited on different carriers show catalytic activity in such reac-
tions as hydrodechlorination of chlorine-containing organic compounds, selective hydrogena-
tion of unsaturated aromatic compounds.

To improve the effectiveness of the catalysts data on the reactions mechanism is neces-
sary, and consequently, the data on reagents and reaction products adsorption as adsorption is
the initial stage of heterogenous catalysis.

The aim of the work was to study the adsorption properties of catalysts Ni(x)/ALOs,
where x = 0, 6, 12, 18 mass. % by dynamic sorption method. Chlorobenzene and ortho-
dichlorobenzene were used as test adsorbates. To study the surface of y-Al,O3 and of compo-
sites Ni/y-Al,O;3 n-alkanes (Co-Cs), benzene, chloroform and diethyl ether, were used. Peak
retention parameters were measured by gas chomatograph «CrystallLux-4000M» with ther-
mal conductivity detector.

On the basis of experimental data (specific retention volumes (V,’) isotherms of adsorp-
tion under different temperatures (in the range 100-150 °C) and isosteric heats of absorption
under different coverage of the surface were calculated by Glukauf method. All isotherms are
angled to adsorption axis, that points to more strong interaction adsorbate - adsorbent, than
adsorbate - adsorbate. It characterizes the initial y-Al,O3 and composites Ni(12%)/Al,03,
Ni(18%)/Al,0s3 as specific sorbents.

On the basis of isotherms of adsorption of n-hexane under 100 °C specific surfaces s,
m?%/g were calculated by BET equation. On the basis of isotherms of adsorption of benzene the
parameters of microporous structure were evaluated by Dubinin-Radushkevich equation. Mi-
cropore radius was calculated on the basis of characteristic energy of adsorption (E”) by
=E%/12 equation.

The values of isosteric heats of adsorption on the initial y-Al,O; under coverage a=50
umol/g are: for n-hexane - 35, for benzene — 40, for chloroform — 39, for diethyl ether — 47,
for chlorobenzene — 58 kJ/mol. For the composite Ni(12%)/Al,03 under the same coverage
the heats values are: for n-hexane - 37, for benzene — 49, for chloroform — 48, for diethyl ether
— 33, for chlorobenzene — 53 kJ/mol. For the sorbent Ni(18%)/Al,0s the values of isosteric
heats under a=50 pmol/g are: for n-hexane - 49, for benzene — 55, for chloroform — 55, for
diethyl ether— 49, for chlorobenzene — 66 kJ/mol. It was found that the surface of the initial y-
Al,O;5 has mainly electron-accepting properties, and the surface of nickel nanoclusters has
electron-donor properties. It is safe to say that adsorption of all test adsorbates as well as ad-
sorption of chlorobenzene has physical character.

On the basis of diffractograms of composited Ni(12%)/Al,03 and Ni(18%)/A1,05 the
size of nickel nanoparticles on the surface of y-Al,O3; was determined by Debay-Sherer me-
thod (FullProf software). The value was 12 and 15 nm correspondingly.

The work was fulfilled with financial support from grants PO®H 10-03-00999 and 11-
03-01011.
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AJICOPIIMOHHBIE CBOMCTBA Cu(l)-, Cu(Il)- 1 Ni(II)-COJAEPKA X
KOMIIO3UTOB

C.H Jlanun, T.J]. Xoxnosa, E.B.Bnacenko, A.E. Bunorpaznos, K.C.Jlanuna
Mockosckuii eocyoapcmeennuiii ynugepcumem umenu M.B. Jlomonocosa, Jlenunckue 2opoi,
0.1/cmp.3, Xumuueckuii ghaxynomem MI'Y, 119992, Mocksa
SNLanin@phys.chem.msu.ru

PaGora rmocCBslleHAa CO3JAQHUIO M HW3YYCHHIO aJCOPOLMOHHBIX CBOMCTB 71—
KOMILIEKCOOOPa3yOuX aAcOpOCHTOB JUIsi CENEKTHBHOM aicOpOIMU HelpeleIbHbIX YIIIeBO-
JIOPOJIOB.

Cunresuposansl Cu(l)- u Cu(Il)-komnosutsr Ha ocHoBe ammuakatoB CuCl u CuCly,
MMMOGH/IN30BAHHBIX Ha crtoxpome CX (24 M%/T) M MeToxoM 0GpAIICHHO Ia30BOH XpoMa-
Torpauu Hcciea0BaHa afcopOLMs Ha HUX psla YIiIeBoAoponoB. PasHOCTb TEIIOT ancopo-
LMY H-aJIKCHOB U H-AJIKAHOB, XapaKTEePU3YIOIas BKJIAJ SHEPTHU CeUH(PUUSCKUX B3aUMOICH-
cTBUN AQcpey T-CBS3EH MOJIEKYJ H-AJIKEHOB C aKTMBHBIMH LIEHTPAMH Ha MOBEPXHOCTU COpP-
OEHTOB B OOLIYIO SHEPTHUIO afcopOuun Q H-aJIKEHOB, YMEHBIIACTCS ¢ YMEHbLICHUEM KOJIHYe-
crBa Cu(l) B cinenyromem psiay obpasuos: 3%Cu(l)/CX > 1%Cu(l)/CX > CX. 3nauenus
AQcrer (Q-Qsemsona) Ha ucxomHom CX s stunbenszona (Ph-CH,-CHj3), crupona (Ph-
CH=CH;) n ¢enmnauernnena (Ph-C=CH) cocrasmsror 12 — 14 x/x/mons; a Ha Cu(l)-
KOMIIO3HTax pe3Ko Bo3pactaiot 10 21, 29 u 46 x/lx/moib, cooTBeTcTBeHHO. BKitaa B afgcop6-
0 AQcpey Ph-CH=CH,; Ha ucxognom CX u Cu(I)-komIio3urax HaMHOTO MEHBIIIE TAKOBOTO
st Ph-C=CH. Ha6mozmaercst B3aMMOCBsI3b CEJIEKTUBHOCTH M TEIUIOT aJCOPOLMH HA MEIbCO-
JiepKaluX KOMIO3UTaX CO CTPYKTYpoil yrieBomoponoB. COOTBETCTBEHHO CEJIEKTHBHOCTH
ancopouun a (Ph-C=CH/C¢Hg) na moepxnoctn Cu(l)/CX mocturaer BemuuuHbl 25, 1o
cpaBHeHUIO ¢ cenekTuBHOCTHIO Ha Cu(Il)- kommosute (a =9,0) u ucxomgnom CX (a = 6.0).

Ni(Il)-xkoMmo3uTsl cuHTe3upoBaHbl copOimeii ammuakara Ni(NO3), Ha HeopraHuye-
CKHX HOCHTCIIAX. I/ICCJ'le}lOBaHO BJIUSIHUE NIPUPOALI U BEJIMYUHBI ITIOBEPXHOCTHU Hocheneﬁ, a
TaKxke TeMmueparypsl Tepmoobpaborku Ni(Il)-koMmmo3utoB Ha aacopOLHIO (QeHUIAeTHICHA
Ph-C=CH. B tabnuue npuBenensl ko3bduunentsl pacnpenencaus Ph-C=CH u3 okrana K,
MI/T Ha TepmoodpadoTanHbix Ni(Il)-komMrno3nTax ¥ MCXOJHBIX HOCHTENsAX. MIMMoOMIu3aus
Ni(Il) Ha pa3Hble HOCUTENH (KPEMHE3eM, ATIOMOCHIIMKAT U OKCHJ AJIFOMHHUS) YBEIUYNBACT
ancopouuro Ph-C=CH. Haubonbmas ancopouust nadbmomanace Ha Ni(I1l)/SiO,. Pocr ynens-
HOIi IIOBEPXHOCTH KpEeMHE3eMa TOYTH Ha TOpsiok or 80 1o 600 MY/r Mano BiusieT Ha aji-
copbuuro Ha Ni(II)/SiO,. AncopOnuoHHas aKTHBHOCTH KOMIIO3HTOB PacTeT C YBEIUYCHHEM
Temrepatypbl 00padotku ot 120 10 300 °C (BeposTHO, BCIEACTBHE AETMAPATALIMA TOBEPX-
HoctH) 1 nagaet nocie 600 °C u3-3a 06pasoBanus Ha MOBEPXHOCTH yacTuil NiO.

Cuiikareib Cunoxpom Amomocunukatr | OKHCh aTFOMUHUS
T, °C (600 M*/r) (80 M°/r) (46 M*/r) (80 M*/r)
HCX Ni(Il)- | mcx Ni(Il)- | mcx Ni(Il)- | mcx Ni(II)-
120 105 160 0 95 20 70
160 140 210 100 125 30 115
300 110 240 28 190 45 123 30 150
600 105 135 120 67 43 95

Paboma evinonnena npu gunancosoi noddepicke POOU (epanm Ne 10-03-00999 u 11-
0301011).
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ADSORPTION PROPERTIES OF Cu(l)-, Cu(II)- AND Ni(II)-CONTAINING
COMPOSITES

S.N. Lanin, T.D. Khokhlova, E.V. Vlasenko, A.E. Vinogradov, K.S. Lanina
M.V. Lomonosov Moscow State University, Department of Chemistry, 119992, Moscow, Rus-
sia, E-mail: SNLanin@phys.chem.msu.ru

The work is devoted to development and study of adsorption properties of n—
complexing adsorbents for selective adsorption of unsaturated hydrocarbons.

Cu(I)- and Cu(Il)-composites were synthesized on the basis of ammoniates of CuCl
and CuCl,, immobilized on silochrome CX (24 m%g). Adsorption of a row of hydrocarbons
on these composites was studied by inverse gas chromatography. The difference between
heats of adsorption of n-alkenes and n-alkanes that characterizes the deposit of energy of spe-
cific interactions AQgp.c m-bonds of n-alkenes molecules with active centers on the surface of
sorbents to the total energy of adsorption Q of n-alkenes decreases with decrease of the quan-
tity of Cu(l) in the following row of the samples: 3%Cu(1)/CX > 1%Cu(I)/CX > CX. The val-
ues of AQgpec (Q-Qbenzene) On the initial CX for ethylbenzene (Ph-CH,-CHj3), styrene (Ph-
CH=CH) and phenylacetylene (Ph-C=CH) are 12 — 14 kJ/mol; and on Cu(I)-composites the
values rise drastically up to 21, 29 and 46 kJ/mol, correspondingly. The deposit to the adsorp-
tion AQgpec 0of Ph-CH=CH, on the initial CX and on Cu(I)-composites is much less than the
deposit for Ph-C=CH. Correlation between the heats and selectivity of adsorption on copper-
containing composites with the hydrocarbons structure is observed. So the selectivity of ad-
sorption a (Ph-C=CH/C¢Hg /) on the surface of Cu(I)/CX achieves the value of 25, in compar-
ison with selectivity on Cu(II)-composite (¢ =9.0) and on the initial CX (& = 6.0).

Ni(IT)-composites were synthesized by the sorption of ammoniate Ni(NOs), on inor-
ganic carriers. The influence of the nature and specific surface quantity of the carriers was
studied, as well as the influence of the temperature of heat treatment of Ni(Il)-composites on
the adsorption of phenylacetylene Ph-C=CH. The following table contains the partition coef-
ficients of Ph-C=CH from octane K, ml/g on heat-treated Ni(II)-composites and on the initial
carriers. The immobilized of Ni(Il) into different carriers (silica oxide, aluminosilicate and
alumina) increases the adsorption of Ph-C=CH. The maximum adsorption was observed on
Ni(I1)/SiO,. The increase of silica specific surface is almost of scale from 80 to 600 m%/g
slightly influences on the adsorption of Ni(Il)/SiO,. Adsorption activity of the composites in-
creases with the increase of temperature of heat treatment from 120 to 300 °C (probably as a
result of exclusion of the water from the surface) and decreases after achieving of 600 °C due
to the formation of NiO particles on the surface.

Silica gel Silochrome Aluminosilicate Alumina
T, °C (600 m%/g) (80 m¥/g) (46 m*/g) (80 m¥/g)
initial | Ni(I)- | initial | Ni(I)- | initial | Ni(I)- | initial | Ni(II)-
120 105 160 0 95 20 70
160 140 210 100 125 30 115
300 110 240 28 190 45 123 30 150
600 105 135 120 67 43 95

The work was fulfilled with financial support from RFBR (grant Ne 10-03-00999 and 11-
0301011).
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BJIMSHUE YCJIOBUM JECOPBLIMM HA COCTOSTHUE KOMIIOHEHTOB
CHUCTEMBI HEJIJIIOJIO3A - BOJA

T.B. Cmotpuna, JLII. Kynakosa, U.A. Hukomaes
Mapuiickuii 20cy0apcmeentbill MeXHUYeCKUl YHUgepCUumem
424000, PMD, 2. Howxap-Ona, nn. Jlenuna, 3
tatyana-smotrina@yandex.ru

OIHMM U3 BaXHBIX ATAIOB M3TOTOBICHHS MaTEPUaJIOB Ha OCHOBE LIEJUTIOJIO3BI, B XO/E
KOTOPOT'O MPOKMCXOMUT 00pa3oBaHUE CBs3ei MEXIy BOJOKHaMH U (OPMUpPOBaHHE (HU3HUKO-
MEXaHUYECKUX CBOWCTB, SABIISIETCS CYyLIKA MOJYYCHHOM Iocie Bapku MmysbIbl. [Ipouecc yna-
JICHHSI BOJBI IPOTEKAET B HECKOJIBKO CTa/uii. B mepByro ouepens ynansercs cBoOOaHAs BOAA,
3aTeM cnabo cBs3aHHas (KjacTepHas) W, HaKOHel, BOJA, IPOYHO CBSI3aHHAS C AKTUBHBIMH
uenTpamu. OJJHAKO BOMPOCaM, KacaroIMMCs BIIHSHUS YCIOBHI CYLIKH Ha CTPYKTYPY LEIUTIO-
JI03BI M COCTOSIHHE COPOMPOBAHHOMN BOJIBI, HE YACISAETCS JODKHOTO BHUMAHHSI.

Jlnst mcenenoBaHuil MCMONB30BAM OPTaHOCOJIBBEHTHYIO LEJIION03Y MPOM3BOJCTBEH-
HOH BbIpabOTKH co creneHsMu omona ot 30 no 60 IIP. Hauanshas BIaXKHOCTH 00pasioB
I0CJIE TIPEBAPUTEIIFHOTO MEXaHUIECKOro oTxkHMMa cocrasiisuia ~ 200%. Cymky npoBoauiu
MeTozaMu TepMozecopOumn mpu Temmeparypax 105 °C, 20 °C (ua Bosayxe) u — 22 °C (kpuo-
CYIKA), @ TAKXKE [IYTEM CHATHSI U30TEPMbI JAECOPOIMU H30MUeCTHIEeCKUM MeTogoM. CocTosi-
HHE KOMIIOHEHTOB CHCTEMBI LEJUII0J03a — BOJA AHAIW3UPOBAIM HMIIYJIBCHBIM METOJOM
SIIEPHOTO MarHUTHOTO PE30HaHCA.

AHanu3 3aBHCHMOCTEHl BPEMEHH CITHH-CIIMHOBOH pernakcamuu (T,) NpOTOHOB BOABI U
crnimH-pemerouHoit (T) penakcarMy MPOTOHOB IEJLTIONO3bI OT BJIArocOIEpXKaHMs MOKa3al,
YTO HAa CTPYKTYPY LEJUIIONO03bI M MOJBHIKHOCT COPOMPOBAHHOM BOABI, OCHOBHOE BIIMSIHUE
0Ka3bIBaeT CKOPOCTb JICCOPOLIHH.

IToxBIKHOCTE BOJBI B LIEJUTION03€, MOABEPKCHHON CyIIKe Ha Bo3ayxe npu 105 u 20 0C,
YMEHBIIAETCS 10 3aKOHY, OJIM3KOMY K JKCIIOHEHIMAIBLHOMY, T.e. (JOPMHPOBAHHE CHCTEMbI
BOJIOPOIHBIX CBSI3EH MPOUCXOAUT MOCTEHEHHO 10 Mepe yIalCHHs BOJbI H COKPAILICHHUS MEXK-
BOJIOKOHHBIX, MEX(PUOPHIUIAPHBIX M BHYTPUPHOPHIUIAPHBIX MPOCTPAHCTB. B x071€ Tepmoe-
copbumn pu 105 °C 1o Biaroconepxkanust ~ 1 1/t Tepmudeckue 3 deKTsl (BHICOKHIT TeMIT
WCTIapeHHs BIIard, HapacTarollee JaBJICHHE MapoB B TOJIIEC MaTepHaa) MpersTCTBYIOT (op-
MHPOBAHHIO MEKBOJIOKOHHBIX CBSI3el Ha HayaJbHBIX dTalax ACCOPOLMH, TOITOMY LEILIIOIO-
3a JI0JIbILE COXPAHACT HCXOAHYIO CTPYKTYPY.

Ilpu Manoit cCKOpoCTH yAaJieHWss COpOMPOBAHHOI Biard (M30MHECTHYECKUIl METOM)
MPOUCXOJUT ITyOOKasl IepecTpoiika CUCTEMBI BOZOPOHBIX CBS3Eil, COMPOBOXKAAIOIIASCS TIe-
PEXO/IOM CTPYKTYpbI B 60Jiee paBHOBECHOE COCTOSIHUE. DTO MPUBOAUT K M3MEHEHHIO XapaK-
Tepa 3aBUCUMOCTH T, OT BIIarocoiepikaHusi, aHaIu3 KOTOPOHl IO3BOJHI BBLACIHTH (HOPMBI
CBSI3M BOJABI C COPOSHTOM M KPUTHUYECKHE TOYKH, COOTBETCTBYIOLIME MEPEXOIy OT OIHOMH
(hopMbI cBs13u K apyroil. OGHAPYKEHO, YTO C YBEIHYSHHEM CTEIICHHU IIOMOJIa YBEIHYMBACTCS
KOJIMYECTBO BOJIBI, HAXOIALICHCS B CIIA00CBSI3aHHOM COCTOSTHHU.

CormocraBieHne 3KCIePUMEHTAIBHBIX TaHHBIX 10 TepMogaecopbouumu (mpu 105, 20 u - 22
OC) st 0GPA3IIOB ¢ PAsIMUHBIME CTENICHAMH [TOMOJIA [TOKA34JI0, 4TO TJIyGHHA CTPYKTYDPHBIX
W3MEHEHHH B OOJIbILICH CTEIEHH 3aBUCUT OT CIIOCO0a yJaleHus BIAry, a He OT YCIOBHUIA Me-
XaHMYECKOro MOAU(HIIPOBAHHUS.

Takum 06pa3oM, Ha OCHOBAHHH TIOJIYYEHHBIX PE3YJIbTATOB MOXKHO 3aKJIIOYUTh, YTO, U3~
MEHSISI YCIIOBUSI IGCOPOLIMU BOJIBI, MOYKHO IIEJICHAIIPABICHHO BO3/ICHCTBOBATh Ha CTPYKTYPY
LEJUTIOJIO3HBIX MAaTepPHaJIOB.
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THE INFLUENCE OF DESORPTION CONDITIONS ON THE STATE
OF CELLULOSE-WATER SYSTEM

T.V. Smotrina, L.P. Kulakova, I.A. Nikolaev
Mari State Technical University
424000, Russia, Mari El, Yoshkar-Ola, pl. Lenina, 3
tatyana-smotrina@yandex.ru

One of the important stages of cellulose-based materials production, when bonds
among the fibers are formed and physical and mechanical properties are finalized, is drying
the pulp after boiling. The process of removing water occurs in several stages. Firstly, the free
water is removed, then lowly bonded (so-called “clustered”) water, and finally, water which
strongly bonded by the active centers. However, issues relating to the influence of drying
conditions on the structure of cellulose and the state of sorpted water, are not observed with
due attention.

Factory produced organic-solvent cellulose grinded from 30 to 60° (Shopper-Riegler
scale) was used for the investigation. Humidity of samples after preliminary mechanical
wringing was about 200%. Drying was processed by thermal desorption at temperatures 105
%C, 20 °C (air drying) and -22 °C (cryodrying). Also isopiestic method was used to obtain iso-
therms of desorption. Cellulose-water system state was analyzed by pulsed nuclear magnetic
resonance.

The analysis of the dependence of spin-spin relaxation time (T) and spin-lattice relax-
ation time (T,) on water content illustrated that desorption speed is the main factor influences
on cellulose structure and sorpted water mobility.

Water mobility in cellulose, which was air-dried at 105 u 20 °C, falls down practically
exponentially. Hydrogen bonds forming goes step by step when water is removed and also
inter- and intrafibrillar space decreases. During thermal desorption at 105 °C when achieved
water content was around 1 g/g thermal effects like high speed of water removing and internal
steam pressure increasing are the thresholds for the interfibrillar bonds forming. It is the rea-
son why cellulose maintains the structure for a long time.

If speed of water removing is not so high (isopiestic method) deep changes of hydro-
gen bonds occur. The structure becomes more equilibrium. It leads to changes of the depen-
dence of T, on water content. The analysis of such dependence uncovered states of water-
sorbent system and critical points which don’t allow type changes of hydrogen bonds. It also
was discovered, that the increasing of grinding degree leads to increasing of low-bonded wa-
ter content.

The comparison of experimental data given at 105, 20 i -22 °C by thermal desorption
showed that the degree of structural changes is rather sensitive to water removing technique
than to mechanical modification conditions.

The results of described investigations allow the conclusion, that manipulation by wa-
ter sorption conditions is the purposeful technique for cellulose structure forming.
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TEKCTYPHBIE XAPAKTEPUCTUKH I'OIIKAJIUTA 1 ETO KOMIIOHEHTOB

H.U. Coruukosa', C.T'. KnpeeB], B.M. Myxnﬂl, B.H. KJ]ylHI/IHz, C.H. Tkauenko’
Y040 3HIIO «Heopzeanuxay, 2. dnexkmpocmansy Mockosckoii 00.1.;
144001, yn. K. Mapxca, 0. 4, e-mail: neorg.el@mail.ru
2 PXTY um. JI.HU. Menoeneesa, Mocksa
? Xumuuecruii @axynemem MI'Y um. M.B. Jlomonocosa, Mocksa

OnmHMM W3 OCHOBHBIX HCTOYHHKOB IIOJYYCHHUsS TEKCTYPHBIX XapaKTEPUCTHK TBEPBIX
KaTaJn3aTOPOB IeTEPOreHHBIX peakluy sBisieTcss 00paboTKa pe3ysbTaToB aicOpPOLMOHHBIX
m3MepeHnil. B HacTosmell paboTe HccleOBaIM aicopOLMIO a30Ta Ha TONKAIATE U €ro
koMmroHeHTax mpu Temmeparype 77 K. Hcmone3oBamu romkamut ['®I, xortopsri
MPEACTABISIET COOOM IKCTPYAAThI JUaMeTpoM | MM | JUTHHOM 3-7 MM U COCTOUT M3 JHOKCHIA
Maprasija — OCHOBBI KaTaJIM3aTOpa, OKCHJA MEIM — MPOMOTOpa KaTaJMTUYECKOH peaKiun
OKHCIICHHS OKCHJIa YIJIepoJa KUCIOPOJIOM, a TAKXKE CBS3YIOLIETO BEIIeCTBa — OCHTOHUTOBOM
riusbl (BI7). O6pasipl nepes aacopOLUOHHBIMUA U3MEPECHUSIMU BBICYIIMBAIIA HA BO3/IyXe MPH
temneparype 300 °C, a 3atem oTkauuBaiu rnpu gasneHuu meHee 1 I1a B reuenue 3 yacos.
Tabnuia — XapakrepucTHKA MOPUCTO# CTPYKTYphI ronkanuta [ '@l u ero KOMIOHEHTOB

(Typ — TEMIIEpaTypa OTKA4YKH 00pa3La; pa3MEPHOCTh EMKOCTH MOHOCIIOS IO

BT (a,) 1 06BeMa copGumonHoro mpoctpanctsa (Vs) — em’/r HTJD).

O6pasen CocTaB T,, 30 °C ; Tv,.; 300 °C

MnO, | CuO | BI' am C Sy M/T Vs Sy M/T Vs
MnO, 1,0 - - 13,5 99 58,6 123,3 63,5 128,6
CuO - 1,0 - 18,9 154 82,5 184,1 57,3 168,7

BI’ - - 1,0 9,3 310 40,3 45,1 44,7 50,6
MnO,:CuO 0,88 | 0,12 - 15,3 128 66,4 140,5 58,3 146,0
MnO,/CuO 0,88 | 0,12 - 42,4 99 184.,6 1442 203,7 164,4
MnO,/CuO/BI" | 0,84 | 0,11 | 0,05 | 42,7 105 185,8 133,2 202,9 149,2
MnO,/CuO/BI" | 0,79 | 0,11 | 0,10 | 40,3 102 175,3 127,2 193,8 143,8
MnO,/CuO/BI" | 0,75 | 0,10 | 0,15 | 38,5 100 167,5 123,0 186.,4 1384

W3 WHIMBUIYalbHBIX KOMIIOHEHTOB TOIKAJINTa HAWOOJbLICH YAENBHOW IMOBEPXHOCTHIO
obmamaer CuO. Ilpuuem ero yzaenpHast IOBEPXHOCTh U 00bEM COPOLIMOHHOTO IIPOCTPAHCTBA C
pOCTOM TeMmmepaTypbl OTKauku CcHmkatoTca Ha 31 u 8,4 %, BepoATHO, B pe3yibTare
cnexanus. [ns MnO, B To ke BpeMs Sy, U Vs yBEIUUMBAIOTCS COOTBETCTBEHHO Ha 8,4 u 4,3
%, nas BI' — Ha 10,9 u 12,2 %, BcnencrBue Gosee TiTyOOKO# AEruapaTalvy, 4TO MOXET
TaK)e CBH/CTEILCTBOBATH O TEPMHUYECKOW YCTOHYMBOCTH STHX KOMIIOHEHTOB KaTaJIH3aTopa.
Ipu npomorupoBanur MnO, BaXHYIO pOJb HIpPaeT Croco0 BBIIOIHEHHS ITOM
TEXHOJIOTUYECKON omepauuu. J[ns MeXaHHYecKOH CMeCH OTAENBHO IPUTOTOBICHHBIX
okcnzoB (MnO,:CuO) B OTHOLICHHWH YIENbHOH MOBEPXHOCTH B TEPBOM MNPUOIMKEHHH
BBINOJIHACTCS TIPABUIIO aJIUTUBHOCTH: PAacYeTHOE 3HaYeHHE Sy, JUI 00pa3sLoB, OTKAYaHHBIX
npu 30 u 300 °C, coctaBuser 61,5 n 62,8 MZ/F, YTO JIOCTATOYHO OJIU3KO K DKCIEPUMEHTAIBHO
onpeneiacHHbIM BenmuuuHaM. OJHAKO TpU OCaXICHUH Takoro ke KoimdectBa CuO B
NIPUCYTCTBUM  CyCIIeH3MM jamokcupa Mapranna (MnO,/CuQO) HaOnromaercst mouTH
TPEXKPATHBIA POCT Y/AENBHON MOBEPXHOCTH, YTO yKa3biBaeT Ha cuHepruueckuii 3 dexr. C
npyroii  ctopoHsl, ¢opmoBanue MnO,/CuO ¢ pa3nIuYHBIM KOJMYECTBOM CBS3YIOIIETO
BEIIECTBAa NPUBOAUT K cepun obOpas3noB (MnO,/CuO/bI'), eMkocTh MOHOCIOS M yHAeNIbHAS
[TOBEPXHOCTH KOTOPBIX, B IIEJIOM, YAOBICTBOPSIOT NPABIIY aJIMTUBHOCTH. Takum 00pa3om, B
npolecce MOJyYeHHUs TOMKAIUTa TP SBOJIOLUY MMOPUCTON CTPYKTYphl AMOKCHAA MapraHua
HAOJIIOAIOTCS KaK CHHEPruueckuil 3QQexT, Tak M cief0oBaHHE MPABHIY aJJUTHBHOCTH B
OTHOIICHHH YETbHOU MTOBEPXHOCTH KaTaln3aTropa.
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TEXTURE CHARACTERISTICS OF HOPCALITE AND ITS COMPONENTS
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One of main sources of receiving texture characteristics of solid catalysts of heterogen-
ous reaction is treating the results of adsorptive measurement. The present work investigates
the adsorption of nitrogen on hopcalite and its components at temperature 77 K. We used
hopcalite GFG, the extrudate with diameter | mm and length 3-7 mm consisting of manga-
nese dioxide — the basis of catalyst, black copper oxide — the promoter of catalytic reaction of
oxidation of carbon monoxide with oxygen and binder — bentonitic clay (BC). Before adsorp-
tive measurement the samples were dried with air at temperature 300°C and held at pressure
<1 Pa during 3 hours.

The table presents the characteristics of porous structure of hopcalite GFG and its com-
ponents (T is the temperature of pumping out the sample; the capacity of monolayer accord-
ing to BET (ayp) and the volume of sorptive volume (V;) are measured in cm’/g STP).

Structure Ty 30°C Ty 300°C

Sample MnO, | CuO | BC | an C |Sypmig| Vi Ssps V

m?/g

MnO, 1.0 | - - [ 135 ] 99 | 586 | 1233 | 635 | 1286
Cu0 - 10| - [189 [ 154 | 825 [ 184.1 | 573 | 168.7
BC - - | 10 ] 93 [ 310 | 403 | 451 [ 447 | 50.6
MnO,:CuO 0.88 |0.12]| - | 153 | 128 | 66.4 | 140.5 | 583 | 146.0
MnO,/CuO 0.88 | 012 - | 424 | 99 | 184.6 | 144.1 | 203.7 | 164.4
MnO,/CuO/BC | 0.84 | 0.11]0.05 | 42.7 | 105 | 1858 | 133.2 | 2029 | 149.2
Mn0O2/CuO/BC | 0.79 | 0.11 | 0.10 | 40.3 | 102 | 1753 | 127.2 | 193.8 | 143.8
MnO,/CuO/BC | 0.75 [0.10 [ 0.15 | 38.5 | 100 | 167.5 | 123.0 | 186.4 | 138.4

CuO as an individual component of hopcalite possesses the biggest specific surface area.
Its specific surface area and the volume of sorptive area are reduced by 31 and 8.4% with the
increase of the temperature of pumping out probably as a result of sintering. Sy, and V; of
MnO; rise accordingly by 8.4 and 4.3%, for BC — by 10.9 and 12.2% on account of deeper
dehydration that may also testify the thermal stability of the components of catalyst.

The method of fulfilling this technological operation plays an important role for the
promotion of MnO,. The rule of additivity is performed for the mechanical mixture of sepa-
rately prepared oxides (MnO,:CuO) concerning specific surface area to a first approximation:
the calculated value of Sy, for the samples pumped out at 30 °C and 300 °C is 61.5 and 62.8
m?%/g approaching the experimentally received values. Nevertheless when we prepare CuO in
the same quantity in presence of suspension of manganese dioxide (MnO,/CuO) specific sur-
face area increases almost three times showing synergetic effect. On the other hand molding
MnO,/CuO with different quantity of binder leads to receiving a number of samples
(MnO,/CuO/BC) with the capacity of monolayer and specific surface area satisfying the rule
of additivity.

Thus we see both synergetic effect and following the rule of additivity in respect of spe-
cific surface area of catalyst with the evolution of porous structure of manganese dioxide in
the process of receiving hopcalite.
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ACCOLMUPOBAHHBIE C AJICOPBIHUEN 3JJEKTPOHHBIE PE3OHAHCHI
HA METAJUIMYECKOM MOBEPXHOCTH
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VYupeowcoenue Poccuiickoii akademuu Hayk Mucmumym gusuueckou Xumuu u sex-
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Creuuguueckast aacopOLyss Ha METAUIMYECKUX JICKTPOAAX, KOHTAKTUPYIOIIHUX C pac-
TBOPAaMH 3JIEKTPOJIUTOB, UIpaeT (PyHIAMEHTAJIbHYIO POJIb B DJIEKTPOXHUMHYECKHX SBICHUSX.
B kauectBe ajcopbaTa MOTYT BBICTYNAaTh KaK HOHOTCHHBIC (AHHOHBI, KATHOHBI), TAK U HEHO-
HOT€HHBbIE (MOJIEKYJIBI OPTaHUYECKOTO BEILIECTBA) KOMIOHEHTBI PACTBOPA. YKa3aHHbBIE BelLle-
CTBa TO-PAa3HOMY B3aHMMOJCHCTBYIOT KaK ¢ PacTBOPOM B 00bEME IEKTPOJINTA, TaK U C IO-
BEPXHOCTBIO AJIEKTPOJa BOIM3M MeX(pa3HOH IpaHULbl, HO B UX OCHOBE JISKAT MEXaHU3MbI,
CBS3aHHBIC C JICKTPOHHBIM OOMEHOM. B yKa3aHHOM acIleKTe CYIIECTBEHHO OTMETHTH, YTO
9TOT OOMEH IPOUCXOIUT MPU YYACTHH MHOTHX JPYTUX CTENeHei CBOOOBI CII0KHOM CUCTEMBI,
MOATOMY, CTPOT'O 'OBOPSI, OH JOJDKEH SBJIATHCS NPEIMETOM PACCMOTPEHHUS C MO3ULUH JHUCCH-
IIaTHBHOI KBAaHTOBOW MeXaHHKH [1].

Ecau orpannuuthes paccMOTpeHHEM HamOosee paclpOCTPAHEHHBIX BHIOB PaBHOBEC-
HBIX aJICOPOLIMOHHBIX CUCTEM: aHHOHOB M OPraHMYECKHX BELIECTB, TO CIELYET OTMETUTh, YTO
crierupuIecKoe B3aUMOJCHCTBHE 31€Ch OOYCIIOBICHO MOJSPU3ALHOHHBIMU TPOLECCAMU H
YaCTUYHBIM IIEPEHOCOM 3apsa MEXIy MEeTauloM U aacopbaroMm. B peransax ux dusnueckoit
MPUPO/IBI €IlIe MPEICTOUT Pa300paThCst. ABTOPHI MPEUIAraloT MOENbHOE PACCMOTPEHUE ajl-
COpOLIMOHHOTO COCTOSIHUSI Ha METAJUTMYECcKOil moBepxHocTH. [Ipeanonaraercs, 4To paccMmar-
pHBaeMble CHCTEMbI 00JaJa0T OTIMYAIOLIEHCS 3JIEKTPOOTPHLATENBHOCTIO. [Ipu KOHTakTe
MPOUCXOJHUT YaCTHYHBIH MEPEHOC 3IEKTPOHHON IJIOTHOCTH, BCIEACTBUE BbIPABHUBAHHS XU-
MHYECKHX ITOTEHI[HAJIOB, JIOKATFHO HAPYLIAIOIIHUH JIEKTPOHEHTPAIbHOCTh CHCTEMbL. Bo3HH-
Karollee JIOKaJIbHOE IEKTPUUECKOe MOJIe CO3JAeT PacceuBaroLuil GakTop IS IEKTPOHHOTO
rasa MeTa/ula. DJICKTPOHHbIE GJIOXOBCKHE BOJHBI, PACCEHBAsCH HA YKa3aHHOM BO3MYILCHHH,
BBI3BIBAIOT TEpepacnpeeeHue MEKTPOHHOM MIOTHOCTH, 3Q(GEKT KOTOPOro KOMIEHCUPYET
MIOCIIEACTBHS JICUCTBUS TIEPBOHAYATIBHOIO BO3MYyLIeHUs. B pesynbrate obumuii s dekr aei-
CTBHUS ajcopbara HE pPacHpPOCTPAaHSCTCS 3a Ipeleibl oONacTH MHOpsKa pajuyca TOMac-
(hepMHEBCKOTO IKpAaHUPOBAHUS. DICKTPOHEHTPAILHOCTh BO3MYILEHHONW CHCTEMbI COOIIOIa-
ercs Onaromaps npasuity cymm Opunens [2].

DNEKTPOHHAs CHCTEMa MOJIEKYJIbI, YACTUYHO MOTPY)KEHHAsl B METAILI, OTIEJCHA OT ero
9JIEKTPOHOB MEXKATOMHBIM IOTEHIMAIBHBIM 0apbepoM, uepe3 KOTOPBIH MoepKuBaercs 00-
iee AMHaMHUYeckoe paBHOBecHe. DneKTpoHHbIH HOMO-ypoBeHb ancopOMpoBaHHON Moie-
KyJIbI Pa3MBIT U3-32 METacTaOMIBHOCTH COCTOSHUSA Ha BenuunHy AE~W/T', roe I' Bpems xus-
Hu. CTabUIbHOE CYyIIECTBOBAaHHE aficopOaTa Ha MOBEPXHOCTH METasuia 00eCleunBaeTCs paB-
HOBECHEM ¢ (PepPMHOHHBIM pPe3epByapoM (JIEKTPOHHBIM ra3oM B MeTaiuie). PezoHaHcHOe pac-
CesiHHE JJIEKTPOHOB MeTajuia ¢ sHeprueil depMu xapakTepusyeTcsi BpeMeHeM 3anepxku I,
KOTOpOE OIpeselsieTcss TeM ke (aKTOpoM TYHHENIBHOW MPOHHMIAEMOCTH MEKaTOMHOTO MO-
TEHLHAJILHOTO 0apbepa, YTO U BPeMsl )KU3HHU NIEKTPOHA B aJICOPOMPOBAHHON MOJIEKYIIE.
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ELECTRONIC RESONANCES AT METAL SURFACES ASSOCIATED WITH
ADSORPTION
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Specific adsorption on metal electrodes contacting with electrolyte solutions plays a
fundamental role in the electrochemical phenomena. Ionic components of the solution (anions,
cations) and nonionic (molecules of organic matter), as well, can act as the adsorbate. These
substances interact differentlyas with the solution of an electrolyte in the bulk and with the
surface of the metal electrode near the interface, but there based mechanismsare related to
electron exchange. In that aspect it is important to note that this exchange takes place with a
participation of many other degrees of freedom of a complex system, therefore, strictly speak-
ing, it should be considered in terms of dissipative quantum mechanics [1].

If we restrict our consideration to the most common types of equilibrium adsorption
systems: anion and organic substances, it should be noted that the specific interaction here is
due to the polarization process and the partial charge transfer between metal and adsorbate.
Details of their physical nature are to be answered. Many authors propose a model examina-
tion of the adsorption states on metal surfaces. It is assumed, that the systems have different
electronegativity. When contacting each other, a partial transfer of electron density occurs due
to alignment of the chemical potentials, violating the localelectroneutrality of the system. A
local electric field, that appears, creates a scatter factor for electron gas of metal. Electronic
Bloch waves, scattered by a specified perturbation, causetheredistribution of electron density,
which compensates for the effect of an initial disturbance. As a result, an overall effect of the
adsorbate activity does not go beyond the areal of the Thomas-Fermi screeningradius. Elec-
troneutrality of the perturbed system is conserved by Friedel sum rule [2].

The electronic system of a molecule, partially submerged in a metal, is separated from
metal electrons by an interface potential barrier,neverthelessit issupported a general dynamic
equilibrium of electron gas through the last on account of his tunnel transparence. Electronic
HOMO-level of the adsorbed molecules is diffused by an amount AE ~ h / I'through metasta-
bility of the state, where I' is his lifetime. A reservoir of fermions (electron gas in the metal)
provides a stability balance of the adsorbate’sexistence on the metal surface. Resonant scatter-
ing of the metal electrons with the Fermi energy is characterized by a delay time I', which is
determined by the same factor of the tunneling permeability of interface potential barrier, as
the lifetime of a metastable state of the adsorbed molecule.

REFEENCES

1. Legget A.J. and all. Rev. Mod. Phys. 1987. V.59. P. 1
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BJIMAHUE KOHHEHTPALIUU KATHOHHO - AKTUBHOI'O ITIAB HA PASMEP
YACTHUI TAJIBKA
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Iopomku TanpKka, MCIOJb3yeMble B OymaronepepadaThIBaIOIEel MPOMBIIUICHHOCTH,
IPEICTABIAIOT COOOH CHCTEMBI C HMIMPOKUM JMANO30HOM pa3MepoB yacTHll. IIpu usyuenuu
CBOJICTB CycCIeH3uil Tajbka 3T0 HEOOXOAUMO YUHUTHIBATD, II0ITOMY ISl HCCIIEIOBAHHUS TOHKO-
JIUCHEPCHBIX (DpaKLui HCIOIb30BAIN TYPOUIUMETPHYESCKHI METO/.

Meroauka uccineoBanus Obuia cllely omei:

- TOTOBWJIM CYCHEH3HH TalbKa B PACTBOPaX C Pa3HON KOHLEHTpalueil KaTHOHO-
aktiBHOTO [TAB (N-tieTmnupuinHuit XI0pHUCTHIi) 1 mocie 30-MHUHYTHOTO MepeMELIMBaHHs
MOMEIIANTH UX B TPaJydpOBaHHbIE [IWIHHPHI,

- MOCJIe 5 MHUHYTHOTO OTCTaMBaHMs (32 3TO BPEMsS B 0CAJIOK HEPEXOMIN rpyOoIHc-
nepcHblie (PaKIUK) TPOU3BOIUIN OTOOP MPOO C pa3HBIX BBICOT M ONMPECIISUIA B HUX ONTHYE-
cKyto miotHocTh D Ha KOK-3;

2,3D

- BBIYUCIISUIM  MYTHOCTHU B UCCIICAYEMBIX CUCTEMAX 7@ 7 = 5 I - TOJIIIUHA I10-

TJIOIAIOILETO CIIOS.
INoxcTaBnsst SKCIEPUMEHTANBHO OINPEAENECHHbIE 3HAaYeHHs MYTHOCTH 7 B ypaBHEHHE
Pexest, onpenemnsuy paJuyc 4acTUIl JUCIICPCHOH (a3bl:

2
. At (] +2n]
4 2 2
3272°C,\ n; —n,

rae A - anuHa BonHbl (540 HM), 1, - TOKa3aTelb MPEIOMIICHUS PACTBOpA, 71, - MOKa3aTellb

npenomieHus Tanbka, C, - 00beMHast 10311 AUCTIEPCHOI (Ba3bl.

BbUIH 1OTydeHbl 3HAYCHHS PaJnyCOB KOJUIOMIHBIX YacTHI| (B3Beceil) B CYCHEH3HsX C
pasHoit kontentparmeii [I1AB (puc.).

B

r 1086

5
4
3
2

50 60 70 80 9 100 110 120 h, MM

Puc. BinsiHue KOHIEHTpaluu KaTHOHO-akTHBHOTO [TAB Ha M3MeHeHue pa3mepa 4acTHIL
TaJIbKa.

Ha ocHOBaHMM pHCYHKa MOXXHO CIENaTh BBIBOJ, YTO MOJU(DHUIUPOBAHHE CYCIICH3UN
TaNbKa KaTHOHO-aKTUBHBIM [TAB BimsieT Ha cBOWCTBA CYCIIEH3MI TajlbKa, a TaK K€ Ha pa3Mep
€ro JacTuil. BimsHue KOHIIEHTpanuy MMEET CIIOXKHBIM XapaKTep W BBIPAXKEHO TEM CYIIECT-
BEHHee, YeM Bhblle KoHIeHTpauuu [TAB.
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THE INFLUENCE OF CATIONIC SURFACTANT CONCENTRATIONS ON THE
PARTICLE SIZE OF TALC
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Talcum powder used in paper industry, is a system with a wide range of particle sizes.
In studying the properties of suspensions of talc it is necessary to consider, therefore, to inves-
tigate the fine-dispersed fractions turbidimetric method was used.

Procedure of investigation was as follows:

- prepared suspensions of talc in solutions with different concentrations of cationic
surfactant (N-cetylpyridine chloride) and after 30 minutes of mixing them, were placed in a
graduated cylinder;

- after 5 minutes of settling (for this time of the sediment rude-dispersed, fractions
came to sediment,) took out aliquots at different heights and determined their optical density
D on a KFK-3;

23D

- calculatd the turbidity in these systems 7: 7 = , [-the thickness of the absorb-

ing layer.
Placing the experimentally determined values of turbidity 7 in the equation Releu,
was determined by the radius of the dispersed phase:

A (nl+2ng ’
r= - >
32z%C, \ nl -n}

where A - the wavelength (540 nm), n, - refractive index of the solution, n,- the refractive

index of talc, C, - the volume fraction of the dispersed phase.

Were obtained radii of colloidal particles in suspensions with different concentrations
of surfactant (fig.).

50 60 70 80 9 100 110 120 h, MM

Fig. The Infmence of cationic surfactant concentrations
on modifying the particle size of talc

On the basis of the figure, we can conclude that modification of talc suspensions by
cationic surfactant affects the properties of talc suspensions, as well as its particle size. Effect
of concentration is a complicated characteristic and is expressed more substantial at the high-
er concentrations of surfactant.
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AJICOPBIIUS N-IIETHJIITUPHIAHUI XJTOPUJIA
HA TAJTLKE OHOTCKOT'O MECTOPOKJIEHHS
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Hprymckuil 2ocyoapcmeennbiil mexHuueckuil yHugepcumen,
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Hcnonp30BaHne TOHKOM3MENBYCHHOTO TajbKa sl YAaJICHHsS CMOJIbI U )KUPOB U3 Oy-
Ma)KHOH MacChl CYMTAETCSI SKOHOMHYECKH BBITOJHBIM, TEXHUYECKH 3()(PEKTUBHBIM U IKOJIO-
rHYeCKU 0e30MacHbIM. J[JIsl CIIOMCTBIX MHUHEpAoB, MOJO0OHBIX TalbKy, BaKHO COOTHOIICHHE
ruipoGUIbHBIX U rHAPOGOOHBIX MOBEpXHOCTEH. Britaj Ka 10l MOBEPXHOCTH B OOLIYIO OI-
penenser ancopOIMOHHBIC CBOMCTBA TallbKa, CaM e, B CBOIO OUepe/ib, 3aBUCHT KaK OT CTeIle-
HU pa3fApoOJCHHOCTH MHHEpaia, Tak M OT €ro MPUPOJHBIX OCOOCHHOCTEH — COBEPIICHCTBA
KPHCTAJUIMYECKOM PEIIeTKH, IIPUCYTCTBUS IPUMECEH U APYrux (pakTopoB, KOTOpPhIC IPUIAIOT
HETIOBTOPHMBII XapakTep MOoTy4aeMbIM MPOJAYyKTaM. B kauecTBe 00bEKTa HCCICIOBAHHS HC-
0JIb30BaK 00pa3iisl Tanbka OHOTCKOTO MECTOPOXK/ICHHUS PA3INYHON CTEIEHH AUCTIEPCHOCTH.
B mponomkeHne HCClieOBaHUM, MPENCTaBICHHBIX B [1], M3ydeHa aacopOIus KaTHOHHOTO
[TAB (xIIAB) — N-metwnmmupuauanii xaopuaa (puc. 1). Ilpexnomaraercs, 9To ¢ MOMOIIBIO
ancopOuun KIIAB Ha oTpHuaTeIbHO-3apsHKEHHO OOKOBOI TpaHH MOXKHO OIPEAETUTh COOT-
HOILIEHUE MeX 1y ruapoduibHoi 1 rugpodoOHoit noneit [2].

H3oTepMbl ancopOLMK MOMYYMIIH KIACCHYECKUM METOJIOM, OCHOBAaHHBIM Ha aHaM3e
Pa3HOCTH MCXOJHBIX U PAaBHOBECHBIX KOHIEHTpAIMi ajgcopbara B pacTBOpE MPH CPaBHEHUH
ITOBEPXHOCTHOT'O HATSHKEHHS, N3MEPEHHOTO METOJIOM MaKCHMAJILHOTO JaBJICHHS B Iy3bIPbKE
rasa, MPOCKAKMBAIOIIEM U3 KaMUIsIpa 4epe3 )KUAKOCTh (puc. 2).

A/A.
+ 1.00 .
N
= 0.80 .
0.60
™
0.40
Cl 0.20
0.00 4 : : : : ‘
0 00002 00004 0.0006 0.0008 0.001
Cpanns MOJIB/T
Puc. 1. CtpykrypHas cxema N- Puc. 2 — 3aBHCHMOCTb CTEIIEHH 3al0THEHUS
LeTHINUPUANHUHN XIopuaa MOBEPXHOCTH Tasibka MM-20 MonekynamMu

ITAB

AzicopOuus B paccMaTpHBaeMOM cCilydyae SIBISIETCS Pe3YJIbTaTOM IBYX MPOLIECCOB: OT-
4acTH 3TO crienuduyueckas aacopOuUus 3a CUeT AIEKTPOCTATHYECKOW CHIIBI MEXIY IHOJIOKHU-
TeNnbHO-3apshkeHHoN rpynnoii KIIAB u orpunarenbHo-3apshkeHHOH GOKOBOM rpaHel yacTuil
Taybka, 0T4acTH - (usmdeckas ancopOumu kI[IAB 3a cuer BaHIepBaaIbCOBOM CHIIBI MEXIY
ruapodobHpMu pagukanamu KITAB u ruapodoOHBIM y4acTKOM MOBEPXHOCTH TaJIbKA.
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N-CETYLPYRIDINE CHLORIDE ADSORPTION
ONTO TALC OF ONOTSK DEPOSIT

A.A. Yakovleva, Truong Xuan Nam, Le Manh Linh
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e-mail: ayakov@istu.edu

The use of fine-grained talc for removing pitch from pulp is considered as economi-
cally profitable, technically effective and ecologically safe. According to laminated minerals,
such as talc, the hydrophilic-hydrophobic site ratio is very important. Contribution of every
site to the total one determines the adsorption property of talc, and itself, depends not only on
the crushing degree of mineral but also on natural characteristics - lattice perfection, presence
of impurities and other factors that decide unique property of received product. Talc samples
of Onotsk deposit of different dispersion degree were the investigated objects. For continuing
the work, presented in [1], the adsorption of cationic surfactant — N-cetylpyridine chloride (fig.
1) was studied. It is suggested that by adsorption of cationic surfactant on the negatively-
charged lateral surface is possible to determine the hydrophilic-hydrophobic site ratio [2].

Adsorption isotherms were obtained by the classical method based on an analysis of
the difference between the initial and equilibrium concentrations of adsorbate in solution by
comparing the surface tension, measured by maximum pressure of gas bubble slipping
through the liquid from the capillary (fig. 2).

A/A.
1.0 [

0.8 .
0.6
0.4

0.2

Ceq, moll
0.0 4 ! : : ; .
0 0.0002 0.0004 0.0006 0.0008  0.001

Fig. 1. Structural schematic Fig. 2 — Dependence of surface covering de-
of N-cetylpyridine chloride gree of talc MM-20 with surfactant molecules

Experiments were conducted with 5% and 10% suspensions of talc. Adsorption in this
case can be explained as the result of two processes: firstly specific adsorption due to elec-
trostatic force between positively charged cationic group and negatively charged site of talc
particles, secondly physical adsorption of cationic surfactant due to vanderwaals force be-
tween hydrophobic radicals of cationic surfactant and hydrophobic site of talc.
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MNO3UTPOHHASA AHHUT'UJIALIMOHHAS CIIEKTPOCKOIIUA KAK METO/J
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[ITnpokoe pacrpocTpaHeHNE HAHOCTPYKTYPHPOBAHHBIX aJICOPOLIMOHHBIX MAaTEPHAIOB B
pa3IMYHBIX O0JIACTSAX BBI3BIBAET HEOOXOAMMOCTH TIIATENBHOTO H3Y4YEHHSI OCOOCHHOCTEH
ATOMHO-2JIEKTPOHHOTO CTPOEHHS JTHX OOBEKTOB. B 3TOH CBS3M BecbMa aKTyalbHO
HCIIOJIb30BaHUE BBICOKOYYBCTBUTEIBHOTO SIEPHO-(QU3NUCCKOTO METOJ]d, OCHOBAHHOTO Ha
NU3MEPEHUH XapaKTEePUCTUK DIICKTPOH-NO3UTPOHHOW aHHUTHIIALMU WHXEKTHPOBAHHBIX B
HcclIelyeMoe BeIIeCTBO MO3UTPOHOB (AIl).

B U®XD PAH meronom AIl B Te4eHHHM HECKONBKUX JIET MPOBOAATCS HCCICIOBAHHS
a7IcOPOEHTOB PA3IMYHOIO THUIA, WCIIONB3YyEMbIX B COBPEMEHHBIX TeXHOJOrusx. IlomyueHs
JaHHBIE 00 aTOMHO-DJICKTPOHHOW CTPYKTYpE pa3IMuHBIX MOAM(PHUKALUN TEXHHYECKOTO
yIJIepo/a, aKTHBHBIX YIIIeH, CHITMKAreNei, [e0IUTOB, MOJTUMEPHBIX MaTepUaIoB, TEMILIATOB,
YIJIEPOIHBIX HAHOBOJIOKOH. MccnemoBaHbl OCOOCHHOCTH MeXaHW3Ma abcopOLUH BOAOPOIA
aJuIaJHeM.

B kauecTBe OCHOBHOI'O METOJIa UCIIOJIB30BAIOCH H3MEPEHNE KPHUBBIX YITIOBOIl KOppes-
uun anHurmsinronHoro usnyyenus (YKAU) B moaudukanuu 1D-reomerpun. YKAU npen-
cTaBisieT coOol pacripeseseHre o yriiaMm pasiera map xectkux (511 kaB) ramma-kBaHTOB,
HCIyCKAaeMBIX TIPY aHHUTWISIAN MTO3UTPOHOB B m3ydaeMoM obOpasie C(®). Mcrounukom mo-
3uTpoHOB Cirykia m3oton °Na. Tak kak (opma kpuoil C(®) onpeneisercss BOTHOBOI
(hyHKIMEH aHHUTWINPYIOUIMX 3JIEKTPOHOB (T), IS MCCIIEIOBAaHHBIX MaTepHajoB Ha OCHO-
BaHuu KpuBbIX YKAW momydeHsl pactpeneleHHs O HMITYJbCaM BaJICHTHBIX JJIEKTPOHOB
N(p).

OcHOBHBIM npenMyIecTBoM Merona All B nccnenoBaHun afcopOEHTOB SIBIACTCS H3-
OupaTenpHasi YyBCTBHTEIBHOCTh K MPHCYTCTBHIO B CTPYKType MaTepuaia IyCTOT HaHOpa-
MEpHOro Juana3oHa. MHUKpPOIyCTOTHl MOJIEKYJSIPHOTO pa3Mepa (HAHOIMOPBI) SIBISIOTCS (-
(heKTUBHBIMHU JIOBYIIKaMU IUGOYHAUPYIOIUX B 00beMe MaTepuiIa aToMOB no3utponus (Ps).
DTO MO3BOJSET KOMWYECTBEHHO ompenenuTsh pazmep (R,) m konmentpanuio (N,) HaHOMOP,
COBOKYITHOCTh KOTOPBIX COCTABIISIET TaK HAa3bIBAEMbIil CBOOOAHBIN 00bEM MaTepHaa.

Ipu 3axBate aToMoB Ps B HaHomopb! B kpuBbIX YKAW B o6siacTit ManbIX YIJIoB pasiera
(MeHee 5 Mpaj) MOsIBIISIETCS Tak Ha3biBaeMas "y3kas" kommnoHeHTa Cy, MOMyIIHprHA KOTOPOi
©1/2 3aBUCHT OT pa3Mepa JIOBYLIEK:

R, =16.60/01, - 1.656  (10%cm)

ITomymupuna 0, onpeaensercs u3 dKCepuMeHTanbHoi kpuBoit YKAU ¢ yuetom yr-
JIOBOTO pa3peleHus] yCTaHOBKH O = (WNZ— 1)”2 . InTeHcuBHOCTD y3KOM KOMIOHEHTHI In
TeM Oosibllle, 4eM BhIIIE KOHIEHTpanus jJoBymek Ny. Mcrmonb3ys Tak Ha3pIBaeMyro «MOJEIb
3axBaTa» MO3UTPOHOB, MOXKHO PACCUMTATH KOHIIEHTPALMIO HAHOIIOP — JIOBYIIEK Ps :

Ny=In1 ' {(P/4 - Ix ) R, Dpg 47}
rIe T — BpeMsl JKM3HH ITO3UTPOHOB, P — BeposTHOCTh 00pa3oBaHusi aToMOB Ps, Dps — k03¢ du-
uueHT auddysun Ps B Bemectse.
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POSITRON ANNIHILATION SPECTROSCOPY FOR ATOMIC-ELECTRON
STRUCTURE OF ADSORBENTS STUDY

LI Bardyshev
Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences,
Leninskii pr., building 4, Moscow, 119071 Russia
E-mail: bardyshev@phyche.ac.ru

Wide spreading of nanostructurized adsorption materials in various engineering spheres
defines a necessity of the careful atomic-electron structure study of these objects. In this con-
nection is highly actually to utilize of the high sensitive nuclear physical method based on the
of electron-positron annihilation process characteristics measuring for positrons injected into
material under study (PAS).

In IPCE RAN by PAS method in the course of several years are carried out the studies
of the various types of adsorbents utilized in modern technologies. The data have been ob-
tained about atomic-electron structure of various modification carbon black, activated carbons,
silica gels, zeolites, polymer materials, templates, carbon nanofibres. The hydrogen adsorp-
tion mechanism peculiarities in palladium have been studied.

As the base method the angular correlation of annihilation radiation (ACAR) curves
measuring in 1-D geometry modification has been utilized. ACAR curves is fly angles of hard
(511keV) annihilation gamma quanta radiated when positron annihilation in matter under
study occur C(®). Positron source was 2?Na isotope. As C(®) curves shape depends on the
annihilating electrons wave function, on the base of experimental ACAR curves the momen-
tum distribution of the valent electrons have been calculated.

The main advantage of PAS method for adsorbent study is the high selective sensitivity
to the nano dimensions voids presence in the material under study. The microvoids of mole-
cular dimension (nanopores) are the effective traps of positronium atoms (Ps) diffusing in the
material bulk. It allows to quantitative determine the mean dimension (Ry) and concentration
(Ny) of nanopores. The nanopores totality is so called free volume of material.

When Ps atoms captured into nanopores ACAR curve near small angules (less than 5
milliradians) appeared so called "narrow" component C,, of half widht ©,,, depends on traps
dimention R, :

R, = 16.60/0, — 1.656 (10 cm)
The half width ®,, may be obtained from experimental ACAR curve with due regard for an-
gular resolution of apparatus ©,,= (Wx>— 1)2. The narrow component intensity Iy the more
the more voids concentration N,. With the help of positron "trapping model" one can to cal-
culate the nanopores - Ps traps concentration in the sample under study:
Ny=1Int ' {(P/4 - Iy ) Ry Dp 4n}”!
where 1 — positron lifetime, P - Ps atoms formation probability, Dps — Ps diffusion constant
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HOBBIE AICOPBEHTBI HA OCHOBE CUCTEMBI InSb—-CdS

N.A. Kuposckas
OmcKuil 20cyO0apcmeentblii mexHuvecKuil ynugepcument
644050, 2. Omck, np. Mupa, 11. E-mail: phiscem@omgtu.ru

PaboTa BbINOIHEHA B IIaHE OMCKA HOBBIX aCOPOCHTOB M MaTepUaloB COBPEMEHHOM, B
TOM YHCJIE, HAHO-, CCHCOPHOM TEXHHMKH Ha OCHOBE OMHAPHBIX 1 MHOTOKOMIIOHEHTHBIX IOJIY-
npoBogHUKoB crucreMsl InSb—CdS [1]. TBepasle pacTBOPHI B MOPOIIKOOOPA3HOM U ILIEHOY-
HOM COCTOSIHMSIX NOJyYalH COOTBETCTBEHHO METOJIAMH M30TepMHYecKoi auddusun Gunap-
HbIX koMnoHeHTOB (InSb, CdS) B BakyyMupOBaHHBIX, 3alasHHbIX KBapleBbX ammynax (T =
1273 K) 1 ANCKPETHBIM TEPMHUYCCKHM HAIBUICHHEM Ha Pa3iIHYHbIC MOMJIOXKKH C MOCIEAyIO-
UM TOMOTE€HHM3UPYIOIMM OTXKUIroM. [lis aTTecTaluu BIEpBbIe MOJIYYEHHBIX TBEPABIX pac-
TBOPOB IPOBOJMIM PEHTTCHOIPaQUICCKHE, TepMOrpapuuecKue, MMEKTPOPU3NICCKUE, MUK-
POCTPYKTYpHBIE HcchenoBaHus. KHUCIOTHO-OCHOBHBIE CBOMCTBa M3y4ald METOAAMH THIPO-
JIUTUYECKOH ascopbrmu (onpeneneHne pH M30cOCTOSHNS), MEXaHOXHMMHUH M HEBOJJHOTO KOH-
JYKTOMETPUYECKOr0 TUTPOBaHUs. Ha ocrose penmeenozpaghuueckux uccnedosanuii CAENaHo
3aKimoueHne: uuTepsan pactBopumoctd CdS B InSb cocrasiuser 0 — (3-4) mon %. Ero manyro
HPOTSHKEHHOCTD JIOTUYHO CBSA3aTh C Y9HEPreTHYECKUM M TeOMETPHYECKUM (akTopamMu. DHIO0-
TepMudeckue 3OOEKTH Ha mepmozpammax OTBEUAIOT TEMIIEpaTypaM IUIABICHUS 0OpasIoB;
MPUYMHOM 3K30TepMUuuecKuX 3()(EeKTOB SBISETCS, CKOpee BCero, o0pa3oBaHHME MPOIYKTOB
okucnenus. IlneHkn Bcex M3yueHHbIX KOMIOHEHTOB cucteMbl InSb-CdS umerom nonuxpu-
CIMANIUYecKyl0 CmpyKmypy ¢ HEOTHOPOIHBIM XapaKTepOM PACHPEIENCHHs KPUCTAILIHTOB.
Tlocnennue acconUUpyrOTCsI B arioMepaThl, 00beanHsome 3epHa pazmepom 300-400 A.

Coenacno UK-cnekmpockonuyeckum uccie008anusM, TOBEPXHOCTb KOMIOHEHTOB CHC-
TEMBI, KaK U JIPyTHX alIMa30MoJ00HbIX MOJIYIIPOBOJHUKOB, IPEICTABIICHA IPEHMYIIIECTBEHHO
agcopoupoBanubiMu Mosiekynamu H,O, rpynmamu OH ', CO, u B MeHbIIeil Mepe KHCIOpO/I-
HBIMH U BOZOPOJHBIMH COCIUHEHUSIMH YIJICpO/a.

Hcnonb30BaHHE COBOKYIMHOCTH METOZOB (ompenencHus: pHys,, MEXaHOXHMHUY, KOHIYK-
TOMETpUUecKOro TUTpoBanus, MK-criekTpockonuu) MO3BONMIIO OLEHHUTbh CHITY, KOHIIGHTPa-
LIUI0, TIPUPOJY KUCIIOTHBIX LIEHTOB MOBEPXHOCTH KOMIOHEHTOB cucTeMbl InSb—CdS. 3asucu-
mocmu pHyso = f(Xcas), kax u s = f{xcas), HOCAT dKCTpeManbHbIN Xapakrep:  pHys, Makcu-
MajlbHa, Gs MUHUMaJIbHA J1st TBepaoro pactBopa (InSb)oes(CdS)o,2).

Brusinue 6onee ocnosmwix ceoticme coedunenus muna A'B"(CdS) ma xucmorHo-
OCHOBHOE COCTOSIHHE TOBEPXHOCTH TBEPIBIX PacTBOpoB cucteMbl InSb—CdS noomeeporcoa-
fom pe3yNbTaThl MEXaHOXUMHYECKUX UCCIICA0BaHuil ee OnHapHBIX KoMnoHeHToB (InSb, CdS).
OHM noKa3aJM: B Ipolecce Mexanudeckoro aucnepruposanus InSb u CdS B Bone B o6omx
cllyJasix cpela MOAKUCIIETCs, HO Ooliee 3aMeTHO NpH aucnepruposannu InSb, cBunerenser-
Bysl 0 ero 0ojee KUCIION noBepXHOCTH. CyuecmeenHbiM 0ONOIHEHUEM AGUIUCH Pe3YTbManibl
HeB00H020 KOHOYKmomempuiecko2o mumposanus. OHU TO3BOJIMIM NOATBEPAUTH NPUPOIY U
OIIPEe/IeNIUTh KOHIEHTPAIMIO KUCIOTHBIX LIEHTPOB Ha MOBEPXHOCTH KOMIIOHEHTOB CHCTEMBI
InSb—CdS (oTBeTCTBEHHBIMH 3a KHCJIOTHBIC IIGHTPHl BBICTYMAOT KOOPAWHALMOHHO-
HEHACHIIIICHHEIC aTOMBI, B JaHHOM ciy4ae In, Cd, agcopOupoBaHHBIE MOJEKYJBI BOIBI U
rpynnsl OH'). B menom HaneHHblE 3aKOHOMEPHOCTH HM3MEHEHHUSI KHCIOTHO-OCHOBHBIX
CBOWCTB MMOBEPXHOCTU KOMIOHEHTOB crcteMbl InSb—CdS ¢ cocTaBoM sIBISIOTCS OTpaKeHUEM
0COOCHHOCTEH JIOHOPHO-aKIENTOPHOTO B3aHMMOJCHCTBUS B TBEPABIX pacTBopax. CrhenaHo
MpeABapUTEIbHOE 3aKIII0UYCHIE 0 Hanboiee akTUBHBIX ascopoenTax cucrembl InSb—CdS.

[1]. Kuposckast 1.A. TBeppie pacTBOpbI OMHAPHBIX 1 MHOI'OKOMIIOHEHTHBIX ITOJTYIIPOBOIHUKO-
BBIX cucteM. Omck: M3n-Bo OMI'TY, 2010. — 400 c.
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NEW ADSORBENTS ON THE BASIS OF InSb-CdS SYSTEM

L.A. Kirovskaya
Omsk state technical university
644050, Omsk, avenue of the World, 11. E-mail: phiscem@omgtu.ru

The work is fulfilled in respect of searching new adsorbents and materials of modern, in-
cluding, nano -, and sensor techniques on the basis of binary and multicomponent semicon-
ductors of InSb-CdS system [1].

Powders and films of the solid solutions were prepared by means of accordingly the iso-
thermal diffusion of binary compounds (InSb, CdS) in evacuated sealed quartz ampoules at
1273 K and by discrete thermal sputtering onto various substrates with subsequent annealing.
To validation of the first time received solid solutions performed RXD analysis, thermograph-
ic, electrophysical, microstructural researches. The acid—base properties were studied by hy-
drolytic adsorption (determination of the pH of isoelectric state), mechanochemistry and non-
aqueous conductometric titration

On the basis the results of RXD analysis the conclusion is made: the solubility interval of
CdS in InSb makes 0 - (3-4) mol. %. It is logical to connect its small extent with energy and
geometrical factors. The endothermic effects on thermograms agree with melting tempera-
tures of samples; the reason of exothermal effects, most likely, is the formation of products of
oxidation.

Films of all studied components of InSb-CdS system have polycrystalline structure with
non-homogeneous character of crystallite distribution. The last associate in the agglomerates
uniting grains in the size 300-400 A

According to IR stectroscopy researches, the components systems surface, as well as oth-
er diamond-like semiconductors, is presented by mainly adsorbed H,O molecules, OH groups,
CO,, and in a smaller degree oxygen and hydrogen carbon compounds.

The using of methods totality (determination of the pH of isoelectric state, mechanoche-
mistry, nonaqueous conductometric titration, IR spectroscopy) has allowed to estimate force,
concentration, the nature of acid sites on the surfaces of the components of InSb-CdS system.

Dependences pHis, = f (xcas), as well as o; = f (xcas), have extreme character: pHig, it is
maximum, o; it is minimum for a solid solution (InSb) 03 (CdS) 0,02).

The results of mechanochemistry researches of binary components (InSb, CdS) confirm
influence of more basic properties of compounds of A"B"" type (CdS) on the acid—base condi-
tion of a surface of solid solutions of InSb-CdS system. They have shown: when InSb and
CdS thereof in water were ground, acidification of the medium was observed in both case but
is more appreciable in case of InSb, testifying about its more acid surface.

Nonaqueous conductometric titration results became an essential addition. They have al-
lowed to prove the nature and determine the concentration of acid sites on surfaces of the
components of the InSb-CdS system (coordinatively unsaturated atoms, In, Cd in this case,
asorbed H,O molecules and OH™ groups responsible for the acid sites).

As a whole the found laws of change of the acid—base properties of a surface of compo-
nents InSb-CdS system with composition are reflexion of features donor-acceptor interactions
in solid solutions. The preliminary conclusion about the most active adsorbents of InSb-CdS
system is made.

REFERENCES
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AJICOPBLIMOHHBIE U DJIEKTPOPU3NYECKUE UCCJIEIOBAHUSA
TBEPJBLIX PACTBOPOB (InSh), (CdS):.«

N.A. Kuposckas
OmcKuil 20cyoapcmeentblil mexHuuecKull yuusepcumen
644050, 2. Omck, np. Mupa, 11. E-mail: phiscem@omgtu.ru

Pabora mocBsimieHa BBISCHEHHIO MPUPOJIBI, MEXaHM3Ma aJICOPOIMH, a TAKKE BO3MOXK-
HOCTH IIpUMEHEHHs aficopoeHToB cucteMbl InSb—CdS B kauecTBe 4yBCTBUTEIIBHBIX U CEJIEK-
THUBHBIX IEPBUYHBIX MIpeoOpa3oBarteneii ceHcopos-maturkoB Ha NO, u NH;3[1].

Benuuunbi adcopOyuy Ha3BAHHBIX Ta30B UMEIOT nopsiaok 10°—107 mMons/M?, Hapacras ¢
MIOBBIIIICHUEM TEMIIEPATYPhI U JaBICHUS.

U3zo06aper aocopbyuu a,=f(T) B COBOKYIIHOCTH C PaBHOBECHBIMH M KHHETHYECKHMH
U30TepMaMH aJICOPOLIMU MO3BOJIIOT FOBOPUTH O MPOTEKAHUM HA BCEX KOMIIOHEHTAX CUCTe-
MbI B uHTepBane 273-293 K npenmymecTBeHHO Gu3nuecKoii, a B mHTepBane 293-353 — mpe-
HUMYLIECTBEHHO XMMHYECKO# aicopOum.

Xumuueckyro npupody aocopoyuu ra3oB IOATBEPXKAAIOT BEIUYUHBI TEIUIOT ((q) U SHEP-
ruii aktuBaiyu (E,) agcopOrun, HaliieHHbIE COOTBETCTBEHHO IO YPaBHEHHMIO, IPEAIOKEH-
HOMY aBTOpOM, U ypaBHeHuio C.3. PoruHckoro. YBenudeHue SHEpPruMl aKTUBAIlUH U YMEHb-
LIEHHE TEIJIOThl aACOPOLMH C 3allOJHEHUEM MOBEPXHOCTH CBHUIETENBCTBYIOT O €€ HEOIHO-
POIHOM XapakTepe W NPUCYTCTBHU PA3NIMYHBIX 110 CUJIC aKTHBHBIX LEHTPOB. Ha 310 *ke yka-
3bIBAIOT KPHBBIC HEBOJHOTO KOHJYKTOMETPHYECKOTO THTPOBAHUS M INpPSMbIE M300pa)KeHHMS,
MOJIy4EHHbIE METOJIOM aTOMHO-CHUJIOBOH MUKPOCKOIHUH.

3asucumocmu aocopbyuonnvix xapaxkmepucmux (o, qq, Eq) om cocmasa cuctems
InSb—CdS cBuzeTenbCcTBYIOT 00 y/IOBIETBOPUTENIBHOM COrJIaCOBAHHOCTH UX MEXKIY cO0OW M
C 3aBUCHMOCTSIMU «KHCJIIOTHO-OCHOBHAsI XapaKTEPUCTHKA — COCTaB», «EKTpodusnyeckas
XapaKTePUCTUKA (O, AG) — COCTaBy», YTO BAKHO JUIS 3aKIIOUYCHHS O TPHPOJE aKTHBHBIX LICH-
TPOB U MEXaHU3ME aJICOPOLIMH.

Xapakrep U3MEHEHUs! JIEKTPOIPOBOLHOCTH (€€ POCT) MO3BOJISAET FOBOPUTH O JOHOPHOM
JIEHCTBHH MOJIEKYJI aMMHaka u Auokcuaa azora (IV) , cCOOTBeTCTBEHHO MOJOKHUTEIHHOM 3a-
PSDKEHMHU TIOBEPXHOCTH U MOJATBEPIKAAET NPEIIOKEHHbIE CXeMBbl JOHOPHO-AKLEIITOPHOIO Me-
XaHU3Ma ajcopOImu. 31ech HECOMHEHHBI MHTEPEC IPEJCTABIAET U BHEIIHUI BUJ KHHETH-
YEeCKMX KPUBBIX HM3MEHEHHUS JJIEKTPOIPOBOIHOCTU(KPHUBBIX 3apsDKCHHS IOBEPXHOCTH)
Act = f (t). Ero cxoAcTBO C BHEIIHMM BHJIOM KHHETHMYECKUX KPHBBIX ajcopouun or = f (t)
CBHUJICTEIBCTBYET O IpeoOalaonield POl B KHHETHKE 3apsDKCHUS TOBEPXHOCTH aJcopOIu-
OHHBIX COCTOSIHMI M O TOM, 4TO MOJIEKYJIbI ajcopdara B mpolecce aacopOuuu OJIIOKUPYIOT
AKTUBHbIE LIEHTPbI, OJHOBPEMEHHO OTBETCTBEHHBIC M 3a aJICOPOLMIO, M 33 MOBEPXHOCTHYIO
MPOBOJMMOCTb.

COBOKYIHBIH aHAIIN3 Pe3yJIbTATOB UCCICAOBAHUS aJCOPOIIMOHHBIX, KUCIIOTHO-OCHOBHBIX
U 2JIEKTPOPU3NUECKUX CBOHCTB IOKA3aJl: KaK U Ha JAPYrHX alMa3onoJ00HbIX MOIyIPOBOIHHU-
KaX, aKTHBHBIMU [IEHTPaMH Ha IMOBEPXHOCTH KOMIOHEHTOB cucteMbl InSb—CdS 1o oTHore-
HHUIO K M3y4YEHHBIM Ta3aM SIBIISIOTCS MPEMMYILECTBEHHO KOOPJMHALMOHHO-HEHACHIIICHHbBIC
atomsl (In, Cd), QyHKIMOHANBHAS COCOOHOCTh KOTOPBIX CYIIECTBEHHO 3aBUCHUT OT HX 3(-
(heKTUBHOTO 3apsiia, OMMKANHIIEro KOOPAMHAIMOHHOTO OKPYKEHHUSI.

Ha ocHOBe ye yNOMSHYTBIX 3aBHCHUMOCTEH «KHCIOTHO-OCHOBHAs, aaCOPOLMOHHAS,
3NeKTpoU3UIECcKast XapaKTEePUCTUKA — COCTaB) HaiileHbl HanboJiee aKTUBHBIC aICOPOEHTHI U
COOTBETCTBEHHO (p(heKTUBHBIE MaTepHAIIBI ISl CEHCOPOB-AaTunKkoB Ha NH,, NHs.
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ADSORPTION AND ELECTROPHYSICAL RESEARCHES OF
SOLID SOLUTIONS (InSh),(CdS);. «
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The work is devoted to clarification nature, adsorption mechanism, and also application
possibility adsorbents of InSb-CdS system as sensitive and selective primary converters of
sensors on NO, and NH;3[1].

Sizes of adsorption of the named gases have an order 10°-10"* mol/m?, accruing with the
rise of temperature and pressure.

Adsorption isobars a,=f (T) in aggregate with equilibrium and kinetic isotherms of ad-
sorption allow to speak about availability on all components of system in the range of 273-
293 mainly physical, and in the range of 293-353 - mainly chemical adsorption.

The chemical nature of adsorption of gases is proved by sizes of warmth (q ) and ener-
gies of activation (E ) of adsorption found accordingly on the equation, offered by the author,
and S.Z.Roginsky's to equation. The increase of activation energy and reduction of adsorption
warmth with surface infill testify to its non-homogeneous character and presence of various
on force active sites. The nonaqueous conductometric titration curves and the direct images
received by atomic force microscopy specify on same.

The adsorption characteristics dependences (0, q o E o) with InSb-CdS system composi-
tion testify to their satisfactory coordination among themselves and with dependences «acid—
base characteristic - composition», «electrophysical characteristic (o, Ac) - composition», that
is important for the conclusion about the nature of the active sites and the adsorption mechan-
ism.

The electric conductivity change character (its growth) allows to speak about donor action
of molecules of ammonia and nitrogen oxide (IV), accordingly positive loading of a surface
and confirms the offered schemes of donor-acceptor adsorption mechanism. Here doubtless
interest represents also appearance of kinetic curves of electric conductivity change (curves of
loading of a surface) Ac 1 = f (t). Its similarity to appearance of kinetic curves of adsorption
ar = f (t) testifies to a prevailing role of adsorption conditions in kinetic surface loading and
that adsorbat molecules block the active sites simultaneously responsible both for adsorption,
and for superficial conductivity during adsorption process.

The joint analysis of research results of adsorption, the acid—base and electrophysical
properties has shown: as well as on other diamond-like semiconductors, the active sites on a
surface of components of system InSb-CdS in relation to the studied gases are mainly coordi-
natively unsaturated atoms (In, Cd) which functional ability essentially depends on their ef-
fective charge, the nearest coordination environment.

On the basis of already mentioned dependences «acid-base, adsorption, electrophysical
characteristic - composition» the most active adsorbents and accordingly effective materials
for sensors on NH,, NH; are found.
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NCCJIEIOBAHUE KUCJIOTHBIX IEHTPOB M%Zr0,,
M"-NZP METOJAMH CEJEKTUBHOM AJCOPBLUM U KATAJIU3A

N.N. Muxanenko, A.W. [TemnanHA
Poccuiickuii ynusepcumem opyowcovl Hapooos, Mocksa, 117198, Muknyxo-Maxnas, 6
imikhalenko@mail.ru

IpeioxeHbl METOMMKHM KOMIUIEKCHOTO aJCOPOLIMOHHOTO M KaTAIUTHYECKOTO aHalu3a
AKTUBHOW IOBEPXHOCTH MOAWU(DUIMPOBAHHBIX OKCHAOB U (ocdaToB I HMCCICIOBAHHS
KHCJIOTHO-OCHOBHBIX ¥ OKHUCIIMTEIbHO-BOCCTAHOBUTENBHBIX LIEHTPOB.

Leas pabdorsl — omnpenenuts kuciaoTHele HeHTphl /KI/ moepxnoctn ZrO; u
NaZr,(POs); /NZP/ ¢ unonamu Cu, Au, Ag, Ni, Co, Pd mno agcopbuum nupuauHa u
WHIUKATOPHBIM peakimsm Metoaamu Y D-Bui-criekrpockonuu u xpomatorpaduu.

KII TecTupyroTcs MO aKTHBHOCTH 00pa3loB B 06pa3oBaHMHM KaTHOH-paaukana SH' u3
ajcopbupoBanHoro Ha K1 quamuHa wim kpacutess B MPUCYTCTBUU HadTona. DTH peakuuu
Pa3IMYHON CIIEKTPATbHOM 4yBCTBUTEILHOCTH TTO3BOJISIIOT BBISIBUTH HEOJHOPOIHOCTh LIEHTPOB
Cu™?/NZP, 0TIHYAIOMIXCS CTCTICHBEO OKMCICHHS ME/IH 1 68 JOKAIH3AIHMH B I0pax (KaHAIax
MPOBOJMMOCTH TBEPIOTO JIEKTPOIIUTA).

Ilo xapakTepucTHKaM jaecopOUMU U mpeBpaiieHus aacopoupoBanHbix Cs,Cy-ciupToB
AQHAIM3UPYETCs BIMSHUE NPHPOJBI BBOAMMOIO HOHA HA KHCIOTHO-OCHOBHBIC CBOMCTBa
noBepxHOcTH. Tak, OTHOIIEHHE KOHCTAHT CKOPOCTH JIecOpOLIMH U AeruapaTauny OyTaHona-2
Ha NazMZry(POs)3; M = Co, Cu, Zn wu3MeEHseTCs COIJIACHO 3HAUYCHUSAM MOTCHI[HATA
Boccranonenns E'q v pamiyca nonos r;(M™).

Jlnst noHoB MetaiuoB 1B rpymmsl, HaneceHHBIX Ha ZrO,, ObUIM MOJTy4YeHbI JHHEHHbIC
KOPPEJSIHU — POCT CKOPOCTH aacopOuuu Py Ha cuibHbIX 1 cnadbix KL 1 paBHOBECHOM THO-
GCOBCKOH ancopbiyn Py ¢ ymeHbleHneM 1 0 Elwg B piny Au'—Ag'—>Cu™. B s1om xe
psiny HaGIOaeTCs POCT BHIXOJA MPOAYKTA PEaKLHU JeTHAPUPOBAHUS CIIUPTA, IS KOTOPOi
BaXKHO ydacTHe M™ B depemylomUXcs TPOIECCax OKHCIEHHA-BOCCTAHOBJIECHHS, HATIPHMED,
Cu? o Cu'le Cu.

B ciyuae OMHapHBIX cHUCTEM Cu*%-Pd?/Zr0, [OKa3aHo, 4To HauboJblas o0Ias Ku-
cinoTHOCTE y 06pasia Cu'/ Pd™ =40 ar. %, 1py 5TOM SHEprus aKTHBALWA U YKCIO LEHTPOB
obpazoBanust OyreHa (I)mpoxomsat uepe3 makcumym, a ajist ketona (II) — depes MHHUMYM.
Yucio HeHTPOB NPOMOPLUOHANIBHO MpeAdakTopy 4.

XapakTepHCTHKA 710, Pd"%/Zr0, Cu*?-Pd"Y/Zr0O, | Cu'%/Zr0,
Ancopbrus Py (amois/T) 15,2 20,6 31,1 18,6
E, (), kJ[x/Momb 75 123 131 47
nd (I) 18,2 27,4 28,8 11,6
E, (II), kIx/mMonb 54 13 11 61
In4 (I1) 14,1 52 4.4 15,5
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STUDY OF ACID'S CENTERS OF M**/ZrO, or M*>-NZP BY METHODS OF
SELECTIVE ADSORPTION AND CATALYSIS

L.I. Mikhalenko, A.I. Pylinina
Russian University of Peoples" Friendship, Moscow, 117198 ul.Mikluho-Maklay,6 Russia,
E-mail: imikhalenko@mail.ru

The complex adsorption and catalytic analysis of acid-basic and oxidative-reducing
sites of active surface of modified oxides and phosphates is offered.

The objective of the study is to determine the surface acidity of ZrO, and solid electro-
lyte NaZry(PO4); /NZP/ with ions Cu, Au, Ag, Ni, Co, Pd by means of pyridine /Py/ adsorp-
tion measurements and indicator reactions with UV-VIS-spectroscopic and chromatographic
control.

The acidic properties of the samples were characterized by its activity in semiquinone
SH® formation from diamine, adsorbed on electron-acceptor centers, or in dye formation
reaction in presence of naphthol. These reactions with different spectral sensibility reveal in-
homogeneous acid sites of Cu'?/NZP distinguished by degree of copper oxidation and locali-
zation in pores (conduction channels).

Using the characteristics of desorption and conversions of adsorbed Cs,Cs-alcohols it is
possible to make clear the influence of added ion nature on acid-basic properties of the ad-
sorbents and catalysts surface. Thus, for butanol-2 adsorbed on NazMZr,y(PO4);, where M =
Co, Cu, Zn, the ratio of the desorption and dehydration reaction rate constants changes ac-
cording the reduction potentials E’.q and ion's radius r; (M™?). In the case of supported on
ZrO; metals of 1B group the linear correlations were obtained — the rate of Py adsorption on
strong and weak acid sites, and equilibrium adsorption rise with lowering of r; and E%eq in
row Au'—>Ag"'—Cu'? as well as intensification of dehydrogenation reaction, in which M™
participate in alternating oxidation-reduction stages, for example Cu** <> Cu™ < Cu’.

Among mono- and the binary systems Cu'>-Pd"%/ZrO, the highest total acidity demon-
strates the sample with ratio Cu™/ Pd™= 40 at.%: the activation energy and number of dehy-
dration centers (butane formation -I) have maximum values, but in alcohol dehydrogenation
(ketene formation - IT) — mimimum values. See table, where the number of the centers is pro-
portional by pre-factor 4.

Characteristics 7r0, | Pd™?/Zr0, | Cu™-Pd'YZr0, | Cu'*/ZrO,
Adsorption (Py, nmol/g) 15,2 20,6 31,1 18,6
E, (1), kJ/mol 75 123 131 47
Ind (1) 18,2 274 28,8 11,6
E, (1), kJ/mol 54 13 11 61
Ind (II) 14,1 52 4.4 155
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MYJbTHPE3OHAHCHBIE METObI HCCJIEJOBAHUSA
TOHKUX INOJITUMEPHBIX INTIEHOK

B.H. Cumomnos, O.K. Kpacunsaukosa, H.JI. Matucon b

Hucmumym usuueckou xumuu u 2nexmpoxumuu umenu A.H. @pymxuna
Poccuitickoil akademuu Hayk,
Jlenunckuii npocnexkm, 31, Mockea, 119991, Poccuiickas ®edepayus,
e-mail: VNSimonov@mephi.ru
bHauuonaﬂbenZ uccnedosamenbCKuil I0epHblll YHUGepCUumenm
Mockoeckuil uHdceHepHo-husudeckutl uHCmumym,
Kawwupcroe wocce, 31, Mockea 115409, Poccuiickas Pedepayus, e-mail: nata-
lia. matison@gmail.ru

TpaauOHHO B KBapLIEBBIX MUKPO- M HAHOBECAX MCIIOJIb3YETCs JIUIIb OJTUH, MAKCUMYM
JIBa 4aCTOTHBIX pe3oHaHca. OJJHAKO B KaXK/IOM IbE30PE30HATOPE CYIIECTBYET MHOXECTBO pe-
30HAHCOB YNpPYruX KojeOaHuil mbe3odieMenTa. VIConb30BaHHe CUCTEMbI aKyCTHIECKHX pe-
30HAHCOB Pa3IMYHBIX (opM KoJeOaHU IS U3MEPEHUSI UMEET PSJl CYIECTBEHHBIX MPEHMY-
LIECTB IepeJ] TPAJAULMOHHBIMU TEXHOJIOTHSIMU. B naHHOM paboTe Ui WILIIOCTPALMU BO3-
MOYKHOCTEH MYJIBTHPE30HAHCHOTO METOJa MPHBOJSATCS PE3yJbTaThl UCCIIEAOBAHUI HEKOTO-
PBIX CBOIMCTB TOHKHX XHTO3aHOBBIX IUICHOK C HCIIOJb30BAHMEM CHCTEMBI U3 OJJHOTO MU He-
CKOJIBKMX aKyCTHYECKHX PE30HAHCOB OJIHOTO MJIM HECKOJIBKHMX IbE303JEKTPHIECKUX PEe30Ha-
TOpOB. B mepBoM HcclieIOBaHHH U3YYallOCh BIIMSHHE TEMIEPATYphl Ha H30TEPMBI COPOLIUU
napoB Bojbl. OHO MPOBOAMIIOCH C MTOMOIIBIO CHCTEMBI H3 TPEX PE30HATOPOB: TEPMOCTAOMIIb-
Horo pe3oHatopa AT-cpesa (4985 kI'1) ¢ uccnenxyeMoi MICHKOW, TEPMOCTaOHIBHOTO Pe3o-
Haropa AT-cpesa (5010 xI'y) ¢ BIarouyBCTBUTENbHON IIIEHKON nonu-e-kanpoamuaa (BP) u
TepmodyBcTBUTENbHTO pe3oHaropa (TP) LC-cpesa (5000 xI'm). BmarouyBcTBHTENBHBIH 1
TEPMOUYYBCTBUTEIbHBIA PE30HATOPHI MPEABAPUTEIBHO OBLIM OTKAJIMOPOBAHBI 110 OTHOCH-
TENIbHON BIQXKHOCTH U TeMIieparype. Bce Tpu pe3oHaTopa moMenaniuch B OJHH OIOKC U pac-
MOJIATAJINCh B HETMOCPEACTBEHHOH OJIM30CTH IPYT K IPYTy, YTO 00ECIEeUnBAIO Ul PE30HATO-
POB BBICOKYIO CTCIICHb UACHTUYHOCTH TEPMOAUHAMUYCCKUX yCJ'lOBPIi;I. ﬂﬂﬂ 3aJaHusA OTHOCH-
TEJIbHON BJIQKHOCTH HCIIOJNB30BAIIKCH BOAHBIC PACTBOPHI COJiel (M30MHECTUYECKUIH METOJ).
JInst mostyyeHus IUICHOK MPUTOTABIUBAJICS PACTBOpP XHTO3aHA B YKCYCHOM KHCJIOTE B KOH-
uenrtpauu ot 0,01 1o 0,1%, Kamist KOTOPOro HENOCPEICTBEHHO HAHOCHIIACh HA TIOBEPXHOCTh
pe3onaropa. TonuHa MOJYYEHHOH MOCIE MCIAPEHUs] PACTBOPUTEINS IUICHKH PAaCCYMTHIBA-
J1ach 10 U3MEHEHHMIO 4acToThl Af, pe3oHaropa, Becy Karum, e€ IIOoIaan 1 3a1aHHON KOHIIeH-
Tpauuu u coctasisuia ot 90 HM 10 4,5 MkM. TTocie BBICYIIHBAaHHS TIIIEHOK OIOKC C KBapIEBbI-
MH pe30HATOpaMH U 33aI0LIMM BJIaXKHOCTh PACTBOPOM ITOMEIIAJICS B TEPMOCTAT.

Jlpyras MyJIbTUpE30HAHCHAsh cHcTeMa Oblla MCIIONb30BaHA JUIL MCCIEAOBAHMS
nporecca JecopOlry BOIbl M3 CBEKCIPUTOTOBICHHOW IUICHKH XHTO3aHa, a TakkKe s
OLICHKM HM3MEHEHHUs BO BPEMEHH MOJYJsI YNPYroCTH IUIGHOK XHTo3aHa. [ljust 3TOro Tpu
KBapLeBbIX pe3oHaTtopa AT-cpe3a qacToToir 0OcHOBHOTO pe3oHanca 9970 xI'11 ¢ HaHeCEHHBIMH
Ha MX MOBEPXHOCTh CBEXKHMH IUIEHKAMH XHUTO3aHA MOMELIAINCH B OIOKC C IPEIBApUTEIBHO
NpOKaJICHHbIM cuiukareneM. Cpa3dy Iociie HaHECeHUs IUICHOK OIOKC 3aKphIBAICS H
repmeru3upoBaics. Ilo 3HAueHMSIM PE30OHAHCHBIX YacTOT TapMOHHMKOBBIX KOJIeOaHHUMH
paccumThIBaIaCh Macca M MOAYJb CIBHIa MaTepHaia IUICHKH. MI3MepeHus MpOBOIUINCH C
HHTEPBAJIOM OT HECKOJBKHX MHHYT M 4YacOB JI0 HECKOJBKHX CYTOK B TedueHHe Mecsua. B
JIOKJIA/Ie PUBOJSITCS PE3YIIbTATHI UCCIICIOBAHUSL.
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MULTIRESONANCE METHODS OF INVESTIGATION OF
THIN POLYMER FILMS

V.N. Simonov, O.K. Krasilnikova, N.L. Matison®
Frumbkin Institute of Physical Chemistry and Electrochemistry of Russian Academy of
Science, Leninskii prospect, 31, Moscow, 11999, Russian Federation,
e-mail: VNSimonov@mephi.ru
®National Research Nuclear University, Moscow Physical Engineering Institute,
Kashirskoe sh., 31, Moscow, 115409, Russian Federation,
e-mail: natalia. matison@gmail.ru

Traditionally, the quartz micro- and nanobalance uses only one or at most two frequency

resonance. However, in each piezoelectric resonator there is a set of elastic vibration reson-
ances. The use of different acoustic resonance modes for measurement has some significant
advantages over conventional technologies. In this paper, to illustrate the possibilities of the
multiresonance method the results of investigations of some properties of chitosan thin films
using a system of one or more acoustic resonances of one or more piezoelectric resonators are
presented. The first study examined the effect of temperature on sorption isotherms of water
vapor. It was carried out using a system of three resonators: resonator thermo stable AT-cut
(4985 kHz) to study film, thermo stable AT-cut resonator (5010 kHz) with moisture recording
film from caproamid (BP) and thermo sensitive resonator (TP) LC-cut (5000 kHz.). Moisture
and thermo sensitive crystals were pre-calibrated to estimate relative humidity and tempera-
ture. All three were placed in the cavity a weighing bottle and placed in close proximity to
each other, which provided for a high degree of identity resonators thermodynamic condi-
tions. Aqueous solutions of salts were used to specify the relative humidity (isopiestic me-
thod). To get the films prepared solution of chitosan in acetic acid at a concentration of 0.01
to 0.1%, a drop which is directly deposited on the surface of the cavity. The thickness of the
resulting films after solvent evaporation was calculated from the change in the frequency of
the resonator Afa, weight drop, given its size and concentration, and ranged from 90 nm to 4.5
microns. After drying, the films in the weighing bottle with a resonators and humidity set
point solution were placed in the thermostat.
Another multiresonance system was used to study the process of water desorption from the
film of freshly prepared chitosan, and to estimate changes of the elastic modulus of the chi-
tosan films in time. For this three quartz resonators of AT-cut fundamental resonance fre-
quency of 9970 kHz with fresh chitosan films on their surfaces were placed in a weighing bot-
tle with a dried silica gel. Immediately after the deposition of films weighing bottle was her-
metically sealed. From the values of the resonance frequencies of oscillations harmonics cal-
culated mass and the shear modulus of the film material. The measurements were made at in-
tervals of several minutes or hours to several days in a month. The report presents the results
of the study.
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©®OPMUPOBAHHUE INOJUMEPHBIX IINIEHOK HA KPEMHUEBBIX
NOAJOKKAX B IPOHECCE IVIASMOXUMHWYECKOHU ITOJIMMEPU3AIIMA
B CMECAX METAHA C PA3JIMYHBIM COAEP)KAHUEM HEOHA U APTOHA

n.B. COJ‘I,ILaTOBaI, B.A. Korenes’
Tocydapcmeennoe obpasosamensioe yupeacdenue Mockosckuii 20¢y0apemeerbiii uHdycm-
puanvuwiii ynusepcumem, ' OY MT'HY,
e-mail: IVSoldatova@rambler.ru
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um. A. H. @pymruna PAH, 119991, 2. Mockea, Jlenunckuii np-m, 0. 31
e-mail: kotenev@phyche.ac.ru

[Inenku, momydeHHbIE MIA3MOXMMHYECKON MOJMMEpH3aluell Ha TBEPAOH MOIIOKKE,
MOTYT 00J1a/laTh YHUKAIBGHBIMH, [IEHHBIMH JUISl IPAKTHYECKUX TIPUMEHEHHH CBOWCTBAMU: XU-
MHYECKOH CTOMKOCTBIO, KOTOpasi COYETACTCS C BBICOKOW 3IaCTHYHOCTHIO M IPOYHOCTHIO K
yrpyruMm aeopMaiisiM, XOPOIIUMH  ONTHYECKUMHU H 3JIeKTPOPU3NIECKUMU MapaMeTpaMmHu,
IIPY OTHOCUTEJIBHOW MPOCTOTE MX MOJYYEHHS. DTHU IUICHKH HAIUIM IIHPOKOE NPUMEHEHHUE B
Pa3IMYHBIX OTPACISAX IPOMBIILICHHOCTH.

B nannoii pabote uccienoBanoch GOpMUPOBAaHHE U CBOWCTBA MOJUMEPHBIX IJICHOK Ha
KPEMHHEBBIX ITOJUIOKKAX B TIpoliecce IUIa3MOXMMHUUECKOl moimnMepu3annu B cMecax CHy ¢
pa3INYHBIM COZEp’KaHNEM HHEPTHBIX ra3oB. s 3TOro B TICIOIIEM pa3psie IOCTOSHHOTO
ToKka B cMmecsix Ar + Ne + CHy B nuanmazone nasnenuit 13 + 520 Ila u TokoB paspsina 5 +
100 MA onpenensuMch: TeMIeparypa rasa, HalpsHKEHHOCTH MPOAOJIBHOTO 3JIEKTPHYECKOTO
0TI, ”HTCHCUBHOCTH M3ITy4deHust TuHUH atoMoB Ne (3p — 3s), atomoB Ar (4p — 4s), auHUH
n3TydeHns atoma pogopona H,, H R H, cepun bansmepa, koHueHTpanun atomos Ne, Ar,

u H B MeTacTaGHIIBHBIX U PE30HAHCHBIX COCTOSHHAX, KOHIIGHTPAI[MH aTOMapHOTO BOJOPOJA,
CKOPOCTH pOCTa MONUMEpHBIX MeHoK. Mertonom MK-crekTpockonuu aHann3upoBajcs Co-
cTaB (OPMUPYEMBIX MOIUMEPHBIX IUIEHOK. [IpoBOAMIOCHE MaTeEMAaTHYECKOE MOJEIUPOBAHUE
pa3psAOB B YKa3aHHBIX YCIOBHSAX. Pe3ynbTaThl pacdeToB CpaBHUBAINCH C 3KCIIEPHMEHTANb-
HBIMH JaHHBIMU.

IToka3aHo, 4TO MEXaHU3M IPOLECCOB, MPOUCXOIANIMX B ILUIA3ME TaKUX Pa3pszioB, Cy-
[IECTBEHHO 3aBHCUT OT COOTHOLICHHUSI B CMECH KOHIIEHTpaluii Ne u Ar, 4TO MPUBOAMT K Ka-
YECTBEHHOMY OTJIMYHUIO B COCTABE IUICHOK, BHIPALLICHHBIX B OJMHAKOBBLIX JaBJICHHUSAX U TOKaX
paspsza, a TaKKe K Pa3IMddsIM B CKOPOCTAX POCTa TaKHX ILICHOK. IIpu mccienoBaHuH mIpo-
IIeCCOB IIa3MOXHMMHYECKOH MOMMMEPU3AlMH B IUICHKOOOPA3yIOIHX CMECSIX C Pa3IMYHBIM
conepkanueM Ar u Ne, ObUIO IIOKa3aHO, YTO IUIEHKH, BBIPAILIEHHBIE B CMECAX C OOJIBIINM CO-
nepxkanueM Ne (98%), SABISIOTCS XOPOIIO CIIMTBIMH, CTAOMJIbHBI BO BPEMEHU, HO MMEIOT
HEBBICOKYIO CKOPOCTB pocTa. IlneHkH, BrIpallieHHBIE B CMECsX ¢ OOJNIBIIUM COJepKaHueM Ar
(98%), He SABIAIOTCS XOPOLIO CLIIMTHIMHU, HECTAOMIIBHBI BO BPEMEHHU, HO CKOPOCTh POCTa MO-
JMMEPHOHU IVICHKH B TAKHX CMECSX 3HAYUTENBHO BbIe. [IneHky, BeIpamieHHbIe B cMecu 50%
Ar +49% Ne + 1%CHa, sBasiroTcs 6ojee ciMThIMU, 4eM B cMecu 98%Ar + 1%Ne + 1%CHL,,
U UMEIOT OOJIBIIYI0 CKOPOCTh pocTa, yeM B cmecH 98%Ne + 1%Ar + 1%CH,. ITokasano, uro
BapbUPYs COOTHONIECHHE aproHa M HEOHAa B CMECSX C METAHOM, MOXKHO JOOUThCSA HyXKHOTO
COOTHOIIEHHUS MKy KaueCTBOM H JIOITOBEYHOCTBIO BHIPAIIICHHOH IJIEHKH M CKOPOCTBIO e
pocra.
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FORMATION OF POLYMER FILMS ON SILICON SUBSTRATES
IN GLOW-DISCHARGE PLASMA IN MIXTURES OF METHANE
WITH VARIOUS CONTENT OF NEON AND ARGON

L.V. Soldatova, V.A. Kotenev®
“Moscow State Industrial University, Russia
e-mail: IVSoldatova@rambler.ru
?Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences,
Leninskii pr. 31, Moscow, 119991 Russia
E-mail: kotenev@phyche.ac.ru

Discharge in the mixtures of CH4 with inert gases with hydrogen and small (a few per-
cents) admixtures of hydrocarbons attracts great attention. This is due to the wide application
of hydrogen plasma for treatment of the surfaces of various materials and also possibility of
using hydrogen plasma in the mixtures with hydrocarbons to obtain polymer, diamond, and
diamond-type coatings. DC glow discharges, HF, and UHF were used to solve these problems.
In the present work formation of polymer type films on silicon substrate in glow—discharge
plasma in mixtures of methane with neon and argon was investigated. The temperature of gas,
the intensity of the longitudinal electric field; absolute concentrations of Ne, Ar, and H atoms
in metastable and resonance states; the intensity of bands corresponding to the transitions of
Ne (3p—> 3s), Ar (4p—4s), the intensity of the H,, H ; u H, band of the Balmer series and

the growth rates of polymer films were experimentally measured in the pressure range P =
13-520 Pa and discharge currents 5-100 mA in the mixtures of Ar + Ne + CH4. Composition
of polymer films was analyzed with the help of the IR spectroscopy method.

Mathematical simulation of discharges under the given conditions was performed. The
calculation results were compared to the experimental data. It is shown that the mechanism of
the ionization and dissociation processes in discharges with mixtures containing various ratio
of concentrations Ne and Ar differ considerably that significantly affects the rate (and film
composition) of the film formation processes.

It was obtained, that glow—discharge plasma in mixtures of methane with argon and
considerable (98%) content of neon results in cross-linked polymer films with low rate of
growth, but high stability. Contrariwise, considerable (98%) content of argon results in
poorly cross-linked polymer films with high rate of growth, but low stability. The films,
grown in mixtures of 50% Ar + 49% Ne + 1%CH,4 are more cross-linked, than in mixtures
98%Ar + 1%Ne + 1%CH4 and have more increased rate of growth, than in mixture 98%Ne +
1%Ar + 1%CHj. Therefore, regulating the concentration ratio of argon to neon in the mixture
with methane, it’s possible to obtain polymer films with necessary rate of growth, quality and
stability.

299



HNOBEJEHUE HEMOHOI'EHHBIX IOBEPXHOCTHO-AKTUBHbBIX BEIIECTB
HA MEK®A3HOW 'PAHUIIE

A K. Bypsk, A YO. Dibrekos”
Vupeowcoenue Poccutickoti Axademuu Hayx Huemumym usuueckoil Xumuu u 21eKmpoxumuu
um. A.H. @pymrxuna PAH, 119071, Jlenunckuii np. 31, Mocksa,
Poccus, e-mail: A.Eltekov@gmail.com

AncopOuyst TOBEPXHOCTHO aKTHBHEIX BelecTB (IIAB) U3 BOXHEIX paCTBOPOB UTPAET BaXKHYIO
POJIb B pa3HBIX TEXHOJIOTHYECKHX Tpolieccax. XapakrepHbiM ajist [TAB siBisiercst ux crmoco6-
HOCTb 00pa30BbIBATh arperaTbl Ha Mex(a3HON IpaHuLe NPU KOHLUESHTPALHUSAX BbILIE KOHICH-
Tpauuu mMunemtooodpasosanus (KKM). braaronaps coeit ambuduinbHO npupoe MOJIEKyJIbl
[TAB nipu copOipin Ha TOBEPXHOCTU 00Pa3yIOT pa3InvHbIe CTPYKTYPhI CIIOCOOHBIE U3MEHUTH
HPHUPOY MOBEPXHOCTH (3apsill, THAPOGHUIBHOCTH\rHAPOGOOHOCTH). MHOrO padoT ObUIO HO-
CBAIICHO M3YYCHUIO aJCOPOIMH Ha OTKPBITHIX MOBEPXHOCTAX (IpaduT, KPEMHEBBIC IIACTH-
HBI), B TO BpeMsl KaK M3YYCHHUIO aicOpOLMM B MOPaxX W3y4EHO 3HAYUTEIBHO MEHBIIE, XOTS
copOuust B IOPUCTHIX TeaX UMEET NPAKTHYCCKOE 3HAYCHHUE, HAIIPHMEp B IIPOLECCE OUUCTKH,
a TaKKe CTaOMIN3allU HAHOCHCTEM.

B nanHo#i paboTe Mo cpefcTBaM HECKOIBKUX BAPHAHTOB JKUAKOCTHOI XpomaTtorpaduu Obuin
M3y4YeHbl COPOLMOHHEIC CBOWCTBAa HenoHOreHHoro ITABa, oxrunrerpaokcustuneHa (CsEy),
HOPHUCTHIMU KpeMHE3eMHBIMU copOenTamu SBA-15 (dy= 6 uMm) u MCM-41 (d,= 3 uM). b
M3y4YeHbl TeMIIepaTypHbIC 3aBUCHMOCTH W BIHMSHHE Auamerpa mop Ha copbumio ITABa Ha
MexdasHoii rpaHuLe Bola-TBEPIOE TENO.

beuta ompezneneHHa KOHIGHTpAlWsl Hadyajla MHUIEIUIOOOpA3OBaHHS B IOPAaX HCCIETYEMBIX
copOeHTOoB. By paccunTaHbl OCHOBHBIE ITAPAMETPBI M30TEPMBbI ICOPOLMU: KOHCTaHTa [ eH-
pu 171 06J1aCTH MaJIbIX KOHIIEHTpaLuii, u3MeHeHue cBoboaHoM sHeprun ['nd6ca. bouia onpe-
JIeJIeHHa TeMIlepaTypHasi 3aBUCHMOCTb M BIMSIHHE pa3Mepa I0op Ha COpOLMOHHBIE CBOWCTBA
KpeMHe3eMoB. M3 TemnepaTypHbIX 3aBUCHMOCTEH Ul 00JACTH MalbIX KOHLEHTPALMI ObLIM
paccUUTaHbl SHTAIBIIMY IPOLECCa aACOPOLUH.
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INTERFACIAL BEHAVIOR OF NONIONIC SURFACTANT
STUDIED BY CHROMATOGRAPHY

A K. Buryak, A.Y. Eltekov*
Institute of physical chemistry and electrochemistry Russia academy of science
119991, Leninsky pr. 31, Moscow, Russia,  E-mail: A.Eltekov@gmail.com

Adsorption of surfactant for aqueous solutions plays a crucial role in various technological
processes. The most important features of surfactant solution is an aggregation of mononers at
interface at the concentration “just above” critical micelle concentration (CMC). Due to their
amphiphilic nature, surfactants being adsorbed on surface are able to change the nature of the
surface (e.g. charge, hydrophobic\hydrophilic). In recent papers the adsorption onto flat sur-
faces has been widely studies. However, the adsorption into porous media has been studied
much less probably due to complexity of the task. Although, adsorption in porous media plays
important role in industry and pharmacy (e.g. purification processes, stabilisation of nanopar-
ticles).

In this paper we report study of adsorption of nonionic surfactant n-octyl tetraoxyethylen glu-
col onto mesoporous silica SBA-15 (d,= 6 nm) and MCM-41 (d, = 3 nm) from aqueous solu-
tions at two temperatures (25 and 45 °C). The influence of temperature and pore diameter
onto adsorption of surfactants has been studied. The critical surface aggregate concentration
(csac) has been determined for both systems at two temperatures. The differential enthalpy of
adsorption has been elucidated from temperature dependence of adsorption. From low con-
centration region the free Gibbs energy and Henry’s law constant has been estimated.
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MAPAMETPUYECKHU PE3OHAHC B CHCTEME OBPATHBIX MHUIIEJLI,
COJEPXKAIIMX HAHOYACTHUIBbI CEPEBPA. YUCJIIEHHOE
MOJEJHUPOBAHHUE U DKCIIEPUMEHT

L Toiuk', A.A. PeBuHal’z, O.B. CyBopOBaz, B.M. Ky3bMPIH3, A.D. l"a;l3a033,
J.K. BenameHKo4, A.H. CI/IpeHKo4
IHHcmumym Qusuueckoti xumuu u snekmpoxumuu um. A.H. @pymxuna PAH,
119991, 2. Mocksa, Jlenunckuil npocnexm, 0.31, Inm@phyche.ac.ru
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*Mockosckuii 20¢ydapemeennbiti uHCMUMym paouomexuuKi, S1eKMpoHUKI U d8mMOMAMUKY,
119454, 2. Mocksa, npocnexm Bepnaockoeo, 0.78
4Haz4uonaﬂb1—tbnl mexnonoeuyeckutl ynugepcumem "Mockogckuil uncmumym cmanu u cnia-
606", 119049, 2. Mocksa, Jlenunckuii npocnekm, 0.4

B 4ncneHHBIX SKCIIEpUMEHTaX ¢ MarkdecKMMH KiacTepamu cepebpa (MoJieKyJsipHas -
HAMHKa, MOJENb IIOrPY>KEHHOTO aToMa) OOHApY)KeH CTAlMOHAPHBIA PEeryJspHBIH pexuM
JIBIDKEHMST aToMOB [1]. MeTogom 0000IIeHHBIX CABUTOBBIX (pyHKIMiA [2] mpoBeneH aHamm3
JIBIDKEHMs1 aTOMOB B Kiactepax (147, 309 u 561 aTom) ¥ BBISIBICHBI OYTH-TIEPUOABI ME/IJICH-
HBIX JIBUKEHUH, XapaKTepU3YIOLIUe PeslaKCallMOHHbIE CBOWCTBA KJIACTEPOB. DTH PE3yJIbTATh
MO3BOJIMIIM TIOCTaBUTh OOLIYIO 3a/ady MOKMCKA MapaMeTPOB BHEIIHMX CUTHAJIOB M3 Pa3HBIX
YaCTOTHBIX HUANa30HOB, C HOMOLIBIO KOTOPBIX BO3MOKHO BIMSATH Ha CBOWCTBA HAHOYACTHIL, B
YaCTHOCTH, Ha MX CIICKTPaJIbHbIC XapaKTEPUCTHKH.

IIpoBenensr sxcnepumentsl mo meroxay J.H.Haconosa [3], B Xxome KOTOpBIX HcciemoBa-
JIOCh BO3JICHCTBHE aKyCTHYECKOro curHaia (ypoBeHb ~140 05) pa3Hoii yacToThl Ha 0OpaTHO-
munensipayto cucremy (OMC) AgNO3/H,O/AOT/u300kTan/Qr, coaepskalryto HaHOYaCTHIIBI
cepebpa, CHHTE3UpOBaHHBIE IO MeToy [4,5]. OnpeneneHs! KPUTHYECKUE YAaCTOThI aKyCTHYE-
CKHMX CHTHAJIOB, Bo3/eicTBHE KOTOphIX Ha OMC npuBOIMIN K CMELIEHHIO TOJIOC B CIIEKTPax
onruyeckoro nornomeHuss OMC nocie 06paboTKH 110 CPaBHEHUIO ¢ KOHTPOJIBHBIM 00Pa3LIOM.
Haiinena mikana, CBSI3bIBaIOIIasi 4aCTOTHI BHEITHEr0 aKyCTHYECKOTO CHTHAJIA € [UTHHAMU BOJIH
CIIEKTPOB OINTHYECKOTO IMOIJIONIEHHs, Ha KOTOPBIX BO3MOXKEH OTKJIMK KOJUIOMJHBIX CHCTEM
Pa3IN4HON MPHUPOJIBL.

Paboma noodepoicana PODPHU epanm Ne 11-03-00740-a.
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PARAMETRIC RESONANCE IN THE SYSTEM OF REVERSE MICELLES
CONTAINING NANOPARTICLES OF ARGENTUM. COMPUTER SIMULATION
AND EXPERIMENT
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In the computer simulations with magic clusters of argentums (molecular dynamics, em-
bedded atom model) there has been found a steady regular regime of atomic motion [1]. The
method of generalized shear functions [2] was used to perform the analysis of atomic motion
in clusters (147, 309 and 561 atoms) and to identify the almost periods of slow movements
characterizing relaxation behavior of clusters. These results have allowed to set the general
task of conducting the search of parameters of external signals from different frequency
ranges which provide the possibility of influencing the properties of nanoparticles, in particu-
lar, their spectral characteristics.

Experiments according to the method of D.N. Nasonov [3] were held to investigate the im-
pact of an acoustic signal (level ~140 dB) of different frequencies on the reverse micellar sys-
tem (RMS) AgNOs/H,O/AOT/isooctane/Qr, containing nanoparticles of argentum synthe-
sized according to the method [4, 5]. Identified were the critical frequencies of acoustic sig-
nals that made an impact on RMS causing fringe shift in the specters of RMS optical absorp-
tion after processing compared to control sample. There has been found the scale connecting
frequencies of the external acoustic signals with wavelengths of optical absorption specters on
which the colloid system response of different nature may be possible.

1t is a pleasure to acknowledge financial support of the Russian Foundation for Basic Re-
search (project no 11-03-00740).
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MNPUMEHEHUE METOJA TUOJAHO-JTA3ZEPHOM CHEKTPOCKONIUH
JUIAA AHAJIM3A CTPYKTYPbI U COPBIIMOHHBIX CBOUCTB
CYJb®UJHBIX MUHEPAJIOB
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M3MepeHne KOHIIEHTPALMOHHBIX PEJIAKCAllMOHHBIX KPUBBIX T'a30B B MpoLEcce aicopo-
MU IIHPOKO HCIOJB3yeTCsl Ul M3y4YeHHsl IMOBEPXHOCTH TBepibiX Tes. B paborax YPAH
NO® PAH pa3paboran MeTo] Tra30BOI pPENaKCOMETPHUH, COYETAIOMIUN METO] 00BEMHOTO
aHaJM3a W JIMOJHO-JIA3EPHBIN CHEKTPaJbHBIH CII0COO0 MOHMTOPHUHIa KOHIIEHTpAaLUH COpOu-
pyeMoro BOJSIHOTO mapa. JIMIONIBHBINA XapakTep MOJICKYJIbI BOJbI MPEIONPEICIISIeT e CHlb-
HOE B3aMMOJICHCTBHE C MOBEPXHOCTHIO TBEPAOrO TENA, YTO BBIPAKACTCS B CPABHHUTEIBHO
HU3KOW CKOPOCTH PacHpOCTPaHEHHs MOJIEKYJ BOABI B aJCOPOCHTaX W HIMPOKOM Pa3MBITHH
BBIXOJHOM KPUBOM.

B noknane npeacTaBieHbl pe3ynbTaThl UccienoBaHus d(deKTa BIUSHUS MOIIHBIX Ha-
HOCEKYH/IHBIX UMITyJIbcOoB (MOMMU) Ha CTPYKTYpHO-XMMHYECKHE U aJICOPOLIMOHHBIC CBOMCT-
Ba IIOBEPXHOCTH HYaCTHUIl CyIb(PUIHBIX MHHepanoB (mupporuHa Fe .S u menrnanmura (Fe,
Ni)9Sg) ¢ ucmonp30BaHUEM METO/Ia THOAHO-Ia3epHOl cnekrpockonuu (JJIC).

TIpeaBapHTeIbHON AIEKTPOMATHHTHON MMITYJIbCHOM 06paGortke (MOMMU: E~107 B/um;
t(umn) ~ 10 He, Ua ~30-50 kB; Wym~ 0.1 JIk; wactoTa ciemoBanust ummynbcoB 100 I'i)
IO/IBEpPTaJINCh MUHEpaJIbHbIE IPOOBI Maccoi 2 I, HOMELICHHbBIE B BHJEC PaBHOMEPHO pacIpe-
JIEJICHHOTO CJIOS B MEXDJIEKTPOAHOE MPOCTPAHCTBO IeHEpaTopa UMITYJILCOB. Pa3smep wacTuig
coctaisin -0,16 +0,08 MM; MPOAOIKUTEIBHOCTh 00PabOTKH M3MEHsIach B auana3oHe ot 0
10 100 c. Jlnst oneHKH cOpOLMOHHOM (TIOTIIOTUTENIBHOM) CIIOCOOHOCTH MUHEPAIbHBIX YaCTHUI]
ucnonp3oBanu Meroxa JJIC. [lpoBoamnn u3MepeHne KOHIEHTPAIMH BOJSHOTO IMapa BOIH3H
00pa3oB cynbphua0B B quanasoHe napiuanbHeix qasinenuit 0,001 Topp — 20 Topp co ckopo-
cTbio 10 10 M3M/c, T.e. perucTpupoBaiyM HaJeHUE AABJICHHS BOJSHOTO Iapa B ONTHYECKOW
KIOBETE MPH KOHTAKTE ¢ MUHEPAIbHBIMH YaCTHLIAMH.

Bpemennass ¢opma yMEHBILCHHS JaBJICHHS MOJEKYJ BOJISHOIO Iapa 3aBHcela OT
CTPYKTYPHO-XHMHUYECKOTO COCTOSIHHS IIOBEPXHOCTH MUHEPAJIbHBIX YacTHI. C HCIIONB30BaHHU-
eMm UK-Dypbe CreKTpOCKOMHH U3MEPSUTHCh CIEKTPhl HHPPAKPACHOTO OTpaXkeHHs 00pa3ioB
NHPPOTHHA M NIEHTIAHUTA B Auanasone 600 — 4000 cm™'; METoI0M aTOMHO-CHIIOBOI MUKPO-
CKONMU B TOIXyKoHTakTHOM pexume (maarpopma MHTEIPA Ilpuma, HT-MIT; HOLL
UITKOH PAH) uzy4anu ocobeHHOCTH pernbeda MoBepXHOCTH MUHEPAJIOB.

TTo nanabiM MK-CHEKTPOCKOIHH TOBEPXHOCTH MUPPOTHHA B HCXOAHOM COCTOSIHUH ObI-
J1a OKHCJICHA U YaCTHYHO MOKPbhITAa TOHKOH T'MIPOCKOIMYHON IICHKON 0e3BOAHOrO cyibgara
skene3a FeSOy (II). B pe3ynbrate anekTpoMarHuTHOW 00paboTKu HAOMI0AaI0Ch 00pa3oBaHHe
cynbdaro xenesa (III) u popmupoBaHue IUIOTHON HU3KOPa3MEPHOW IUICHKU CyJsb(ara xe-
ne3a (II). B omane oT nuppoTrHa MOBEPXHOCTH MEHTIAHINTA B HCXOJHOM COCTOSHHUHN ObliIa
NPAKTUYECKH HE OKUCIEHA. DJIEKTPOMMILYJIbCHOE BO3JIEHCTBHE BBHI3BIBAIO 00pa3oBaHHE Ka-
HaJIOB 3JIEKTPUYECKOr0 MPO0O0sI U MPOAYKTOB OKHCIECHHS IOBEPXHOCTH IEHTIAHIWTA, Ipe-
HUMYLIECTBEHHO Cylb(aToB ixerne3a (1), 1okann3oBaHHBIX Ha BHICTYMAIOIINX YYaCTKaX MUHE-
pajbHBIX YacTHL (peOpax U BEepIIMHAX KPUCTAIUIOB). Y CTAHOBJIEHO, YTO C YBEIMYECHHUEM JJIH-
TENILHOCTH 00pabOTKH yMEHBILIAETCS XapaKTepHOEe BPEeMsl T PEaKCallMOHHOIO IIpoLecca yc-
TaHOBJICHHS aJICOPOLIUOHHOTO PAaBHOBECHSI.
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APPLICATION OF DIODE LASER SPECTROSCOPY TO ANALYSIS OF
STRUCTURE AND SORPTION PROPERTIES OF SULFIDE MINERALS
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’A.M. Prokhorov General Physics Institute Russian academy of sciences, GPI RAS, 38, Vavi-
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Measurements of gas concentration-relaxation curves during adsorption are widely used
to study the surface of solid bodies. Gas relaxometry combines volumetric analysis and diode
laser spectroscopy to monitor the sorbed water vapor concentration (A.M. Prokhorov GPI
RAS). Due to its dipole character, a water molecule interacts intensely with a solids surface;
this is expressed in the relatively slow speed of the water vapor’s distribution in the adsor-
bents and the blurring of the elution curve.

This work studies the effect of high-power (high-voltage) nanosecond impulses
(HPEMP) on the adsorption properties of disperse particles in semiconductive sulfide miner-
als (pyrrhotite Fe; S and pentlandite (Fe, Ni)Sg) by means of diode laser spectroscopy. Min-
eral samples 2 g in weight were subjected to preliminary electric impulse processing (HPEMP:
E ~10" V/m; 1 (imp) ~ 10 ns;  (front) ~ 1-5 ns; Ua ~30-50 kV; W(imp) ~ 0.1J; impulse fre-
quency, 100 Hz). Samples were placed as a uniformly distributed layer in the interelectrode
space of an impulse generator. The size of the pyrrhotite and pentlandite particles was -0.16
+0.08 mm. The duration of processing varied from 0 to 100 sec.

Diode laser spectroscopy was used to assess the sorption ability of the mineral particles.
The water vapor concentration was measured over the sulfide samples under a partial pressure
0f 0.001-20 torr at a rate of up to 10 means/sec. Drops in the water vapor pressure were regis-
tered in the optical cell when contact was made with the mineral particles.

The temporary drop in the pressure of water vapor molecules was in dependence on the
structural condition of the surfaces of the mineral particles. In this investigation, the infrared
reflection spectra of pyrrhotite and pentlandite were measured in the range of 600—4000 cm™!
at room temperature using a Nexus Thermo Nicolet FT-IR spectrometer, while the relief of
the mineral surface was studied by atomic force microscopy in the tapping mode on an Inte-
gra Prima platform (NT-MDT).

According to the IR-spectroscopy data, the initial pyrrhotite surface was oxidized and
partially covered with a thin hygroscopic film of water-free FeSOy iron sulfate (II). Electro-
magnetic processing followed by oxidation of the sulfide surface led to a smoothing of the
characteristic pyrrhotite peaks (530 cm ™, 600 cm™, and 650") with the simultaneous forma-
tion of iron sulfates (III) and the further formation of a compact thin film of iron sulfate (II).
In contrast to pyrrhotite, the initial pentlandite surface was virtually unoxidized. Electric im-
pulse action led to the formation of electric breakdown channels and products of surface oxi-
dation (largely iron sulfates (II)) localized in protruding segments of mineral particles (the
edges and tips of crystals).

It seems likely that the presence of the hygroscopic iron sulfate film (II) on the pyrrho-
tite surface, its enlargement and compaction as the time of electric impulse processing rose,
led to an increase in the intensity of water vapor absorption relative to the control sample and
the pentlandite particles. This hypothesis was confirmed by the increase in the processing
time reducing characteristic time t of the relaxation of the adsorption equilibrium.
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®U3UKO-XUMHUYECKHUE CBOMCTBA BOJIHBIX PACTBOPOB
BPOMUJIA HETUJITPUMETHJIAMMOHUA

T.I'. MoBuan, E.B. ITnoTHukoBa
Vupeowcoenue PAH Uncmumym ¢huzuueckoti xumuu u snekmpoxumuu um. A.H. @pymkuna
PAH, 119991 Mocksa, Jlenunckuii np., 31, email: movchan@phyche.ac.ru

M3yueHne cTpyKTypHBIX M3MEHEHHUI MUILIEIUT IOBEPXHOCTHO-aKTHBHBIX BelecTB ([TAB)
1, B 4acTHOCTH, Opomuia nerwiarpumermwiammonns (BL[TA), npencrasnser HaydHbIH 1 Tpak-
THYecKui uHTepec. HayuHblil nHTEpec 00yCIOBIIEH HEIOCTATOYHOCTBIO KaK TEOPETHUECKUX,
TaK M SKCHEPUMEHTAJIbHBIX JJAHHBIX O pa3Mepax M (Gopme MHULEIUT B LIUPOKOH 00JIacTH KOH-
LEHTpAli U TEMIIEpaTyp, a MPaKTUIECKUH — IPUMEHEHHEM, HallpUMep, B Ka4eCTBE KOMIIO-
HEHTA IIPHU MOJTYyYSHUH ME30IIOPHCTHIX MaTEePHAIIOB.

HecMmoTpst Ha 3HaUMTENbHOE YMCIIO UCCIIEAOBAHUI pacTBOPOB MHIEIIO00PA3yIOMIUX
ITAB, B TeopHu Iepexoa MHUIEIUT U3 OJHOI (OPMBI B IPYIyIO OCTAaeTCA €Ie MHOTO Hepe-
LIEHHBIX BOMPOCOB, TpeOyromux cBeaeHuit o noseaexuu [1AB. Onpeneneane KKM B pac-
TBOpax MOHHBIX IIAB ocHOBaHO Ha (pUKCHPOBAHMHM TOUYEK H3JIOMA B KOHIEHTPALIMOHHBIX
3aBUCHMOCTSIX psifia TapaMeTpOB.

B nacrosieit pabote MeTOAaMH KaNWIUIIPHOW BHCKO3MMETPHH, KOHAYKTOMETPUH H
Y ®-crieKTpOCKOIUH UCCIIEIOBAHO MOBEAeHHEe MULEIUIIpHBIX pacTBopoB (BLITA) B mmpoxoii
o6mactu Temmeparyp (27-60°C) n xonnenTparii (10°-0.4M).

TMonyuennoe npu temneparype 27°C snauenne KKM; = 9,5.10* M 6IM3KO K JaHHBIM
Jpyrux aBTopoB: (8-9,8):10™M. DKCIEpPHMEHTAIBHO OBHAPYKEHb KOHIICHTPALIMOHHbIC HH-
TepBaJIbl HEIMHEHHOTO U3MEHEHHSI COOTBETCTBYIOIIHUX (PU3UKO-XUMHUYECKUX CBOMCTB MHUIIEI-
JSIPHBIX PAacTBOPOB OpoMHuza LETWITPUMETHIAMMOHHMS, OTPAXKAIOLIME MPOLECCH Mepexona
cdepuueckux MULEIUT B MHLE/UIBI MHOH (opMbl. Pesynbrarsl nccnenoBaHuii oOHapy KU
HapyIIeHHE JTUHEWHOCTH Ha KPUBBIX #ory = fl¢) mpu koHueHTpamwsx 0.2-0.4M B obmactu
Temmepatyp 27-60°C. Ha 3aBHCHMOCTAX 9KBMBAIIGHTHOM dIeKTpornpoBoxHocTr [4 = f(NC)]
BLITA B 061acTu CTpyKTYpHBIX NEPEXOJOB MHLEI 0OHApYKeHbl MakcuMyMsbl. Kpome Toro,
Obutk Haiimensl mapameTpsl murieiun BIITA npu pa3smuuHbIX KOHIIEHTPALMSX PacTBOPOB, B
TOM 4YHUCIIC, KO3(1)(I)I/ILII/ICHT CBA3bIBAHUSI MULICJIUT TPOTUBOUOHAMU.

AHOMabHBIE MAaKCHMyMBI Ha KPHUBBIX SKBUBAJCHTHOH 3JIEKTPOIPOBOJHOCTH HaOIIO-
Janich padee [4] wis BoaHbIX pacTBopoB noxermicyinbdara vatpust (JJCH) u BLITA B 06-
nactu nepsoit KKM. IMosiBnenye yka3aHHOr0 MakCUMyMa aBTOPBI CBSI3bIBAJIM C BOSHHUKHOBE-
HHEM MEeTacTabMIBbHBIX MHULEIUI C BHICOKOH CTENeHbI0 HOoHM3auu. B pabore [5] Teopermue-
CKH 00OCHOBaHO BO3HMKHOBEHHE MAKCHMYMa Ha KOHLIEHTPALMOHHOH KPHBOW SKBHMBAJIEHT-
Holt anekrponpoBoanoctu [TAB mis obnactu nepsoit KKM. Hannune makcumyma Ha KpH-
BOH [4 = f(\/C)] BOIHBIX pacTBOpoB BLITA, BO3MOXHO, TaKKe CBA3aHO C NEPBOHAYAIBHBIM
00pa30BaHKEM BBICOKOIIPOBOISIIMX MHLIEII, HO y’Ke aCHMMETPHYHBIX 110 (hopMme.
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PHYSICAL AND CHEMICAL PROPERTIES AQUEOUS SOLUTIONS
OF THE BROMIDE CETYLTRIMETYLAMMONIUM
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The investigation of structural changes of surfactant micelles and, in particular, bro-
mide Cetyltrimetylammonium (CTAB), is of scientific and practical interest. The scientific
interest is caused by the lack of both theoretical and experimental data on the micelle size and
shape in a wide area of concentration and temperature. The practical interest is induced by the
practical application of CTAB, for example, as a component for obtaining mesoporous mate-
rials.

In spite of the considerable number of researches micellar aqueous solutions of the sur-
factant, in theory of transition of micelles from one form to in other are many more unsolved
problems, requiring items of information on the behavior in area of CMC. The definition of
CMC in solutions of ionic surfactants is based on the fixation of salient points in concentration
dependence of some parameters.

In this work we have studied by methods of a capillary viscosimetry, conductome-
try and Uf-spectroscopy of water solutions CTAB in wide area of temperature (27-60°C) and
concentration (107°-0.4M).

Obtained at the temperature of 27 surfactant, equal CMC; to 9.5%10* M is close to
the data (8-9,8)«10“M of other Authors. The concentration area indicating the process of
micellar transition was experimentally discovered for water CTAB solutions. Results of re-
searches have found out infringement of linearity on curves 7,1 = f (¢) at concentration 0.2-0.4
M at the temperature 27-60°C. On dependences of equivalent conductivity [A = f(NC)] of
CTAB in the field of the structural changes maxima are found out. The micellar parameters
of CTAB solutions of different concentrations including, degrees of counterion binding mi-
celles have also been found.

Abnormal maxima on the curves of equivalent conductivity were observed earlier [1]
for water solutions Dodecylsulfat sodium (DSS) and CTAB in the field of the first CMC. Au-
thors connected occurrence of the specified maximum to occurrence metastable with high de-
gree of ionization micelles. In work [2] occurrence of a maximum on the concentration curve
of equivalent conductivity of Surfactants for area of the first CMC is theoretically proved.
Presence of a maximum on the curve [A = f (VC)] water solutions CTAB, probably, also is
connected to initial formation metastable with high degree of ionization micelles, but already
asymmetric under the form.

REFERENCES
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HU3YYEHUE AJICOPBIIMHU A30TA HA KOMIIO3UTHBIX CUCTEMAX
MOF-5/KAJIMKC[4]APEH
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Meramnoopranndeckue kapkacHsie cTpykrypbl (MOFs) npencrasisitor coboii mopuc-
ThI€ KPHCTAUINYECKUE KOOPANHAIIMOHHBIC TTOJIUMEpBI, 00pa30BaHHbIE HOHAMH METajlla U Op-
TFAaHUYCCKUMHU JIMTaHJaMH. Han60nee U3YYCHHBIM Ha Cel"O)lHHLLIHI/lﬁ JACHb NPEACTAaBUTCIIEM
3TOro Kjacca COeIUHEeHuH sBisercst crpykrypa MOF-5 - TpéxmepHbIil KOOpIMHALMOHHBIH
MOJIUMEP Ha OCHOBE MOHOB Zn* 1,4-6en30nankapOoKkcuIaTHbIX JuranaoB. K Hacrosiemy
BpemeHn MOFs 3apexomeH0BaIM ce0st B MEPBYIO O4YEpe/lb, KAK MEPCIEKTUBHBIC CHCTEMBI
JUIS XpaHEHUS U pa3/ieIeHHs Ta30B.

Lenbto HacTosimed pabOThI SBISIETCS U3Y4EHHE a[COPOLMOHHBIX CBOWCTB MO a30Ty
CHUHTE3UPOBAaHHBIX KOMIO3UTHBIX cucteM MOF-5/kanukc[4]apen. Kanukc[4]apensr ¢ pas-
JIMYHBIMA 3aMECTHUTEIISIMH (pHC.) OBLIN BBEJICHBI IIPU CUHTE3€ in Sit B KAPKACHYIO CTPYKTYpPY
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BecoBoe cogepxaHne KaaukcapeHa, % MOF-5. Okazanocs, 4to ajncopOuu-
OHHas EMKOCTb 10 a30Ty KOMIIO3UT-

HBIX MaTrepuajioB CYLIECCTBEHHbIM 06p3.30M 3aBUCUT OT CTPYKTYpbl BBOJAMMOI'O Ka-
nHKc[4]apeHa u ero BecoBoro cojepxanus B oopasue MOF. IIpu HeOONbIINX conepsKaHUIX
(o 3,0-6 Bec%) kamukc[4]apeHOB yaelbHAS MOBEPXHOCTH AJIs KOMIIO3UTHOTO 00pasia Bo3-
pacraer o cpaBHeHHIO ¢ ucxonHbiIM MOF-5 ~ Ha 400 M?/T HE3aBHCHMO OT THIIA 3aMECTHTE-
neil B kanmkc[4]apeHe. JlanpHeiee yBenMueHne cojepKaHHe Kanukc[4]apeHa B oOpasie
NPUBOJUT K CHIDKEHHIO YJEIbHOI MOBEPXHOCTH, IPH 3TOM /I MeHee OOBEeMHOro Ka-
nkc[4]apena K HabmrogaeTcsi pe3koe CHI)KCHHE M3MEpseMOro 3HaueHHs STOH XapakTepu-
ctuky. Tak, npu 5KBUMOJISIPHOM oTHOLIeHHH Kanukc[4]apen K : MOF-5 (mpu cuHTe3e KOM-
HO3UTHOH CHCTEeMbI) HaOmonaeTcs majgeHue Sy,. oT 2320 M%/r 10 168 M*/r. D10 MOXKeT yKa-
3bIBaTh Ha, [0 KpaiHEH Mepe YacTHYHOE, 3al0JHEHHE MOJIeKyJlaMy Kaiukc[4]apeH K mosoc-
Teit MOF-5. [Ipu BBenennu kamukc[4]aperos ¢ Gonee o6bemubvu 3amectutensvu (K, K™ u
K,cN) YACIbHAS [OBEPXHOCTh OCTACTCS BBICOKOH (~ 1840 M/T) maxe IPH SKBHMOISPHOM
otHomeHun kanukc[4]apen : MOF-5. Oty naHHble MOTYT yKa3bIBaTh Ha TEMILIATHBIH dddexT

IPOCTPAHCTBEHHO-3aTPYAHEHBIX KalnuKc[4]apeHoB IpH (pOPMHPOBAHUU MOPUCTOH CTPYKTYPHI
MOFs.
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INVESTIGATION OF N; ADSORPTION ON THE MOF-5/CALIX[4]ARENE
MATERIALS

E.V. Afonina, V.I. Isaeva, G.I. Kapustin, L.M. Kustov
Institute of Organic Chemistry
119333, Moscow, Leninsky prospect 47
E-mail: sharf@ioc.ac.ru, AfoninaEV.msu@gmail.com

Metal-organic frameworks (MOFs) are the porous crystalline coordination polymers
composed by metal ions and organic ligands. MOF-5 is the most studied system among that
class of compound. It is a three-dimensional coordination polymer based on Zn*" ions- and
1,4-benzenedicarboxylate ligands. Presently MOFs are considered as the perspective systems
for gas storage and separation.

Our work was aimed at N, adsorption properties of the synthesized composite systems
MOF-5/calix[4]arene. Calix[4]arene with different substitutes (Figure) were introduced in situ
in the MOF-5 framework during the synthesis. The re-

markable dependence of the adsorption capacities of the R R
3000
2500 A \
o X f\_\’m} X
= 2000 | - EMOF-5 O, ' OROR,
3
“§ 1500 - | | BEKs K: R=H, R1=CH2COOH; X~ CH2
H Ks: R=H, R1=CH2COOH; X=S
E B Ks+ Ks+:R=1-Bu, R1= CH2COOH; ¥=8
§ 1000 - = - KesCN Ks+CN: R=t-Bu. R1=0CH2CN; X=S§
4 s (1,3- alternate)
500 - - oK Cuipusi s i the ca-
lix[4]arene structure and its
0 weight content in the MOF
sample was observed. In case of
‘Weight content of the calix|[4]arene, % the low loaded samples (below
3 - 6 weigt % of calix[4]arene)

the specific surface area in-
creases in comparison with the same parameter measured for parent MOF-5. This increase is
about ~ 400 m?g regardless of calix[4]arene structure. The further increase of the ca-
lix[4]arene content leads to specific surface area diminution. The much pronounced decrease
of this characteristics is observed for less bulky calix[4]arene K. At the equimolar ratio ca-
lix[4]arene K : MOF-5 (under synthesis conditions) the specific surface area decreases from
2320 m*/g to 168 m*/g. Probably it indicates at least partially filling the MOF-5 cavities by
the calix[4]arene molecules. In case of calix[4]arenes with bulky substitutes (K, Ks" 1 K¢ cn)
the specific surface areas are high (~ 1840 M%/r) even at equimolar ratio calix[4]arene : MOF-
5.

The results of our work show the template effect of the steric hindranced ca-
lix[4]arenes on the formation of MOF-5 porous structure.
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AJICOPBIHMOHHOE TECTUPOBAHUE IMUPUIUHOM KUCJOTHOCTH
MOBEPXHOCTHU ®OCPATHBIX KATAJIM3ATOPOB Na(1.29)MZr2(PO4)3

E.N. IloBaposa, A.W. [Ieumuanna, N.1. Muxanenko
Poccuiickuii ynusepcumem Opyowcovl Hapooos, Mocksa, 117198, Muknyxo-Maxnas, 6
E-mail: imikhalenko@mail.ru

CocraB cnoxHbBIX oprodochaToB IHMPKOHHS, HU30CTPYKTYPHBIX JABOHHOMY (ocdaty
NaZry(POy4)3 /NZP/, nerko BapbHpOBaTh, 3aMellasl IMOJHOCTHIO WM YacTHYHO HMOHBI Na' un
Zr**. Coenmuenns cemeiicrBa NZP oTHocsTCS K tBepabM anektposutam NASICON u
NPOSABIIAIOT KAaTAJIUTHYECKYHO AKTHBHOCTHL B PEAKLHUAX KHCJIOTHOIO W OKHUCIUTCIbHO-
BOCCTaHOBUTENILHOTO THHA. TpoiiHbie ocharsl ObUIH MONYYEHbI HAMHU 30J1b-TelIb METOJIOM C
HOCHEIYIONIMMH  TepMOOOpabOTKaMHM TPU BBICOKMX TEMIlepaTypax s CTaOHIn3anuu
ctpyktypsl NASICON (naHHBIE peHTIeHO(a30BOI0 aHAIIN3A).

Leap paGoThl — ONPECIUTH COACPKAHHE THTPYEMBIX IO aJCOPOLMU MHPHUANHA
kucnoTHbIX nentpoB NZP ¢ M= Co', Ni*?, Cu™? 1o u mocne katanusa.

AJICOPOLIMIO PAacCUMTHIBAIIN 10 W3MEHEHHIO KOHIIEHTpauuu Py B pacTBOpe remrase,
ompenensieMoii Ha ocHoBaHuM Y® crekTpoB Py mocie BbAepXKUBaHHsS aacOpPOLMOHHBIX
cuctem mpu 6,=25°C (24 4) u t,=60°C (0,5 u). IToBBILICHHE TeMICPATYPbl CIOCOGCTBYET
i dy3ur MOJEKYJT TECT-BEIIeCTBa K IIEHTpaM, PACIOJOKEHHBIM B HAHOMOpax — KaHallax
nposogumoctd NASICON. 3nauenue y >1, mokasplBaeT pocT ancopOuuu 3a Cuér
3aII0JTHEHUS TaKHUX IIEHTPOB.

0 Ancopbuus Py, mMxmouns /1
Cocrosnue obpasua | tagc. C
x=0,125 x = 0,25
Cu Co Ni Cu Co Ni
L. Jlo karajau3a 25’ 14 16 21 38 6 16
60’ 15 18 21 71 32 56
II. Mocae katammsa | 25° 7 14 14 8 14 11
JeruapupoBanue 60° 16 6 15 40 48 47
criupTa
L 1,1 1,1 1,0 1,9 53 3,5
o rerw 23 | o6 | n1 | so | 34 | a3

W3 naHHBIX TaOJIHIBI BUIHO, YTO YHCIIO KHCIOTHBIX IIEHTPOB, TUTPYEMBIX MpH 25 °C, B
citydae ucxoAubix 0opasuos (1), yBenmuuBaetcs ¢ poctoM Xy Toabko aist Cu-NZP, vo mpu
MOBBIILIEHUH TeMIepaTypbl ancopOuust Py Bo3pacTaeT B HECKOIBKO pa3 MpH MEepexone OT
cepun x = 0,125 k cepun x = 0,25. Jloast KUCIOTHBIX LEHTPOB, PACIIOIOKEHHBIX B IIOpaXx,
3aBHCHUT OT IPHPOIBI BBOJMMOTO B KaTHOHHYIO uYacTh NZP HWOHa, ero KomuuecTBa H
NPOBEJICHUs KAaTaIMTHYECKHX omnbIToB. J[o karaimmsa y Bospacraer B psgy Cu—Ni—Co
obpasuos cepun Xp = 0,25, HO mocie katanu3a Hanbonbiiee 3Hadenue Yy Cu-NZP (psin Co
—Ni—> Cu). [lonyueHnsle qaHHbIC OBUIM HCIOJIB30BAHBI MPHU OOCYKICHUH aKTHBHOCTH W
CEJIEKTUBHOCTH KaTaJIM3aTOPOB Kiacca MoauduinpoBaHHsix Na-Zr-docdaros.
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ADSORPTION TESTING BY PYRIDIN OF SURFACE ACIDITY
OF PHOSPHATE CATALYSTS Na(.29MxZr2(POy)3

E.L. Povarova, A.L. Pylinina, 1.I. Mikhalenko
Peoples Friendship University, ul. Miklukho-Maklaya 6, Moscow, 11719, Russia

pylinina@list.ru

Variation of the composition of the complex zirconium’s orthophosphates, isostructur-
al to double phosphate NaZr, (PO)3; /NZP/, is easy through full or partial replacement of the
Na' and Zr*" ions. NZP-compounds are the solid electrolytes of NASICON- family and
proved to be active catalysts of acid- and red-ox — reactions. The complex phosphates were
prepared using the sol-gel method with thermal treatments for structure NASICON stabiliza-
tion (data X-ray phase analysis).

The aim of this study was to determine the number of acid centers (electron acceptor
sites) on the surface of NZPs with added M2 =Co" Ni%, Cu™ before and after catalysis that
are titrated by adsorbed pyridine (Py).

The adsorption values were calculated from changes in the concentration of Py which
was determined by recording the UV spectra of its heptanes solutions at t,=25°C (24 h) and
t,=60°C (0,5 h). The temperature rise is favored for the diffusion of pyridine molecules into
NASICON's nanoporous conductivity channels. The value y >1 shows the increase of ad-
sorption due to the filling of such sites.

CocrosiHne obpasia tads. °C Py adsorption, pmol /g
x=0,125 x=0,25
Cu Co Ni Cu Co Ni
L. Before catalysis 25" 14 16 21 38 6 16
60’ 15 18 21 71 32 56
1. After catalysis 25° 7 14 14 8 14 11
alcohol dehydrogenation 60° 16 6 15 40 48 47
I L1 1,1 1,0 1,9 53 3,5
I y=T(tz) / T(t) 2,3 0,6 L1 5,0 34 43

It can be seen from table that the number of acid centers, titrated at 25 °C, increases as
xm grows only for initial sample Cu-NZP, but with temperature rise the number augments in
several times in compassion series with x = 0,125 and x = 0,25. The fraction of internal acid
sites depends on the nature of ion, introduced in cationic framework NZP, its content and cat-
alytic procedures. Before catalysis y increases in row Cu—Ni—Co for samples with xy =
0,25, but after catalysis the greatest value y was obtained for Cu-NZP (row Co—»>Ni—Cu).
Taking into account this data the analysis of activity and selectivity for modified Na-Zr-
phosphates catalysts has been carried out.
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9JIEKTPOHO-UOHHOOBMEHHBIE MEMBPAHBI HA OCHOBE
IFEKCAHUAHO®EPPATA MEJU

M.B. 3I/IJ'H>6epMaH1, H.B. XOIIHHIGBZ
"' Vpanvckuii 20cyoapcmeentvlil HAy4yHO-UCCLe008AMENbCKULL UHCIIUMYN PEUOHATILHBIX DKO-
noeuyeckux npoonem e.llepmo, 614039 Komcomonvckuil np., 61a,
e-mail: zilberman@ecology.perm.ru
ZHepMCKuIZ 2ocydapcmeernnvlil mexHuyeckuti yhupepcumem 614990, 2. Ilepmv, Komcomonn-
ckutl np., 29, e-mail: vw@purec.pstu.ac.ru

HonooOMeHHBIE CBOMCTBa Tekcaranodepparos d-2eMEHTOB W3BECTHBI TaBHO [''] U B
CBOE BpeMsi ObUIM OOBEKTOM MHTEHCHBHOTO M3YYCHHS B CBS3HM C HPOOJICMaMH U3BJICUCHHS
MaJIBIX KOJIMYECTB HOHOB PYOHINS, IE3Hs U TAIUTHS U3 CIIOXKHBIX TI0 COCTABY PACTBOPOB.

VccnenoBaHus OKHCIHTEIbHO-BOCCTAHOBHUTEIBHBIX CBOICTB 3THX COCAWHCHHM, BBI-
nonuennsie B 70 — 80 rojax HpOILIOro Beka, IOKA3alM TECHYIO CBA3b MEKIY CTEHEHBIO
OKHMCJIEHHS JKeJIe3a U KOJIMYECTBOM OOMEHHBIX KATHOHOB B COCTaBe rekcannanodepparos [V].
ITpumMepHO B 3TO ke Bpemst ObL1a OTpabOTaHa TEXHOJIOTHUS MOTyYSHHE KOMITO3UIIMOHHBIX Ma-
TEPHAJIOB HA OCHOBE TecaluaHo(eppaToB M MOJIUMEPHBIX CBA3YIOMMX. JTa TEXHOJIOTHS I10-
3BOJIMIIA CO3/aTh OCMOTHYECKH YCTOMYMBBIE TPAHYILITHL ['] M MaTepHANbl LI HOHOCENICK-
THBHBIX 71eKTpos10B [*]. B HacTosuieli paboTe 9Ta TEXHOIOrUs ObLIA MCIIONB30BAHA ISl M3~
TOTOBIICHHS MEMOpaH Ha OCHOBE reKcanuaHodeppaTa MeJIu.

KoHcTpykTHBHO HccieqoBaHHbIE 00pa3ibl MEMOpaH MpeACTaBIsUIN co00i TPpyOKH ana-
MeTpoM 25 MM, BBIIIOJIHCHHBIC U3 CTCKJIOTKAaHH, IPONUTAHHON CycIeH3uell rexcanuaHodep-
paTa MeIu B pacTBOPE alleTHINEIUIIONO3b! B quMeTmnaneramuse. C BHYTpeHHeH U BHEIIHEH
CTOPOH 3THX TPYOOK OBLITH BBIMOIHEHBI TOKOCEEMHHUKH U3 YTIEPOAHOTO BOJIOKHA.

HccnenoBanue 3JIeKTPONPOBOAHOCTH HMOIYYSHHBIX MEMOpaH [OKa3alo, YTO MX MPOBO-
ZIMMOCTB 00YCIIOBIIEHA TIEPEHOCOM OTHOBAJICHTHBIX KATHOHOB B Tejle MeMOpaHsl. [[BIKymieit
CHJION 3TOTO MEePeHOCa SBISICTCS PA3fIMUe CTCNCHEH OKMCIICHUS HOHOB jKejie3a MO pasHble
CTOPOHBI MEMOpPAHbI B COOTBETCTBUH C YPABHEHUEM MOLYPEAKLIUH:

KCu, ;Fe"(CN); = K" +Cu, ;Fe" (CN), +e

BbU10 BBISIBIICHO, YTO HCCIEI0BAHHbIE MEMOPAHbI 00JIANAI0T 3HAYUTEIBHOM HIEKTPHIe-
CKOM €MKOCTBIO, YTO OOBSCHSACTCS TEM, YTO B XOJE NEepeHoca 3apsija BOSHHKAET I'PAaIUCHT
CTCIICHU OKHCJICHHSI HOHOB JKENe3a, HAPABICHHBII BIOJIb JIEKTPHISCKOTO IO,

TToka3aHo, 4TO MCCIICAOBAHHBIE YCTPOHCTBA MOTYT HCIIONIb30BATHCS, B YACTHOCTH, KaK
TOIUIMBHBIE 3JIEMEHTHI, TIPe0OPa3yIOIIHe SHEPTHIO OKUCITHTEIEHO-BOCCTAHOBUTEIBHON peak-
LUK B JJICKTPUYECKYIO SHEPIUI0, XapaKTEPHOH 0COOCHHOCTHIO KOTOPBIX SBIISCTCS HEKPUTHY-
HOCTb K TOMY, KaKasi UMEHHO Iapa OKHCINTEIb — BOCCTAHOBHTEINb UCIOJIB3YETCsl B Ka4eCTBE
HCTOYHUKA SHEPTHU.
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ELECTRON ION - EXCHANGE MEMBRANES
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Ion-exchange properties of d-elements ferrocyanides have long been known [1], and at one
time were the subject of intensive study in connection with the problems of extracting small
amounts of rubidium, cesium and thallium ions from the complex composition solutions.

Study of redox properties of these compounds, performed in the 70s—80s of the last century,
showed a close connection between the degree of iron oxidation and the amount of exchange-
able cations in the composition of ferrocyanides [2]. Around the same time the technology of
producing of composite materials based on ferrocyanides and polymer binders was worked
out. This technology allowed to create osmotically stable granulates [3] and materials for ion-
selective electrodes [4]. In this research the technology has been used for membranes produc-
tion on the basis of copper ferrocyanide.
Structurally examined samples of the membranes were tubes with a diameter of 25 mm, made
of fiberglass impregnated with a suspension of copper ferrocyanide in a solution of acetylcel-
lulose and dimethyl acetamide. Carbon fiber collectors were made at the inner and outer sides
of those tubes.
Investigation of electrical conductivity of the obtained membranes showed that their conduc-
tivity is due to the transfer of monovalent cations in the body of the membrane. The moving
force behind this transfer is the difference between oxidation states of iron ions on opposite
sides of the membrane according to the formula of half-reaction:

KCu, ;Fe"(CN), = K" +Cu, ;Fe" (CN), +e”

It was found that investigated membranes have a significant electrical capacitance,
which is explained by the fact that during the charge transfer gradient of the oxidation rate of
iron ions, directed along the electric field, occurs.

It is shown that the studied devices may be used, inter alia, as fuel elements that convert the
energy of the redox reaction into electrical energy, a characteristic feature of which is noncrit-
icality to which exactly pair of oxidizing - reducing agent is used as a source of energy.
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®UBUKO-XUMUUYECKUE CBOMCTBA U AICOPBIIUOHHASI AKTUBHOCTh
HAHOPA3SMEPHBIX YHACTHI PYTEHUSA U POAUA B OBPATHO-
MUIEJUIAPHBIX PACTBOPAX

A.A. PeBuna, M.A. Kysuenos, C.A. byces, B.U. 3onorapeBckuit
Hucmumym usuueckou xumuu u snekmpoxumuu um. A.H. @pymxuna, PAH, Mocksa,
E-mail: alex_revina@mail.ru

HOJ'Iy'-ICHHLIC paHee [1] BBICOKHC 3HAYCHUA y[[eJ'ILHOﬁ KaTaTUTHYECKOM aKTMBHOCTH HAHO-

KOMIIO3UTOB Ha 0cHOBE | ]-Al,O3 (« TPUITHCTHHK») M HAHOYACTHI] PYTEHHS B OTHOIIEHHH Pe-
aKIMil H30TOMHOr0 0OMEHa B MOJIEKYJIIPHOM BOJOPOAE TMOKa3aji NePCIEKTHBHOCTD MPAKTHU-
YECKOro NPUMEHEHHs HaHOYACTHI] PA3INYHBIX METAJUIOB IUIATHHOBOM TPYIIIbL.

B nanHoii pabote mpencraBieHbl pe3ysbTaThl MmonydeHus HaHoudactul pyrenus (HY Ru) u
pomus (HY Rh) B o6paTHO MunemrapHeIx pactBopax 0.15M AOT B u300KTaHe Ipu pa3inud-
HBIX 3Ha4eHUsIX Kod¢duuuenta comodunuzaimu [H>O]/[AOT], wy, B anamazone ot 1 mo 10.
Beutn ucnonb3oBaHsl [Ba MeTona cunTeza HY (JrabopaTopun HaHOKOMIO3UTHBIX MaTepHAaIOB
«O0O0 Jlanakom»): paduayuonno-xumudeckuti (RadChem) - BoccraHoBIE€HHE HOHOB MeTall-
JIOB COJIbBATUPOBAHHBIMU JJIEKTPOHAMM M PaAMKaIaMH, 00pa3yIOIUMHUCS NPU BO3AEHCTBUU
HoHM3MpYIomero uanydeHus [2] u xumuyeckuti Mmeron (Chem) - B IpUCYTCTBHH BOCCTaHO-
BUTEJISL U3 TPYIIIBI TETEPOLUKIMISCKHX COSIMHEHHH, TIPUPOJHBIX TIMTMEHTOB - (hi1aBOHOHMIA
[3].

CHeKTpbl ONTHYECKOro NorioumeHus MuneusipHbix pactsopos HU Ru u HU Rh, ucxonnsix u
ocjie KOHTaKTa C afiCOPOCHTOM, PErHCTPHUPOBAIH B auana3oHe aauH BoiH (190 — 900) HM
pu ucnons3oBanun crekrpoporomerpa U-3310 «Hitachi». IlpoBenen aHann3 crieKTpoB
OINTUYECKOTr0 MOTJIOIEHHS U Pe3yIbTaTOB H3MEPEHHI MEeTOAaMU aTOMHO-cHI0Boil (ACM) u
npoceeunBatoieit ([I19M) 31eKTpOHHOW MHUKPOCKONUH HAHOYACTHII, MONTYyYCHHBIX MPH pas-
JIMYHBIX YCJIOBUAX CHUHTE3a, B 3aBUCUMOCTHU OT BPEMCHHU XPaHCHUS HCXOJAHBIX PAaCTBOPOB U
BPEMEHH KOHTAaKTa C I0OBEPXHOCTBIO aJICOPOEHTOB.

HccnenoBanre W3MEHEHHUH ONTHYECKO# IUIOTHOCTH OOPaTHOMHMIECIUIAPHBIX pacTBopoB HY
Ru u HY Rh uepe3 BbIOpaHHbIC IPOMEXKYTKH BPEMEHHM KOHTaKTa HAHOYACTHUIl C IOBEPXHO-
CTBIO aJCOPOCHTA MO3BOJIMIO NIPOBECTH OIEHKY KHHETUYECKHX MapaMeTpoB axcopbuum HY.
BennunHa akTHBHOW MOBEPXHOCTH HAHOKOMITO3UTOB ¢ HY MeTamioB pyTeHUs U poaus, Mo-
JIYYEHHBIX B PA3JIMYHBIX YCJIOBHUSIX IPH KOHTPOJIUPYEMBIX MapaMeTpax CUHTE3a B 0OpaTHBIX
MHIIEIIAaX, OIpeeleHa II0 pe3yIbTaTaM XeMOCOPOIMH MOJICKYISPHOTO BOAOPOAA IPH TeM-
neparype 77 K.
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PHYSICO-CHEMICAL PROPERTIES AND ABSORPTION ACTIVITY OF
RUTHENIUM AND RHODIUM NANOPARTICLES IN REVERSE MICELLAR
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High catalytic activity of ruthenium nanoparticles deposited on y-Al,O; (“Trefoil") in
the reaction of homomolecular isotopic exchange of hydrogen has shown unique properties
of these systems and suggests further studies of platinum group nanoparticles [1].

Ruthenium, Ru NP, and rhodium, Rh NP nanoparticles were obtained using radiochem-
ical (RadChem) and chemical (Chem) methods (“Lanacom” Ltd., Moscow) in reverse mi-
celle systems. The source of ionization radiation was a y-*’Co setup. These systems represent
micelles formed on the basis of surfactants (sodium bis(2-ethylhexyl)sulfosuccinate, 0.15 M
AOT) in isooctane containing a solubilized aqueous Ru and Rh salt solutions. One method
(RadChem) requires reduction of metal ions processing by system irradiation with solvated
electrons, the other (Chem) — introduction of reducing agent from heterogenic group, for ex-
ample, natural pigment — flavonoid. Certain advantage of these methods as compared to other
methods is seen in possibility of varying the given size of stable nanoparticles providing mi-
nimal size distribution, which is achieved mainly through selection of molar ratio of
[H2O)/[AOT], wy. This value variation allows changing the size of micelles in the system and,
correspondingly, the size of the obtained nanoparticles. Stability of formed nanoparticles in
the end product is preserved by the shells of AOT molecules, which prevent particles aggre-
gation.

Several methods of analysis were used to confirm formation of the obtained ruthenium
and rhodium nanoparticles, their size and form in reverse micelle solutions: UV-VIS spectro-
photometry in the range of 190-900 nm, and microscopy (AFM and TEM). The adsorption of
Ru- and Rh- nanoparticles from reverse micellar systems on the support surface as a function
of contact time was studied using same methods.

Adsorptive properties of the particles, their stability in time and values of the metal active sur-
face area were determined on the basis of hydrogen chemisorption at 77 K.
In the course of the work, the dependences of optical properties and absorption activity of Ru-
and Rh NPs on the chosen support type, the value of solubilization coefficient wy of the initial
solutions determining the size of particles and their properties were found.

REFERENCES
[1]. M.A. Kuznetsov., Sergeev M.O., Antonov A.Yu., A.A. Revina., Boeva O.A. Catalytic
properties of ruthenium nanoparticles obtained in reverse micelle solutions // Abstracts of
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COPBIIMOHHOE M3BJIEYEHUE HUKEJISI U3 OBOPOTHBIX
PACTBOPOB HUKEJIMPOBAHUSA

I'.H. dynapesa, Hryern Hrox Ans Tyas, }0.C. Coipsix, E.I'. ®unarosa
Hayuonanenwiii uccnedosamenvckuii Upkymcekuil 20Cy0apcmeentblil mexHuYecKutl
yHugepcumem, kageopa obujeobpazosamenvuvix oucyuniui 3B®
2. Upxymck, yn.Jlepmonmosa, 83; E-mail:anton_irk83@mail.ru

Ha ¢one pocta MUPOBO#i SKOHOMHKH M YBEJIIMUYCHHS POU3BOJICTBA HUKEJIS aKTyalbHOM
npo06aeMoit SBISIeTCS TOTEPH HUKEIS C IPOU3BOACTBEHHBIMU U CTOYHBIMH BogaMu. CTOUHbIE
BOJIBI [IPOLIECCA HUKEITMPOBAHKS COepKaT HHKesi B 150 pa3 Gouibliie, 4eM 3TO JOITyCKAeTCs
HopMmaruBamu. [Toatomy mpoOiema pa3paboTKH HOBBIX, BBICOKOI()(EKTHBHBIX TEXHOJIOTHIH
U3BJICYCHHS HUKEIIS ¢ HU3KOW Ce0ECTOMMOCTBIO SIBISIETCS aKTyaJIbHOW 3KOJIOTMUECKON M KO-
HOMUUecKoit 3aadeil. COpOLMOHHBIA METOJ SIBJISICTCS] OTHUM U3 HanOoJiee NepPCIIeKTHBHBIX B
peLIeHH TOM MPOOIEMBI.

Lenbro paboThl siBIsieTCsT afCcOPOLIMOHHOE W3BJICUYCHHS HOHOB HHUKENS M3 OOOPOTHBIX
pacTBOpOB HUKEIHPOBaHHs. M3BeUueHne HUKEIS TPOBOJMIA C MOMOIIBIO YIJIEPOAHBIX ajl-
copbenroB A/l-05-2 u CubyHUT M UX MOAMGUIMPOBAHHBIX AHAJIOTOB. YENIbHAS MOBEPX-
HOCTh M3y4aeMbIX 00pa3ioB Haxomutcs B uHTepBaie 430-550 M2r. C 1EJbI0 MTOBBIIICHHS
COpOIIMOHHOW €MKOCTH COPOSHTOB MO HUKEINIO MPOBEACHO MX MoauduimpoBaHue u30upa-
TeNbHBIMH K HOHaM Hukels (II) opraHuyeckuM coeMHEHHeM — JAUMETHITIIMOKCHMOM. YcTa-
HOBJIEHO, 4TO | T copbenta AJ[-05-2 copbupyercs npumepto 32,2 mr JIMI'(0,28 mmornb), 1r
Cubynura - 31,2 mr IMI (0,27Mmouns).

Ha BenuunHy cOpOLMOHHON €MKOCTH MaTepHalIOB CYLIECTBEHHOE BIMSHHE OKa3bIBaeT
KHCIIOTHOCTB CpeJibl. MakcuMalibHasi COpOLMsl HUKENsl Kak Ha MCXOJHBIX, TaK U Ha Moaudu-
IUPOBaHHEIX oOpasnax Habmromaercs B mHTepBane pH 9-11,5. Tak kak mporecc copOrun
MPOBOJIMIIA U3 aMMHAYHBIX PaCTBOPOB, TPEAIIONIOKUTEIEHO (HOPMOIT IPUCYTCTBHS HUKEINS B
PacTBOpE ¢ Y4ETOM ero KOHCTaHT riaponn3a Moxet 66Th Ni(NH;),(OH)™. 1o KuHeTHIeCKHM
KPHBBIM COPOLIMH BpeMsi TOCTHIKCHHS PAaBHOBECHUS ISl H3y4aeMbIX COPOSHTOB COCTABIISET 2
yaca. 3HAUCHUsS BEIMYMH CTATHYCCKOW aICcOpOLUOHHON eMKocTH 1Mo Hukeno it AJl-05-2
cocTaBisieT 5,5 Mr/t, Uit ucxoqHoro copdbenra CuOyHUT — 1 MI/T, A1 X MOAU(PHUIIUPOBAH-
HBIX aHAJIOroB — 8,5 Mr/r u 7 MI/r COOTBETCTBEHHO. 3Ha4YeHHsI KOHCTaHT DpeifHannxa, Bbl-
YHCIICHHBIX U TeMiepatyp 25, 45 u 65 °C nokassIBator, 4TO C poctom TemmepaTtypsl K i n
YBCJIIMYUBAKOTCA. 3T0 CBUAECTEIILCTBYET O MOBBILICHUA COpGLU’IOHHOl‘/'I AKTHUBHOCTH COpﬁeHTOB.
Paccunranbl TepMOAMHAMUYECKUE [TAPaMETPhl COPOLIMU: KOHCTAHTHI ypaBHeHUs! JIeHrMIopa,
sHeprust [ m66ca, Teriora copOImu, SHEPTHs aKTUBALHH.

Jlnst  W3BIICYEHHMsST MOHOB HHKENsSl C HACBIIICHHOTO COPOEHTa MPOBOIMIN JECOPOLIHIO
2,25 % (1:13) constroi kucnoToi. [Ipu 3TOM cTeneHs NecopOIM HOHOB HUKENS B JUHAMU-
4ecKoM pexxume Oonee 94%.

BerinonHeHO MaTeMaTHYeCKOe MOJIEIIMPOBaHKE mpoliecca copbimu Ha copoente AJI-05-
2. Ypasuenue copbuun umeet oomuu Bun A = f(C, T, 1). PaccunTans! onTHManbHbIe 3HaUE-
aust Copr = 28,78 MI/i; Tom= 235,5 Mun; Tonr = 298 — 325°K; Agur = 7,55 mr/r. Tlomydennoe
3HaYEHHE A, OTIIMYAETCS OT HKCHEPUMEHTAILHOIO 3HaueHus B npenenax 0,66%.

PaccMoTpeHbI BOIIPOCH IPUMEHEHHST YIIIEPOJHBIX COPOCHTOB /IS M3BICUCHHS HUKEIS
13 OTPaOOTaHHBIX PACTBOPOB HUKEIMPOBAHHS U IPEICTABICHBI SKCIIEPUMEHTAIbHBIE TaHHBIC.
IMpeuioxeHa TEXHOJIOIHYECKas CXeMa M3BJICUCHUSI HUKEISI U3 000POTHBIX PacTBOPOB rajbBa-
HHYECKOT0 IPOM3BOJICTBA.
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THE SORPTION EXTRACTION OF NICKEL FROM RECYCLED SOLUTIONS
OF NICKELIZING

G.N. Dudareva, Nguyen Ngoc Anh Tuan, Yu.S. Syrykh, E.G. Filatova
National Research Irkutsk State Technical University, Lermontova st.,83,
Irkutsk city, 664074, Russia

e-mail: anton_irk83@mail.ru

On the background of the growth of international economy and the increase of nickel
production actual problem is the loss of nickel from industrial and waste water. The nickel
contents of waste water from nickel-plating process are 150 times higher than permitted stan-
dards. Therefore, finding out a newly high-performance technology to extract nickel with low
cost actually is environmental and economic problem. Sorption method is one of the most
promising solution to this problem.

The purpose of this work is adsorption extraction of Ni(I) ions from recycled solutions
of nickelizing. The extraction of Ni(I) ions was conducted by using AD-05-2 and Sibunit
carbon adsorbents and their modified analogs. Specific surface of studied samples is in the
range of 430-550 m%/g. To increase the nickel adsorption capacity sorbents were modified
with organic compound — dimethylglioksim (DMG), which is selective to nickel ions.

It is determined that 1 g of AD-05-2 sorbent adsorbs about 32.2 mg of DMG (0.28 mmol),
1 g of Sibunit sorbent - 31.2 mg of DMG (0.27 mmol). The acidity of solution has a signifi-
cant influence on the sorption capacity of materials. The maximum nickel sorption of both
initial and modified samples is observed in the range of pH 9-11.5. As the adsorption process
was carried out in ammonia solutions, presence form of nickel in solution is suggested to be
Ni(NH;),(OH)" with counting its constant of hydrolysis. By the kinetic sorption curves of
studied sorbents time to reach equilibrium is 2 hours. The value of nickel static adsorption
capacity for the AD-05-2 is 5.5 mg/g, for the Sibunit - 1 mg/g, for their modified analogs - 8.5
mg/g and 7 mg/g, respectively. The Frendlich constants were calculated at temperatures 25,
45 and 65°C show that the higher temperature is, the more value K and n become. This factor
witnesses an increase of sorption capacity of sorbents. The thermodynamic parameters of
sorption were calculated: constants of Langmuir’s equation, Gibbs energy, heat of adsorption,
activation energy. To extract Ni(Il) ions from the saturated sorbent desorption of nickel ion
was conducted with 2.25% (1:13) hydrochloric acid. The degree of Ni(II) ions desorption in
dynamic condition is more than 94%. The mathematical simulation of sorption onto AD-05-2
sorbent is performed. The equation of sorption has the general form A = f (C, T, 1). The op-
timal values of Cop is 28.78 mg/l; Top - 235.5 min; Top = 298 - 325°K; Agpe = 7.55 mg/g. The
received A, value differs from the experimental one within 0.66%.

The problems of application of carbon sorbents for the extraction of Ni(Il) ion from
waste solutions of nickel plating are considered and the experimental data are presented. A
flow diagram of nickel extraction from recycled solutions of galvanic production was offered.
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W3MEHEHHUE IMOBEPXHOCTHBIX CBOMCTB AJJICOPBEHTA 3A CULET
MOIAUP®UIHHUPOBAHUSA HAHOYACTULIAMHU METAJIJIOB

M.O. CepreeBl, A.1O. AHTOHOBI, K.®. HypT,HI/IHOBal, 0.A. Boesa!, A.A. Peuna’
! Poccuiickuii xumuxo-mexnonoauueckuii yHugepcumem um. [{.U. Menoeneesa, 125047,
Mocxkea, Muycckas na., 0. 9
ZHHcmumym Qusuueckoti xumuu u snexkmpoxumuu um. A.H. @pymxuna PAH, 119991,
Mockea, I'CII-1, Jlenunckuii npocnexkm, 0. 31
e-mail: Mihail-Ol-Sergeev@yandex.ru

B karanurHyeckux mporeccax, CBS3aHHBIX C aKTUBALMEl MOJICKYJISIPHOTO BOJIOPOJA,
HauboJiee aKTHBHBIMU SIBJIIOTCS KAaTaIU3aTOPHl HA OCHOBE METAJUIOB ILUIATHHOBOHM IPYIIIEL.
V3yueHne KaTalUTHYECKOM pPEakLMd TOMOMOJEKYJISIPHOTO H30TOITHOrO oOMEHa BOIOpOJa
H03BOJISICT TECTUPOBATh ¥ MPEIBUETh AKTUBHOCTH KATAIM3aTOPOB B OTHOIICHHH MHOTOYKC-
JICHHBIX peaKIHii, HIymUX ¢ y4acTHeM BOJIOpoja. IIpenuiecTByrOMIMH 3TalaMU KaTalHTH-
YECKHX MCCJICAOBAHMUIT SABISIOTCS CTAUU CHHTE3a HAHOYACTHUIl U HaHEeCeHHe (aacopOLus) Ha-
HOYACTHIl HA HOCUTENH Pa3iIM4HON npuposl. st onpeeneHns akTUBHON MOBEPXHOCTH Ka-
TaJIM3aTOPOB IPOBOJUTCS HU3KOTEMIIEpaTypHas afcoOpOLIs BOJOPOa.

Lenb nanHOI pabOTHI — M3yYeHHE KMHETHKU aJCOPOLMHM HAHOYACTHUIl METAJUIOB Ha
pa3iIMYHBIe TUIIBI HOCUTENEH M M3ydeHHe Ipolecca aicopOLuH BOJOPOJa HAa BBICAKEHHBIX
HAHOYACTHUIIAX.

HanowacTuupl niatiHel, nauiagus u cepedpa CHHTE3UPOBAHBI B 0OPATHOMHIEIIISP-
HBIX PacTBOpax, NMPEICTaBISIOMUX COO0N TPEXKOMIIOHEHTHYIO CHCTEMY BOIHBIH PacTBOP CO-
m/AOT/m300ktan. CHHTE3 MPOBOJWICS ABYMSI CIIOCOOAaMH: PaAHALMOHHO-XUMHYECKUM
(RadCh, BOCCTAHOBICHHE MOHOB CONH TIOJ ACHCTBHEM y-H3iydeHns “°CO) M XMMHUCCKAM
(Ch, BoccTaHOBUTENIb — KBEpLETHH). Ha OCHOBE MONY4YEHHBIX HAHOYACTHIL IPUTOTOBIICHBI
xommosutHsre crcteMsr: PRYy-ALO;, PA™y-ALO;, AR y-ALO;, Ag™/Si0,, Ag™/C
(yrnepon B Buae cuOynura). KOMIO3uTHBIE CHCTEMBI pa3nyaloTes: Ko OUIHEHTaMU COITIO-
Omnm3anuu (MOJBHBIM OTHOLIEHHEM BoAbl K AOT), B3ATBIX Ul IPUTOTOBICHHSI HCXOIHBIX
00paTHOMULIEIUIIPHBIX PACTBOPOB.

B pabote nokaszaHo, 4YT0 KMHETHKA aJICOPOIMU HAHOYACTHI] METAIJIOB 3aBUCUT OT TH-
I1a MCIOJIb3yeMOro MeTajlia, OT Pa3MepOB HaHOYACTHI] ITOTO METAJuIa U OT THUIA HOCUTEII,
Ha KOTOPOM IIPOBOJUTCS aJCOPOLHs HAaHOYACTUI. BBIABICHBI ONpeenéHHbIe 3aKOHOMEPHO-
CTH M XapakTep NpoTeKaHus nporecca aacopouuu. [IpemnnoxeHo oObsICHEHHE THX MpOLec-
COB.

Ioka3zaHo, 4TO BOZOPOA JUCCOLUATHBHO XEMOCOPOMPYETCs Ha TIOBEPXHOCTH HaHOUA-
ctun Meraiuia. M3zorepma ancopOuuu BoJOpOAa MMEET SIPKO BBIPAKEHHOE IUIATO, KOTOPOE
MIPUHUMAETCS 32 MOHOCJIOH XeMocopOupoBaHHOTro Boxopona. Ilo BeanuuHe ajncopOuu Bo-
nopoza mpu Temueparype 77 K paccumTaHa akTHBHAs IOBEPXHOCTh M JUCIIEPCHOCTH HaHe-
cEHHBIX MeTaiuioB. [IpoBeneHo MccienoBaHue aacopOLUK BOAOPOJA B JHUANa30HE TeMIepa-
Typ ot 77 K o 300 K, nmocrpoena nzobapa ancopouun. [lokazaHo, 4To ¢ pOCTOM TeMIIEpaTy-
PHI azcopOuus BOZOpoaa CHIKaeTcsa U pu TeMneparypax Boime 200 K agcopbmun Bogopoaa
He Habmonaercs. M3yueHo BIMsHHME TeMIepaTypHOH 0OpaOOTKH HAHOKOMIIO3UTHBIX CHCTEM
Ha BEJIMYMHY YZACIBbHOM aKTHBHOI IIOBEPXHOCTH. Pe3ynbTaThl MCCIENOBaHHI psifa APYrux
CBOIICTB HAHOYACTHUI] METAJUIOB U HaHOKOMIIO3UTOB Ha MX OCHOBE IIPEJICTaBJICHBI B paboTe

(1]-
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reverse micelle systems //Abstracts 9 International Frumkin symposium, Moscow, 2010.
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CHANGE OF SUPERFICIAL PROPERTIES OF THE ADSORBENT AT THE
EXPENSE OF MODIFYING BY NANOPARTICLES OF METALS
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square., 9
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In the catalytic processes connected with activation of molecular hydrogen, catalysts
on the basis of metals of platinum group are most active. Studying of catalytic reaction of a
homomolecular isotope exchange of hydrogen allows testing and expecting activity of cata-
lysts concerning the numerous reactions going with participation of hydrogen. Previous stages
of catalytic researches are stages of synthesis of nanoparticles and adsorption of particles on
carriers of the various natures. For definition of an active surface of catalysts low temperature
adsorption of hydrogen is spent.

The purpose of the given work is studying kinetics adsorptions of nanoparticles of
metals on various types of carriers and studying of process of adsorption of hydrogen on the
landed nanoparticles.

The nanoparticles of platinum, palladium and silver is synthesized in the reverse mi-
celle solutions representing ternary system a water solution of salt/ AOT/ISOOCTANE. Syn-
thesis was spent by two ways: radiation-chemical (RadCh, restoration of ions of salt under the
influence of y-radiation ®°Co) and chemical (Ch, a reducer is quercetine). On the basis of re-
ceived nanoparticles composite systems are prepared: PtR%y-ALO;, Pd“'y-ALO;,
Ag® Yy ALOs, Ag™/Si0,, Ag™/C (carbon in a kind synthetic carbon materials
"SIBUNIT"). Composite systems are differ with factors solubilization (molar the water rela-
tion to AOT), taken for preparation initial reverse micelle solutions.

In work it is shown that kinetics adsorptions of nanoparticles of metals depends on
type of used metal, from the sizes of nanoparticles of this metal and from carrier type on
which adsorption of particles is spent. Certain laws and character of course of process of ad-
sorption are revealed. The explanation of these processes is offered.

It is shown that hydrogen dissociative chemosorb on a surface of nanoparticles of met-
al. The isotherm of adsorption of hydrogen has a strongly pronounced plateau which is ac-
cepted to monolayer chemosorbed hydrogen. On quantity of adsorption of hydrogen at tem-
perature 77 K To the active surface and dispersion of the put metals is calculated. Research of
adsorption of hydrogen is conducted in a range of temperatures from 77 K to 300 K, the ad-
sorption isobar is constructed. It is shown that with growth of temperature hydrogen adsorp-
tion decreases and at temperatures above 200 K hydrogen adsorption is not observed. Influ-
ence of temperature processing of nanocomposite systems on size of a specific active surface
is studied. Results of researches of some other properties of nanoparticles of metals and nano-
composites on their basis are presented in work [1].
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BbICTPbII CIIOCOB U3MEPEHHUSA U3OTEPM AJICOPBLIMUA BOJASIHOI'O
ITAPA HA ITIOPUCTBIX CPEJAX

J.M. KypmameBa ! I.O. Kampanos 2 BI. ApTéMOB2
'Mockosckuii 2ocyoapcmeennulil ynugepcumem um. M.B. Jlomonocosa
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E-mail: darya_mk@inbox.ru

Cooburaercs 00 OpUTrHHAIBHONH METOIUKE YCKOPEHHS IpOIecca M3MEPEHHsT H30TEpM COpo-
LMY BOASHOTO Mapa Ha MUKPO- U HaHOIIOPUCTBIX Cpe/iax: aJIcOpOeHTaX, KaTalu3aTopax, reo-
JIOTHYECKUX TTOPOAaX M APYTHX 0OBeKTax. MeTox OCHOBAaH Ha MOJCIBHOM aHAIM3E pejlaKca-
[MOHHBIX KPUBBIX KOHI[EHTPALlX MOJICKYJI BOJBI, IIPUBOJUMEIX B KOHTAKT ¢ ancopOeHToM [1]
U OIHOBPEMEHHOM HCIIOIb30BaHUH KOHILIEHTPALMOHHOTO U TEIJIOBOTO I'PAAUEHTOB JUISl YCKO-
peHHsl YCTaHOBJICHHUS aICOPOLIMOHHOTO PaBHOBECHS MEX/Iy I'a30M U acopOeHTOM [2].
OpUTHHATEHOCTD YCTaHOBKHU [3] COCTOHMT B CHEKTPAbHOM CIOCOO€ NETEKTUPOBAHUS KOH-
LEHTPALMU Napa B MPOLEecce ANHAMUYECKOW COPOLUH, YTO MO3BOJISAET UMETh IIMPOKUH JHa-
nason (0.1 - 5000 Ila) u BEICOKYIO ckopocTh (10 1000 ¢') M3MepeHuii, Hapsiy ¢ BEICOKOI
TOYHOCTBIO M CeNeKTHBHOCTHIO 10 H,O. [laHHbIH criocob JaeT BO3MOXKHOCTb Ha IOPSIOK CO-
KPaTHTb BPEMsI CHATHS U30TE€PM B CPABHEHHMH CO CTaHAAPTHBIMU METOJMKAMH HHTEPBAIBHOM
copOLUH, OCHOBAaHHBIMH Ha TPAaBUMETPUYECCKUX H3MEPECHHUSX.

Hpe/:[naraeMmI?I METOA U YCTAHOBKA BUIAATCA NEPCHECKTUBHBIMU IJIA U3YUYCHUSA KUHECTUYCCKUX
1 PaBHOBECHBIX IIPOLECCOB UAYIIUX C yYaCTHEM MOJICKYJ BOABI B CUCTEMAX FaS-aHCOpGCHT.
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FAST METHOD FOR MEASURING ADSORPTION ISOTHERMS OF WATER
VAPOR ON POROUS MEDIA
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We report about original technique which accelerates the measurement of sorption isotherms
of water vapor on micro-and nanoporous media: adsorbents, catalysts, geological formations
and other objects. The method is based on a model analysis of the relaxation curves of con-
centration of water molecules given in contact with the adsorbent [1] and use of concentration
and thermal gradients to accelerate the adsorption equilibrium between gas and adsorbent [2].

The originality of the setup [3] is spectral method of detecting vapor concentrations in the
process of dynamic sorption. It allows measure in wide range (0.1 - 5000 Pa) and high speed
(up to 1000 s™), along with high accuracy and selectivity for HO. This method makes possi-
ble to reduce measuring time of sorption isotherm up to one order in comparison with stan-
dard methods of interval sorption, based on gravimetric measurements.

The proposed method and setup are seen promising for the study of kinetic and equilibrium
processes with participation of water molecules in the gas-adsorbent system.

[1] P.O. Kapralov, V.G. Artemov, G.A. Gusev, V.I. Tikhonov, and A.A. Volkov, Diffusion
Kinetics of Water Molecules in a Nanoporous Adsorbent // Bulletin of the Russian Academy
of Sciences: Physics, 2008, V. 72, No. 12, P. 1679

[2] Ruthven, D.M. Principles of Adsorption & Adsorption Processes, John Wiley & Sons,
New York, (1984)

[3] Russian Patent Ne 86747 "Device for determining the molecular sorption properties of
matter"
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3amura HaceIeHHs OT MaJbIX KOHIICHTPALUI BPEAHBIX [TpUMeceil B BO3ayxe TpeOyeT
pa3paboTKu 00JIErYeHHBIX CPEACTB 3aluThl opraHoB asixanus (CU30/]), npenHasHaueHHBIX
KaK s LEeJIeBOro HCHOJIb30BAHHS B IPOU3BOACTBEHHBIX W OBITOBBIX YCIIOBHSX, TaK H
NPUMEHEHUs B CIIy4ae BO3HUKHOBEHMSI UPE3BBIYAMHBIX CUTYallMi JIOKAIBHOIO HJIM IIUPOKO
MaciTabHOro Xxapakrepa

B Hacrosee Bpems pa3paboTaH OCHOBHOM KOHCTPYKLIHOHHBIH HPHHIUI CO3AaHHS
obneruennbix CHU30J[ B BHAe QUIBTPYIOMMX MOJYyMacoK, OOJaJarOIMX MaJbIMH
rabapuTaMu M BECOM, KOTOPbIE MOTYT HaXOAUTHCS y MOJIB30BATEIIS B COCTOSIHUU TTOCTOSIHHOM
TOTOBHOCTH K IPHMEHEHHIO.

OunpTpytomue cBoiictBa moptaTuBHBIX CH30/] MO0 OTHOIIEHHIO K adpO30JsM
00€eCIeunBalOTCsl HAMYMEM B COCTaBe (HIBTPYIONICH MOJyMAcKd MPOTHBOAdPO30JILHOTO
(UIBTPYIOIIET0 BOJIOKHHCTOTO Marepuaiia. 3alura OT aj3po30Jiei, MapoB U ra3oB BPEIHBIX
npuMeceil obecreunBaeTCsi BBEICHHEM B COCTaB MOJIYMACKH COPOMpYIOIe-(QUIBTPYIOMINX
MarepHualioB, pa3pabOTAHHBIX I10 CIENHATBHON TEXHOJOIMH HAMOJHEHHS (QUIBTPYIOIICH
BOJIOKHUCTOM OCHOBBI TOHKOJIMCHEPCHBIMH COPOCHTaMH, XUMUYECKUMHU IOTJIIOTHTEISIMH H
KaTanu3aropamu. B KauecTBe BOJOKHHUCTOH OCHOBBI  HMCIOJB3YIOTCS  yIJIEpOJHbIC
AKTHBHPOBAHHBIC TKAHH M HOHOOOMEHHBIC MarepHalibl. Pa3iM4HOe COYeTaHHE OCHOBBI H
HAIOJHUTEIS TO3BOJISACT KaK YCHJIMBATH 3aIIUTHBIC CBOMCTBA MAaTPHIIBI, TAK M HOBBIIIATH UX
YHUBEPCAJIBHOCTh NPH HAJIMYMU B OKpYKarolled arMocepe BPEeAHBIX BELIECTB Pa3IM4HOIN
HPUPO/BI. PaccMOTpeHBI MPUMEpBI 3aIUTHOTO JEUCTBHS MOPTATUBHBIX PECIHUPATOPOB Ha
OCHOBE KOMIO3HLMOHHBIX COPOUPYIOIIE-GHIBTPYIOIIMX MATEPHATIOB IO OTHOLICHHIO K
napaM LUKJIOreKcaHa, aMmmuaka, xjiopa 1 CO. OO0CHOBBIBaETCs HEOOXOAUMOCTD pa3pabOTKu
TexHonoruu nosydeHuss COM ¢ BBICOKUM HAMOJHEHHEM IOTJIOTUTENIEM IPH COXPaHECHHU
9PrOHOMHYECKHX CBONCTB M3ICIUH.
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ADSORBENT FILTER MATERIALS FOR FILTERING LIGHT WEIGHT
PORTABLE FACEPIECE RESPIRATORS

S. Kolosencev, A. Korobeynikova, G. Podpletneva, V. Astakhov
North-West Research and Development Centre “Portative Personal Protective Equipment”
named after A.A.Gunyaev”, 52, Magnitogorskaya st., St Petersburg,
e-mail: koralva@yandex.ru
Saint-Petersburg State Institute of Technology (Technical University) 198013, 26, Moskovsky
prospect, St Petersburg e-mail: sorbent@]lti-gti.ru

Protection of the population from weak concentration of harmful agents in the air
calls for development of new respiratory protective equipment (RPE), designed both for
intended use in working or living environment and in case of emergency.

Nowadays, the main construction principle of cutting-edge filtering face masks (light

RPE) has been created. Such face masks are always ready for use, have small size and light
weight.
Such RPE can be efficiently applied in aerosol protection due to the fibrous anti-aerosol filter
media. Enhanced protection against aerosols, vapors, gases and other hazardous agents is en-
sured by adsorbent filter materials created with the help of special technology of incorporat-
ing fine adsorbents, chemical absorbents and catalysts into the fibrous mount. The fibrous
mount is presented by activated carbon fiber and ion exchange materials. Changing the pro-
portion between the mount and the filling allows to enforce protection properties of the matrix,
or make it universal in case of various contaminants are present in the ambient air. The pro-
tection properties of light respirators with composite adsorbent filter materials on vapors of
cyclohexane, ammonia (NH3), chlorine (CL) and carbon monoxide (CO) have been analyzed.
The necessity of developing the technology for obtaining high-filled adsorbent filter materials,
while maintaining ergonomic properties of the product
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HU3MEHEHHUE MOP®OJIOI'MY NOBEPXHOCTHU I'PAHYJI HU3BKOOCHOBHBIX
AHUOHOOBMEHHHKOB ITPH COPBIINU AJIBAEI'H/IOB U3 BOJHBIX CPE/]

N.B. Bopomtok, T.B. EnnceeBa
Boponedicckuii 2ocyoapcmeennwiil yHusepcumem
3940006, Boponeoc, Ynusepcumemckas na., 0.1

e-mail: chem.vrn@mail.ru

ITornomeHne anbaeru0B HU3KOOCHOBHBIMI aHHOHOOOMEHHHKAMY C HMEPBHYHBIMU U
BTOPUYHBIMH (DyHKIIMOHATIBHBIMUA aMUHOTPYIINIAMU OCYILECTBISIETCS 32 CUET XEMOCOPOIMH C
00pa3oBaHNEM YCTOWYMBBIX COeMHEHHH B (ase copOeHTa. MccnenoBaHue cBOMCTB HOHOOO-
MEHHOM CMOJIBI 10 U IOciIe copOnuH HEOOX0AUMO A TOHUMaHHs 0cOOEHHOCTEH mpolecca,
MPOTEKAIOIIEr0 B CUCTEME.

MeTo10M CKaHMPYIOIIEH 31eKTpOHHOH MHUKpockonuu (COM) yCTaHOBIEHO M3MEHe-
HHE MOP(OJIOTUH MOBEPXHOCTH TPaHyJ COPOCHTA NPU M3BJICUYCHUH ANIBJICTHIOB U3 BOJHOTO
pactBopa. Mukpodororpadun moBepxHOCTH 00pa3i0B HOHOOOMEHHMKOB TOJIy4Yaan C OMO-
LIBI0 CKaHUPYIOUIEro 3jeKTpoHHoro Mukpockona JEOL SEM JSM-6380 LV. O6pasus
HpEeIBAPUTEIHHO TTOrOTABINBAINCH, U Yero0 Ha MOBEPXHOCTH I'PaHyJIbl HANBULIICS TOKO-
MIPOBOAAIINI CII0¥ U3 30710Ta. [l MccneaoBaHui UCIONIb30BATNCh HU3KOOCHOBHBIE aHHOHO-
OOMEHHHUKH € Pa3HOIl MaTpHULEH M THIIOM HOHOI'€HHBIX TpyII: aHuoHooOMeHHHK D 309 c
Marpuleii Ha OCHOBE CTHPOJa M IUBUHWIOCH30JIa M TEPBUYHBIMH aMHHAMH B KauecTBeE
(hyHKIMOHATIBHBIX TPYIII, a TAKKe aHHOHOOOMeHHUK A 830 ¢ mojMakpuiIoBOi MaTpuieil u
(YHKINOHABHBIMH TPYIIIAMU B BUAE MOJMAMUHOB. MUKpOGhOTOrpaduu MOBEPXHOCTH CHSTH
JuIst 00pasIoB cOPOSHTOB B (hopMe CBOOOIHOTO OCHOBaHHS M (pOpMeE, HACHIIICHHON B BOIHBIX
pacTBOpax MeTaHaJlsl WM 3TaHalls, ¢ yBelnueHneM nzoopaxenus 8 10000 pas.

HccenenoBanust mokasaiu, 4TO MOBEPXHOCTh IPaHyJIbl aHHOHOOOMEHHUKA CO CTHPOII-
nuBHHMIOEH30sbHON Matpunei (D 309) xapakrepusyercss MaibiM pazmepoM nop (mexee 0.1
MKM), ¥ TIPU COPOLMH abAETUI0B HAOII0IaeTCsl 3aNI0JTHEHUE TTOBEPXHOCTU MPOAYKTaAMH pe-
aknuu copbarta ¢ (QyHKIMOHANBFHEIMA TPYHIIAMH COPOCHTA, B pe3ylbTaTe 4ero pasMep IHop
YMEHBIIIAETCS ¥ MOBEPXHOCTh CTAHOBUTCS MPAKTUUECKU OJHOPOAHOM. B ciydae monmudynk-
LUOHAJIBHOTO aHMOHOOOMeHHUKa A 830 HabJroAaeTCsl HECKOJIBKO MHAsl KapTHHA. Pa3Mep nop
JTAaHHOTO cOpOeHTa B (hopMe CBOOOTHOTO OCHOBAHWS MOXKET JOCTHIATh 3HAYCHUS 10 1 MKM,
YTO 3HAYMTENBHO YBEINYMBACT JOCTYHHOCTh (DYHKIMOHANBHBIX Tpynm. [Ipu aTom mocne no-
IJIOLIEHUS METaHaIsl U 3TaHaJsdl JUAMETP MOp YMCEHBIIACTCSA HE3HAYUTEIIBHO. OTHOUICHI/IC
pasMepa IIOp aHHOHOOOMEHHHKA C IIOJIUAKPUIOBONH MATpHIIEH K pa3Mepy MOIEKYI allbJerh-
108 (2-3 A) HamHOrO Gonblue, YeM IS MOJTMMEpa C MATPUIEH HA OCHOBE CONOJHMEpPA CTH-
poia u quBuHMIOeH30a. Takum 00pa3oMm, Ipu copOIMU aTU(aTHUECKUX abJIETHIOB Ha MO-
BEPXHOCTH I'paHy]l aHHOHOOOMeHHUKa A 830 BO3HHMKAeT MEHbIIE CTEPUUECKUX 3aTpyIHEHHUH,
yeM npu cop6ouun Ha D 309. CrieacTBreM 3TOTrO SBISETCS HEMOMHAS peaan3aiisi eMKOCTH I10
aJlbJIerujaM MOHO(YHKIMOHAIBHOIO COPOEHTA 10 CPABHEHMIO C COPOEHTOM, COAEpKalluM
JIMIIb YaCTh PEAKIMOHHOCIIOCOOHBIX MEPBUYHBIX M BTOPUUHBIX aMUHOrpym (A 830).

HccenenoBanne MOp(hOIOrud MOBEPXHOCTH MO3BOJIMIIO YCTAaHOBUTH OJMH M3 BaXKHBIX
KPUTCPHEB BHIOOpPAa HU3KOOCHOBHOTO AQHHOHOOOMEHHHKA IUIS M3BJICYCHUS ajbACTHIOB M3
KUAKUX cpell. [IoBepXHOCTh TpaHy bl COpOeHTa IODKHA OBITh MAKCUMAIIBHO Pa3BUTOM C Be-
JIMYMHOM TOp 110 1 MKM Juist TOro, 4ToObl 00€CIeYnTh MPOCTPAHCTBEHHYIO JOCTYIHOCTh pe-
AKIHOHHOCIIOCOOHBIX TPYIII IIPH ITOTJIONICHUH KapOOHWIBHBIX COCINHCHUH.

BopoHwk HU.B. 6a1azodapum MedxcdyHapodHwlii 61azomeopumensHbuill HayvHblll poHd
um. akademuka K.H. 3amapaesa 3a noddepiicky
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CHANGES IN SURFACE MORPHOLOGY OF WEAK BASE ANION-EXCHANGER
GRANULES AFTER THE ALDEHYDES SORPTION FROM AQUEOUS MEDIA

L.V. Voronyuk, T.V. Eliseeva
Voronezh State University
Universitetskaya pl., 1, 394006, Voronezh

e-mail: chem.vrn@mail.ru

The aldehydes sorption by weak base anion-exchangers with primary and secondary
amines as functional groups occurs due to the chemical interactions with the formation of sta-
ble compounds in the sorbent phase (chemisorption). Studies of ion-exchange resin properties
before and after sorption are necessary for the deep understanding of the process taking place
in the system.

Changes in surface morphology of the sorbent granules after the extraction of alde-
hydes from water solution were revealed by the method of scanning electron microscopy
(SEM). Microphotographs of the ion-exchange resin samples surface were obtained using the
scanning electron microscope JEOL SEM JSM-6380 LV. The samples were preliminary pre-
pared by the deposition of gold conductive layer on the surface of granules. There were stu-
died weak base anion-exchangers with various matrix and various types of ionogenic groups:
anion-exchanger D 309 with styrene-divinylbenzene matrix and primary amines as functional
groups and anion-exchanger A 830 with polyacrylic matrix and polyamines as functional
groups. Microphotographs of the surface were made for the samples of sorbents in the form of
free base and in the form saturated in aqueous solution of methanal or ethanal (magnification
10000).

The studies show that the surface of anion-exchanger granules with styrene-
divinylbenzene matrix (D 309) is characterized by small size of pores (lower than 0.1 micron)
and during the sorption of the aldehydes it is observed filling of the surface by the products of
the reaction of sorbate with the functional amino-groups of the sorbent, resulting in pore size
decrease and almost homogeneous surface state. For the polyfunctional anion-exchanger A
830 one can observe the other picture. Free base form of this resin is characterized by the ex-
istence of pores with sizes up to 1 micron that leads to the increase of accessible ionogenic
groups quantity. After methanal or ethanal sorption one can find out some decrease of pore
sizes but it is not considerable decrease. The ratio of pore size to the size of aldehydes mole-
cules (2-3 A) for the anion-exchanger with polyacrylic matrix is more than for the sorbent
with styrene-divinyl-benzene matrix. Therefore during the sorption of aliphatic aldehydes at
the surface of anion-exchanger D 309 granules there are more steric hindrances than during
the sorption by A 830. As a consequence one can observe not fully realized capacity of mono-
functional resin to aldehydes in comparison with the sorbent containing only the fraction of
reactive primary and secondary amino-groups along with tertiary (A 830).

The study of surface morphology allows the revealing one of the important criteria for
the choice of weak base anion-exchange resin suitable for the extraction of aldehydes from a
liquid media. The surface of the granules should have pores with sizes up to 1 micron in order
to provide the accessibility of reactive groups during the sorption of carbonyl compounds.

Kind acknowledgments of Voronyuk L V. to the International Scientific Fund named after
Academician K.1. Zamarayev for the support

325



CIHEKTPO®OTOMETPHYECKOE UCCJIEJOBAHUE BHEJIPEHUSA
HAHOYACTHUIL IMAJIVIAAUSA B TIEP®TOPUPOBAHHYIO
CYJb®OKATHOHUTOBYIO MEMBPAHY M®-4CK

A.A. Pepuna, C.A. Byces, A.H. [Tonomapes*, A.1. Kanunuyes
Hnucmumym gpusuueckou xumuu u snexkmpoxumuu um. A.H. @pymxuna PAH, Mockea,
*Uncmumym suepeemuueckux npoouem xumudeckou ¢usuxu PAH, Yepnozconoska, Mock. o6a.
E-mail: alex_revina@mail.ru

HonooOMeHHBIE MEMOpaHbl HAXO/SIT HIMPOKOE MPHUMEHEHHE B Pa3UyHBIX cepax co-
BPEMCHHBIX TexHojorui. B HaCTOALICC BPEMA I DJIEKTPOXUMHUUYCCKUX I/ICCJ'le)lOBaHl/Iﬁ H U3-
FOTOBJICHHSI HHU3KOTEMIIEPATypPHBIX TOIUIMBHBIX JJIEMEHTOB HauOoJee 4acTo IMPUMEHSIOTCS
nephTOpUpOBaHHbIC CYNIbHOKATHOHUTOBBIE IPOTOHIPOBOIAIHE MeMOpanbl Tumia «Haduony
(pupma [dronon, CHIA) u ux poccuiickue ananoru — Mmem6pans! Tuna M®-4CK. BaxubiM
HAIPaBJICHUEM SIBIISIETCS CO3JaHHE HOBBIX HAHOKOMITO3UTHBIX MaTEPHATIOB Ha OCHOBE HAHO-
YaCTHIl METAJUIOB U M3yUYCHUE UX CBOMCTB M (DYHKIMOHATBLHON aKTUBHOCTH [1].

B nanHo#i paboTe omucaHO NOTydYeHHEe HAHOKOMIIO3UTHOTO MaTepyalia 3a CyeT afcopo-
LHOHHOTO B3auMoeicTBus Hanodactu (HY) nammaaus B 06paTHO MULICIUIIPHBIX PacTBOPO-
Bax 0.15M AOT B u300KTaHe MPH Pa3UYHBIX 3HAYCHUSIX KOA(DHHUIMCHTA COMFOOMITU3ALINH,
o, paBuomy [H,O)/[AOT], ¢ mem6panoit M®-4CK. M3yuuB nzmeHenue konuenrpaun HU
Pd u popMBI HX CIIEKTPOB ONTHYECKOTO IOTJIOMICHUS] B MULIEJUISIPHOM PAacTBOPE MOCIIE KOH-
TaKTa C MOBEPXHOCTBIO aJICOPOCHTA C/IeNIaHbl BHIBOJIBI O COPOIIMOHHBIX CBOMCTBAX MEMOpPaHbI
M®-4CK.

CHeKTpsl ONTHYECKOTo MOTJIONIeHHsT MULISIUIAPHBIX pacTBopoB HY Pd, ncxonusix u mo-
clie KOHTaKTa ¢ MeMOpaHOH, PErnCTPUPOBAH ¢ OMOIEI0 criekTpodoTomerpa U-3310 «Xu-
Tayn». [IpoBe/icH aHAIN3 CIIEKTPOB MOTJIOMICHNS U pe3ynbratoB ACM-u3mepenuii. CTabub-
Hble B kUKot paze HY Pd momyueHsl painaliioHHO-XUMHUYECKUM BOCCTAHOBICHHEM HOHOB
Pd*" B obGparHo-MuneIApHOI cucteme Pd>/H,0/AOT/H300KTaH 10 ONUCAHHON paHee Me-
tomuke [2]. INomnas crabmmmzanms HY Pd 3akanumBaercs depes nBoe cyTok. C IOMOIIbIO
NU3MEPEHHUs ONITHYECKOH IOTHOCTH pacTBopoB HU nannanus yepe3 BoIOpaHHbBIE TIPOMEXYTKH
BpPEMEHH ITIPOBEEHA OLIEHKa KMHETHYECKUX MapamerpoB aacopbunn HY namnaaus memOpa-
Hamu M®-4CK.

JIMTEPATYPA
[1] T.A. KpaBuenko, JI.H. [Tonsackuii, A.J. Kannanges, [[.B. KoneB. HanokoMmo3nTs! Me-
Taut-uoHoooOMennuk. M.: Hayka, 2009. — 39.
[2] A.A. PeBuna, A.H. Kesukos, O.I'. Jlapuonos, B.T. lyounuyk // Poc. Xum. XK. 2006. T.
50. Ne 4. C. 55-60.
Paboma svinonnena npu yacmuunoti noodepoicke epanma PODOU 09-08-00758
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SPECTROPHOTOMETRY INVESTIGATION OF PALLADIUM NANOPARTICLE
INCORPORATION INTO PERFLUOROSULFONATED CATIONIC MEMBRANE
MF-4SK

A. Revina, S. Busev, A. Ponomarev*, A. Kalinitchev
Frumkin Institute of Physical Chemistry and Electrochemistry, Moscow
*Institute of Energy Problem of Chemical Physics, the branch Chernogolovka
E-mail: alex revina@mail.ru

Ion exchange membranes represent widely applicable materials in various areas of the
modern technologies. At the present time there are often applied sulpho-cationite proton
conductive membranes ( “Nafion” type, USA, Dupon company), together with the russian
analogies (MF-4SK membranes) for the fulfilment of low temperature fuel cells, and for the
electrochemical investigations. The important direction is the creation of the new nanocom-
posite materials including nano-particles (NP) of the metals in the membranes and the studies
of their properties, and functional activities [1].

The preparation of the metal - ion exchanger nanocomposites by adsorption interaction of
the palladium NP with the perfluoro-sulfonated cationic membrane MF-4SK in the inversed
micelle solution is described. After determination of the Pd NP concentration changes, and
the optical adsorption spectra forms some conclusions about the membrane adsorption and
kinetics properties were made.

The conclusions about the sorption properties of the MF-4SK membrane were made
after its contact with the adsorbent surface. There were measured the optical adsorption spec-
tra in the initial state of the material and after its contacts with the membrane.

The spectra were registered by the spectrophotometer “Hitachi” U-3310.

It was fulfilled the analyses of the adsorption spectra and the results of the ASM measure-
ments. The stable Pd NP in the liquid phase were obtained by the radiation-chemical reduc-
tion of Pd*" ions in the reverse micellar system Pd*"/H,0/AOT/isooctane according to the
technique described earlier [2]. It was shown that the complete stabilization of the palladium
nanoparticles has been finished after two days.

[1] T. Kravchenko, L. Polyanskiy, A. Kalinichev, D. Konev, Nanocomposites metal ion ex-
changer. M.: Nauka, 2009. — 391P.

[2] A. Revina, A. Kezikov, O. Larionov, B. Dubinchuk // Rus. Chem.J., 2006. V. 50. Ne 4. P.
55-60.
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M3YYEHUE KOHKYPEHTHOM COPBIIUA KATUOHOB MEJH (II)  CBUHIIA
(II) HA MOHOOBMEHHBIX COPBEHTAX PA3JIMYHOMU ITPUPOAbI

J1.B. baiiro3us, VJLM. I/IBaHIOXﬁ,l’ 2 A.T. Mutmiuseoc!
000 «Axeapopy, xumuueckuti omoen, 197110, CII6, yn. [Tuonepckas, 29
2CHI6ry, Xumuueckuii paxynomem, 198504, CII6, Vuusepcumemckuii np., 26
aquascience@yandex.ru

B paGote paccMoTpeHa KOHKypeHTHast copGuust [1] karmonos Cu®” u Pb** ma mpo-
MBIIIICHHBIX HOHOOOMEHHBIX copOeHTax: BoJokHax AxBaneH-2 (A2) mpomsBoactBa OO0
«AxBadop» n duban-X1 (X1) npoussoxacrea uncruryra ®OX HAH benapycu, u tpaauuu-
oHHON nMoHooOMeHHOH cmouste Lewatit TP207 (TP207) mpomsBoxnctBa Lanxess (I'epmanms).
BosokHucThIE MaTepuaibl NPEACTABISAIOT c000H MOAMGMHUIMPOBAHHBINA MOJHAKPUIOHUTPHIL,
cojepKalMii rpynmel: KapOokcuibHble — A2 (2 mr-sks/r), X1 (4,1 Mr-ske/r), amuH-
Hble/umuHHBIe — A2 (0,2 Mr-okB/r), umMuHoananeratusie — X1 (0,8 mr-sks/r). Cmoma TP207
MpeACTaBIsieT COOO  MaKpOMOPHCTHI  XeNaTHbIi KATHOHHT Ha OCHOBE
JIUBHHWIIOEH30J1a C UMHHO/JHAIIETaTHBIMU IpyIaMu (2,2 Mr-skB/T).

KoHKypeHTHYI0 cOpOIHMI0 KAaTHOHOB CBHHIA U MEIU U3YYalIH B CTATHYECKOM PEXUME
NpPU Pa3IMYHBIX HCXOAHBIX KOHIEHTPAUUSX ¥ (UKCHPOBAaHHOM MOJBHOM COOTHOIICHUH
V(Cu™) : v(Pb*) = 1:1 npu Temneparype 20°C u pH=5,00:£0,2. TTocie COpOIIH H3MEPSIIH
OCTATOYHYIO KOHIIGHTPALMIO HOHOB METAJLIOB B pacTBope. [10 JaHHBIM 9KCIIEPUMEHTOB ObLIH
MOCTPOEHBI U30TEPMbI KOHKYPEHTHOH COpOIMH:
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! A2 20 25 TP207
08 is 20

.6 2 =B ——Cu(Il)
5 ——Cu(ll)  Blo =
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Xon H30TEPM yKasbIBa€T Ha TO, YTO B YCJIIOBUAX KOHKprHTHOi/'I COp6LII/II/I MaTepualibl

Axsanen-2 u ®uban-X1 061aagaroT 6051ee BHICOKMM CPOJICTBOM K KATHOHAM CBHHIA, a CMOJIA
TP207 — x xarnoHaM Mequ. KOHKYpeHTHbIE KOHCTaHTbI CBSI3bIBAHUSI HOHOB TSDKEJIBIX MeETall-
5108 — K(Cu**) 1 K(Pb*") — 6111t paccunTanbl 10 pacIipeHHOMy ypaBHeHH:o Jlenrmopa [2]:

Marepuain K(Cu®"), n/mmons K(Pb*"), n/mMmons

AxBajen-2 0,43 1,51

Duban-X1 0,93 1,20
TP207 1,60 0,38

YuutsiBas pa3jin4ue B COACPNKAHUU PaA3IUIHBIX KOMHHCKCOO6p33yIOHH/IX T'pyImIl Ha

pa3HbIX MOHUTAX W cKIOHHOCTh KaTtHOHOB Cu (II) k 0Opa3oBaHMIO JTOHOPHO-AKIENITOPHBIX
CBsI3€H C a30TOM aMHHO- U UMHHOTPYIII, MOXHO CJIEJIaTh BBIBOJ O B3aHMMOCBSI3U MEX/y KOH-
CTaHTaMU KOHKYPEHTHOI COpOLMM JaHHOH Hapbl METaUIOB M HAO0OPOM (YHKLHOHAIBHBIX
TPYIII B COCTaBe cOpOeHTA.

[1] Covelo E.F., Vega F.A., Andrade M.L. J. Hazard. Mater. 2007, 140, 308.
[2] Srivastava V.C., Mall 1.D., Mishra .M. Chem. Eng. Process. 2009, 48, 370.
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STUDY OF COPPER (II) AND LEAD (II) COMPETETIVE ADSORPTION ONTO
ION-EXCHANGE ADSORBENTS OF VARIOUS NATURE

D.V. Baygozin, ' L M. Ivanyukha, "-* A.G. Mitilineos '
! Aquaphor Corp., R&D Dept, St. Petersburg 197110, Pionerskaya st., 29
2SPSU, Dept of Chemistry, St. Petersburg 198504, Universitetskij pr.
aquascience@yandex.ru

Competitive adsorption [1] of Cu®" and Pb*" onto industrial ion-exchange adsorbents
is reported. Fibrous polyacrylonitrile-based ion-exchangers Aqualen-2 (A2) produced by Ag-
uaphor Corp. and Fiban-X1 (X1) produced by IFOCH NASB (Belarus) contain carboxylic —
A2 (2 meq/g), X1 (4,1 meq/g), amine/imine — A2 (0,2 meq/g) and iminodiacetic — X1 (0,8
meq/g) functional groups. Lewatit TP207 (TP207) produced by Lanxess (Germany) is a ma-
croporous styrene-divinylbenzene based chelating cation-exchange resin with iminodiacetic
groups (2,2 meq/g).

Competitive adsorption experiments were carried out in a batch mode using various
initial concentrations and Cu®* : Pb*" mol ratio fixed at 1:1 (t=20°C and pH=5,00+0,2). Equi-
librium concentration of heavy metal ions in solutions were measured after adsorption. The
resulted competitive isotherms are presented below.
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A2 25 TP207
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The appearance of isotherms demonstrates higher affinity of Aqualen-2 and Fiban-X1
to Pb>" and Lewatit TP207 to Cu”*. Extended Langmuir equation [2] was used to calculate
competitive binding constants K(Cu®") and K(Pb*").

Material K(Cu®"), L/mmol K(Pb*"), L/mmol
Aqualen-2 0,43 1,51
Fiban-X1 0,93 1,20

TP207 1,60 0,38

The composition of ion-exchange groups in materials and the tendency of copper ca-

tions to form coordination complexes with amine and imine groups, allow us to assume corre-
lation between competitive binding constants of examined heavy metal ions and distribution
of functional groups in adsorbents.

[1] Covelo E.F., Vega F.A., Andrade M.L. J. Hazard. Mater. 2007, 140, 308.
[2] Srivastava V.C., Mall 1.D., Mishra .M. Chem. Eng. Process. 2009, 48, 370.
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COPBLIMOHHO-EMKOCTHBIE CBOMCTBA CYHNEPKOHJAEHCATOPHBIX
JEKTPOJIOB BBICOKOI EMKOCTH HA OCHOBE AKTUBUPOBAHHOI'O
YIJIEPOJA

Bonbsdprosud FO.M., Muxanuu A.A. , borpaues JI.A.
Yupeoswcoenue Poccuiickotl akademuu Hayk Hncmumym @usuieckou Xumuu u 31eKmpoxumuil
um. A.H. @pymrxuna PAH, 119991 Mocksa, Jlenunckuii npocnexm 31, E-mail:
yuvolf40@mail.ru

HcenenoBaHbl 2IEKTPOXMMHYECKHE CBOMCTBA HJIEKTPOAOB HAa OCHOBE aKTHBUPOBAHHO-
ro yriepoza (AY): yrons AJII' u tkauu CH-900 u TCA ¢ yznenbHOl noBepxHoctsio 1000 -
1500 M°/r B KOHIIGHTPHPOBAHHKIX pacTBopax HySO, B MHPOKOM JHAMIA30HE TIOTCHIUANOB OT
-1 mo +1 B 0.B.3. [IpoBeneHo cpaBHEHHE HNUKINYECKUX BOJBTAMIIEPHBIX KPUBBIX, H3MEPEH-
HBIX B JIBYX 00J1acCTSX HOTEeHIHaNoB: B obnactu obpatumoctr (ot 0.1 1o 0.9 B) u B obnactu
riry6okoro 3apspkeHus (ot -0.8 mo 1 B). B obmactu oO6patMMocTH IpOUCXOIUT 3apsDKEHUE
nBoiHOTrO 3nektpudeckoro cios (IDC) u ObICTpble peJoKC- PeaKiiy MOBEPXHOCTHBIX TPYIII
3a BpeMeHa MOopsKa JECATKOB - CTa CEKyHJ ¢ CyMMapHBIM yIelIbHbIM 3apsiiom ~ 200 Ku/r.
B obnacti otpunarensHbix moreHnuanoB (< -0,1 B) HabmrogaeTcs mpoTtekanue (apajiees-
CKHX TIPOLIECCOB C OYEHb OOJIBIIOH MCEBAOEMKOCTBIO M C BPEMEHAMHU 3apsDKEHHs OT COTEH
CEeKYH/I JI0 IECSATKOB 4acoB ¢ CyMMapHbIM 3apsinom Jo 1300 Ku/r. IIpu stom ycneBaror mpo-
TeKaTh HE TOJIbKO YKa3aHHbIC ObICTpBIC Mpouecchl. [Ipearnonaraercs, YTo NPOTEKAIOT TAKKe
MIPOLIECCHI XeMOCOPOIIMH BOAOPOIA M AIEKTPOXUMHUYECKOW MHTEPKAJSILIMK BOJIOPO/A B yrie-
poa. Ilporecc MHTEpKAISIINE KOHTPOJIUPYETCs 3aMeUIeHHOM TBeprodasHoi nuddysueit Bo-
JIOpO/Ia, YTO MOXKET OOBSCHATH OUYEHBb BHICOKOE MaKCHUMaJIbHOE BpeMs 3apsaa - 10 100 yacos -
a TaKKe MPONOPLMOHAIBHOCTH MPEIEeIbHOr0 TOKa KOPHIO KBaJPaTHOMY M3 CKOPOCTH pa3-
BepTku noreHuuana. I[IpenensHbli 3apsiy Bozpacraer ¢ poctoM koHueHTpanuu HoSO4 ot 30
10 60 %. [TomyyeHa MakcuManpHas BelauuuHa 3apsna 1500 Kn/r. B pesynbrate npoBeneHus
aHaJIOrM4YHOW paboThl B KOHLEHTPUPOBAHHOH (hOChOPHON KHCIOTE MOJydeH MaKCHMANbHbII
3apsin ~ 1000 Ki/r.  TIpoBeneHb! MMIIEJTaHCHBIE HCCIICIOBAHHS A TAKXKE N3MEPCHUS aKTUBHO-
T'O CONMPOTHBIICHHUS JIEKTPOJIOB ITPU MOCTOSIHHOM TOKE B CHEL[HAIBHOM siuelike. Y CTaHOBJICHO,
YTO B Ipolecce rIyOOKOro KaTOAHOTO 3apsDKEHNUS IPOMCXOIUT CYLIECTBEHHOE (B IECATKH pas3)
YBEJIMYEHUE HIEKTPOCONPOTHBIICHHS JaHHBIX 3JIEKTPOJIOB, YTO BEPOSTHO 00YCIOBIECHO 00pa-
30BaHMEM MHTEpKalsuoHHOTO coenuneHus tuna C,H. Bo3moxnas npenenbHas Gpopmyna -
C¢H, ananorununas CgLi.

Pa3paboraHa AByMepHas MaTeMaTHYeCKask MOZEIb 3aps/a- pa3psga BHICOKOAUCIEPCHO-
ro YIJIEPOAHOTO 3JIEKTPOAA, YUuThIBaromas Iu((Gy3HOHHO- MUTPALIMOHHBINA HOHHBII TIepe-
HOC B mopax, 3apspkenne J19C, ancopOuuio BoA0OpOIa, SMEKTPOXMMUYECKYI0 HHTEPKAJSLIUIO
BOZOPOJA B yIrIepox, TBeprodasHyo Iuddy3Hio U XapaKTEPHCTUKU HOPHCTOH CTPYKTYpHI
ANEKTPOJIA.

Pa6ota nognep:xana PODU, npoexr Ne 09-03-00288
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SORPTION-CAPACITANCE PROPERTIES OF SUPERCAPACITOR
ELECTRODES WITH HIGH CAPACITY ON THE BASED OF ACTIVATED
CARBON

Volfkovich Yu.M., Mikhalin A.A., Bograchev D.A.
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, Moscow, Russia
119991, Moscow, Leninsky prospect, 31

In the framework of high specific energy electrochemical capacitors elaboration, the
electrodes based on activated carbons (powder ADG and carbon-cloth CH-900 and TSA) with
specific surface area 1000 -1500 m%/g in concentrated solution of sulphuric acid (30%-60%
mass fraction) at the wide applied voltage range (from -1V to +1V) have been studied.

For the purpose of processes charging separation, cycle volt-ampere curves measured at
two voltage ranges have been compared. These voltage ranges can be named as a reversible
range (from 0.1V to 0.9V) and a deep charging range (ot -0.8V 1o 1V). The first one corres-
ponds to the charging of electric double layer and fast redox-reaction of surface groups in ap-
proximately 10-100s time. Here total specific charge is about 200 C/g. As for the second one,
in the range of negative potential (< -0.1 B) the faraday processes with extremely high pseudo
capacity values and charging time from hundreds of seconds to tens of hours are observed (to-
tal specific charge is up to 1300 C/g). At these times, not only above mentioned fast processes
proceed. Taking into account obtained results, it can be assumed that there are also the
processes of chemical hydrogen adsorption on interfacial area carbon/electrolyte and the elec-
trochemical hydrogen intercalation in carbon at deep cathode charging of activate carbons
take place. The intercalation process is governed by slowed solid-phase hydrogen diffusion,
which may explain very high maximal time of charging until 100 hours as well as the propor-
tionality peak current and square root from the potential scan rate. The values of charge spent
on adsorption and intercalation are comparable. The fact of limiting charge growth with in-
creasing of sulphuric acid concentration (from to 30% to 60%) has been established and the
maximal total charge of 1560 C/g has been obtained. The similar experiments in phosphoric
acid have been produced and the maximal total charge of about 1000 C/g has been obtained.
Impedance spectroscopy researches of activated carbons electrodes and the active resistance
measuring of these electrodes in special cell at direct current have been made. The essential
increase (in dozens of times) of electrodes resistance at deep cathode charging process has
been found. It may be due to formation of intercalated C,H type compound. Possible limit
composition is C¢H, an analogous one is CeLi.

A two-dimensional mathematical model of carbon electrode charge-discharge process
has been developed. The model takes into account the following factors: charging of electric
double layer, chemical adsorption of hydrogen at an interface carbon/electrolyte, electrochem-
ical hydrogen intercalation into carbon, solid-diffusion, diffusion-migration ion transport in
the pores, the characteristics of the electrode porous structure measured by using the method
of standard contact porometry.

This work has been supported by the Russian Foundation for Fundamental Researches
(Project # 09-03-00288).
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IJIOTHOCTD INTPUBUBKHU U AACOPELUA YIJIIEBOJOPOJ0OB HA
O®TOPUPOBAHHBIX JIMO®OBHbBIX KPEMHE3EMAX

T.M. Poumﬂa*, H.K. ]_HOH]/IX*, 0.41. Ta;u(nﬂa*, O.IL Txaqel-u(o**, JIL.M. KyCTOB**,
F. Bernardoni” ", A.Y. Fadeev
* Mockosckuii 2ocydapcmeennwlil yhusepcumem um. M.B. Jlomonocosa, Xumuueckuii pa-
kyavmem, 119991 Mocksa, Jlenunckue eopwi, 0. 1, cmp. 3
** Unemumym opeanuseckoti xumuu un. HJJ. 3enunckoeo PAH, 119991 Mocksa, Jlenunckuii
npocnekm, 0. 47
*** Department of Chemistry and Biochemistry, Seton Hall University, USA
E-mail: 2474747@mail.ru; tayakina.olva@mail.ru, ot@ioc.ac.ru

IlpuMeHss pasauyHble METOObl  MOAM(UUUPOBAHMS IIOBEPXHOCTH  IOJIU(TOP-
OpPraHMYECKUMH COCIAMHCHUSIMU TOJTYy4YalOT MaTepHaibl ¢ JTHO(GOOHBIMH HAHOIOKPHITUSIMHU,
JUISL KOTOPBIX XapaKTEepHbl aHTUKOPPO3HOHHBIE, 0aKTEPHOCTATHYECKHE, aHTU(GPUKIIMOHHBIE U
JIpyTHe BaXHbIC CBOWCTBA. BO MHOIHX CiIy4asx 9KCIUIyaTallHOHHbBIE Ka4eCTBA HAHOMOKPHITHIH
OIIpe/IeISIFOTCS pacipeeIeHHeM MOJIEKYJI Ha TIOBEPXHOCTH U MX IIOTHOCTHIO HPHBUBKH.

B pabote BBIMOJIHEHO KOMIUIEKCHOE HCCIEAOBaHUE JTHO(POOU30BAHHBIX KPEMHE3EMOB,
COJIepIKAIUX CPaBHUTEIBHO HEOOJbLIOE YMCIO NMPUBUTHIX (roprekcribHbIX ((CH;),CeFi3,
1.1 um) 1 ¢ropOyTrabHBIX ((CH,)2C4F9), 1.7 HM™) rpynm. Pe3ysbTaThi COMOCTABICHEI C TO-
JydeHHBIMHA Hamu panee [1] amst cepun 00pasioB ¢ MIOTHEHIINMU (TOPATKUIBHBIMH MOHO-
cnosivu (=2.1 BM). O6cysknarores SGGEKThl BIMSHHMS IUIOTHOCTH INPUBHBKH H pasMepa
(hropconepkaluX rpymi Ha acopOLMOHHBIE CBOMCTBA M OHOPOAHOCTD MTOBEPXHOCTH.

AIICOPOLIOHHO-CTATHYECKUM U razoxpomarorpadudeckuM (I'X) mMeronamu mokasaHo,
YTO YeM BBIIIC KOHLEHTPALMs U MEHbIIIE JJIMHA IPUBUTOH e , TeM Ooliee pe3ko (0T 2-X 110
25-TH pa3) CHIKAIOTCS BEJIMUMHBI aJICOPOIIMHU YIIIEBOAOPOJIOB B pe3ysbTaTe MOAU(UIIMpPOBa-
HHS. DTO OTpaXkaeT yBEIMYCHHE CTCHECHH 01e0(poOH3aliU IIOBEPXHOCTH NPU 00pa30BaHUU
NONU(TOPOPraHMYECKUX HOKPBITUH. K OTIMYMSIM CpaBHUTENBHO HU3KOILUIOTHOTO 00pasia
(CH»)2C4F9 oTHOCHTCS BBICOKAs CrELM(UUHOCTD MMOBEPXHOCTH IO OTHOLICHUIO K OEH30Iy,
00yCIIOBIICHHAsI, BEPOSATHO, aKTUBHBIM YYacTHEM B aJCOPOLMOHHOM HpoLecce IHOISIPHOIO
(hparmenTa yactuuHo ¢ropuposannoii mpuButoii enu (CH,-CF,).

Cornacao UK-cniektpam an¢dpy3HOro oTpaskeHus B CHEKTPaX HU3KOIUIOTHBIX 00pa3lioB
OTCYTCTBYeT Kak monoca 3740-3750 cM™, Tak u monoca B oGmacti 4540-4550 cM™', xapakrep-
HbIe 171 Konebanuit m3onupoBanubix Si-OH rpymnm. [Ipu sTom 06Hapy»® eHO, YTO HA MOBEPX-
HOCTH 3THX 00pa3lioB, B OTIIMYHE OT NOIU(TOPAIKUIKPEMHE3EMa C BBICOKOI KOHIEHTpaLMei
MPUBUTHIX TPYII, IPUCYTCTBYIOT OCTATOYHbBIC IMAPOKCUIIBHBIC TPYIIIBI, CIIOCOOHBIE B3aHMO-
JieificTBOBaTh ¢ O€H30JI0M yepe3 00pa3oBaHue BOAOPOJHOM CBsi3u. Pasiuuus B cABUTax mojoc
MOIJIOLIEHHsT TIocie ajcopOuuu OeH3olla yKas3bIBalOT Ha TO, YTO CHIAHOJNIBI 0Opasla ¢ Iep-
(TOpOYTHIBHBIMU IPYMIIAMU 00JaaI0T MEHbIICH acOPOLMOHHON aKTHBHOCTBIO B OTHOILIIE-
HuM OeH30u1a, 4eM o0pasiia ¢ nepHTOPreKCUIbHBIME CIOSMH. JTOT Pe3yIbTaT COrIacyeTcs ¢
ancopOuuonnbiMu U I'X nannbivMu. TI'A uccnenoBaHust TOBOPAT O BBICOKOH T€pPMHYECKOM
cTabmibHOCTH (QTOpKpeMHe3eMOB. Hauano ux TepMoAeCTpyKLIUH B TOKE a30Ta HaOIoAaeTcs
npu 300°C ¢ MakCMMaILHOM CKOPOCTHIO oTepr Beca pu 500-550°C.

1. Powuna T.M., Llonus H.K., Jlacymosa M.C., @adees A. IO. /| KDX. 2008. T. 82. Ne 3. C. 470.
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GRAFTING DENSITY AND VAPOR ADSORPTION OF HYDROCARBONS ON
FLUORINATED LYOPHOBIC SILICAS

T.M. Roshchina*, N.K. Shoniya*, 0.Ya. Tayakina*, O.P. Tkachenko**, L.M. Kustov**,
F. Bernardoni***, and A.Y. Fadeev™
* M.V. Lomonosov Moscow State University, Department of Chemistry,
119991 Moscow, Russia
" N.D. Zelinsky Institute of Organic Chemistry RAS, 119991 Moscow, Russia
*** Department of Chemistry and Biochemistry, Seton Hall University, 07079 NJ, USA
E-mail: 2474747@mail.ru; tayakina.olva@mail.ru; ot@ioc.ac.ru

Functionalization of surfaces with fluorinated organic compounds is a powerful ap-
proach in preparation of nano-coated materials with lyophobic, anticorrosive, low friction,
bio-nonfouling and other valuable properties. In many cases, the performance of nano-
coatings is largely determined by the organization of molecules on the surface and their graft-
ing density. In this work, we report the comprehensive characterization of lyophobic silicas
with medium coverage fluorohexyl ((CH,),CeFi3), 1.1 group/nm?) and fluorobutyl
((CHy),C4Fo) groups (1.7 group/nm?). The results are compared with those previously re-
ported by our group [1] for the silicas with high coverage of fluoroalkyl groups (=2.1
group/nm?). The effects of grafting density and the size of fluorinated groups on the adsorp-
tion properties and surface uniformity are discussed.

Static (isotherms) and dynamic (gas chromatography) adsorption studies demonstrated
that the adsorption of hydrocarbon vapors on silicas was reduced greatly (from 2 to 25-times)
due to attachment of fluoroalkyls indicating liophobic surfaces. As shown, the most signifi-
cant reduction was observed for the more densely packed groups of smaller size. The medium
coverage (CH,),C4F9 sample demonstrated relatively high specificity of benzene adsorption,
which was attributed to the presence of polar fragments of partially fluorinated groups
(CH,-CF,). The IR diffuse reflectance spectra showed neither bands at 3740-3750 cm™' and
nor at 4540-4550 e characteristics of the isolated Si-OH groups. Unlike the high-coverage
fluorinated silicas, the medium coverage ones demonstrated the residual Si-OH groups capa-
ble for hydrogen bond interactions with benzene. The shifts of the IR bands indicated that
these interactions were weaker for fluorobutyl- than for fluorohexyl-surfaces. This finding
was further corroborated by the static and dynamic adsorption. The TGA study demonstrated
high thermal stability of fluorinated surfaces. The onset of thermal degradation of fluorinated
silicas in nitrogen flow was observed above 300°C with the maximal rate of weight loss at
500-550°C.

1. .M. Roshchina, N.K. Shoniya, M.S. Lagutova, and A. Y. Fadeev, Zh. Fiz. Khim. 2008. V.
82. Ne 3. P. 470.
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OCOBEHHOCTH COPBLHUU AJIMPATUYECKUX AMUHOKHCJIOT
HA KOMINVIEKCOOBPA3YIOIIUX HOHOOBMEHHHUKAX

JI. I1. bonmapesa, B. ®. Cenemenen*
T'OYBIIO Bopouesicckas 20cy0apcmeenHas mexHoI0SU4eckds akaoemus,
394036, 2. Boponesic, np. Pesonroyuu, 19, e-mail: larbon@mail.ru
* FOYBIIO Boponesicckuil 20cydapcmeeHHblil yHugepcumen
394006, 2. Boponesc, Yuusepcumemcas ni., 1, e-mail: journal@chem.vsu.ru

Jns pacmmpeHnss TEOpEeTHYECKUX MPEACTaBICHUI O copOIun OU(yHKINOHAIBHBIX
COEJIMHEHUH HAa HOHOOOMEHHHUKAX, BbIOOpA PAllMOHANBHBIX YCJIOBUH NMPOBEACHUS U ONTUMU-
3al[MU pa3JelieHHss aMUHOKHCIIOT Ha COpOeHTax B OMOTEXHOJIOTMYECKUX MPOLECcaX BechbMa
Ba)XKHBI UCCJIC/IOBAHUS PABHOBECUII B MOJICIBHBIX CIOXHBIX CHCTEMaX, COCTOSIIIMX U3 MOHO-
0OMEHHUKOB, aMUHOKHCIIOT M KATHOHOB METAJIOB.

B kauyecTBe 00OBEKTOB MCCIIENOBaHUsS OBLIM BBIOPAHBI KOMILICKCOOOpa3ylomme Kap-
6okcunbabie (KB-2, Kb-4) u docdonossie (KPD-51 u KD-7) kaTHOHOOOMEHHUKH, aMHHO-
kapOokcmibHblil (AHKB-35) n amunodocdonossrit (Purolite S950), monuamdonuTsl B mnpo-
TOHMPOBAaHHON M JIEHPOTOHUPOBAHHOH (HATPHEBOi) Gopmax, KOTOpBIE B3aHMOACHCTBYIOT C
anudaTueCKUMU aMMHOKHCIOTAMH — TIJIMIMHOM, AJaHWHOM, BaJIMHOM M METHOHHMHOM,
HMCIOIMMH OJIM3KOE CTPOCHUE M KHUCIOTHO-OCHOBHBIC CBOMCTBA M Pa3iHYHYIO [UIMHY yIJIe-
BOJIOPOAHOTO paJivKaa.

OmnpeneneHHble B paboTe MHKPOKAJIOPHUMETPHYECKUM, CHEKTPO(OTOMETPHUECKUM,
CIIEKTPOCKONUYECKUMH, TOTCHIIMOMETPUYESCKIM U COPOLIMOHHBIM METOJaMU CTaTH4ecKas 00-
MEHHasi €MKOCTb, KO3()(GHUIMEHTH COPOLIMOHHOTO PaBHOBECHS, SHTAIBIINK COPOLIUH OTpaxa-
10T 3aKOHOMEPHOCTH BJIMSIHUSI HOHHOH (pOpMBbI HOHOOOMEHHHUKOB Ha B3aUMOJEHCTBHE ¢ HUMH
AMHUHOKHCIIOT. Y CTaHOBJICHO, YTO aMUHOKHCIIOTBI MPOSIBIISIOT TOBBILICHHOE CPOJCTBO K BO-
JIOPOIHOM (popMe KapOOKCHIBHBIX KATHOHUTOB.

Ha B3aumopelicTBUE aMHHOKHUCIIOT C KapOOKCHIBHBIMU KaTHOHOOOMEHHMKAMH OKa-
3bIBaeT CYIIECTBEHHOE BIMSHHE KHUCIOTHOCTH PacTBOpA, HMPOSBISIOMIASCS KaK B M3MCHECHUH
MOHHO#T (hopMbI cOpOEHTa 1 COpPOTHBA, TaK U B XapakTepe MpOTeKaromux peakiui. CTerneHsb
M3BJICYCHHMS, CPOJCTBO U SHTAJBINS COPOLIME aMHHOKKCIIOT BO3PACTAIOT ¢ pocToM pH BHemI-
HEro pacTBopa Jjisi KaTHOHOOOMEHHHKOB B MPOTOHUpOBaHHOH (opme. [TonmamponuTel, Ha-
NPOTHB, MPOSBISIIOT MaKCUMAIbHYIO €MKOCTh TPH COPOLMH aMHHOKHUCIIOT U3 HEHTpalbHBIX
pacTBopoB. OCOOEHHOCTh B3aMMOJCHCTBUSI aMUHOKHCIIOT ¢ AaMHHOKApOOKCHIBHBIM HOHO00-
MEHHHUKOM OOBSICHSETCSI €r0 CTPYKTYPHO# OpraHu3anieil 1 HaJu4ueM BOJOPOAHBIX CBS3CH
MpakTHYecku npu obom 3Hadenun pH. B kapOokcHiIbHOM KaTHOHOOOMEHHHKE, 00amaro-
IeM IJI00YJSIPHOM CTPYKTYpOii, HOHBI copbaTa MPOABHIAIOTCS BIUTyOb 3e€pHA Yepe3 MEKITIo-
OyJIsIpHOE MPOCTPAHCTBO, PACHpeNessisCh M0 BceMy 00BbEMY PaBHOMEPHO. DHEpPreTHYECKUE
3arpaThl Ha qu(Qy3H0 HOHOB M M3MEHEHHE MOJOXKEHHs (PYHKIHOHAIBHBIX TPYII KapOOK-
CHJIBHOTO TIOJIMMEpa BBIILIE.

IMony4yeHHbIe pe3ysIbTaThl MO3BOJMIN YCTAHOBHTH XapaKTep COPOLMOHHBIX B3aUMO-
JIEHCTBHUI B CHCTEMaX KOMILIEKCOOOPa3yIONiii HOHOOOMEHHHK — anudaTuueckas aMHHOKHC-
nota. IIpu MajbIX CTENECHSX 3allONIHEHUS] COPOCHTOB IPOUCXOJUT OOMEHHOE B3aHMOJICHCTBHIE,
MOCJIe HACBHIIICHHS] aKTHBHBIX LIEHTPOB — HEOOMEHHOE MOTJIOLICHHE aMUHOKHCIIOTHL. Jlomon-
HHUTEJIbHBIMUA AKTUBHBIMH LIEHTPAMU COPOEHTA SIBJISIOTCS MOTJIOMEHHbIE aMUHOKHCIIOTBI, KO-
TOpBIC B JAJIbHEHIIIEM IIPUHAMAIOT Y4acTHE B COpOAT-cOpOATHOM B3aUMOICHCTBHN.

PaGora BemonmHena mnpu ¢unHancoBoit mommepxkke OLII «Hayunble u Hay4dHO-
rejaroruyeckue kajapbl MHHoBaMOHHOM Poccun» Ha 2009 — 2013 roapl, rocyapcTBEHHbIH
KoHTpakT Ne I11041.
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FEATURES OF ALIPHATIC AMINOACIDS SORPTION ON HELATING ION
EXCHANGERS

L. P. Bondareva, V.F. Selemenev *
Voronezh State Technological Academy, 394036, Voronezh, Revolution av., 19,
e-mail: larbon@mail.ru
* Voronezh State University, 394006, Voronezh, Universitetskaya pl., 1,
e-mail: journal@chem.vsu.ru

To extend the theoretical concepts of the sorption of bifunctional compounds on ion
exchangers, the choice of rational examination conditions and optimize the separation of ami-
no acids on sorbents in biotechnological processes are very important study of equilibria in
the model complex systems, consisting of ion-exchangers, amino acids and metal cations.

As objects of study were chosen complexing car-boksilnye (CB-2, CB-4) and phos-
phonic (KRF-5s and CF-7) cation exchangers, amino, carboxyl (ANKB-35) and aminophos-
phonic (Purolite S950) polyampholytes in the proto- screened and deprotonated (sodium)
forms that interact with the aliphatic amino acids - glycine, alanine, valine and methionine,
which have similar structure and acid-base properties and different length of carbon-hydrogen
radical.

Defined in the microcalorimetric, spectrophotometric, spectroscopic, potentiometric
and sorption methods of static exchange capacity, sorption equilibrium coefficients, enthalpy
of sorption patterns reflect the influence of the ionic form of ion exchangers on the interaction
with amino acids. Established that amino acids show increased affinity to the hydrogen form
of carboxyl cation exchangers.

On the interaction of amino acids with carboxyl cation exchanger turns out to be a sig-
nificant influence acidity, which is manifested as a change in the ionic form of the sorbent and
sorbtiva, and in the nature of the reactions. The degree of extraction, affinity and enthalpy of
sorption of amino acids increases with the pH of the external solution for cation exchangers in
the protonated form. Polyampholytes, on the contrary, exhibit a maximum capacity for sorp-
tion of amino acids from neutral solutions. Feature of the interaction of amino acids with ami-
nokarboksilnym exchanger due to its structural organization and the presence of hydrogen
bonds in almost any pH. In the carboxyl cation exchanger, possessing a general globular
structure, the ions sorbate move deeper into, is distributed throughout uniformly. Energy costs
on the diffusion of ions and the change in the position of functional groups of carboxyl-strong
polymer above.

The results allowed to establish the nature of sorption interactions in the systems of a
complexing ion exchanger - an aliphatic amino lot. At small coverages sorbents are ex-
changed interaction, after the saturation of active sites - off-exchange absorption of amino ac-
ids. Additional active centers of sorbent is the absorption of amino lots, which then participate
in the sorbate-sorbatnom interaction.

This work was supported by the Federal Program "Research and scientific-
pedagogical cadres Innovative Russia" in 2009 - 2013 years, the state contract number P1041.
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AJICOPBLIMS 30JI0TOXJIOPUCTOBOJOPOIHOM KUCJAOTBI HA
AMHUHOKPEMHE3EME M OKCHJE AJJIOMUHUSL.
CBOIICTBA Au(IIT) n Au(0)-KOMITO3UTOB

T.J. Xoxinosa, H.A. 3ybapesa
Mockosckuii cocyoapemeennulii ynugepcumem um. M.B. Jlomonocosa, Xumuueckuii ¢paxynv-
mem Jlenunckue 2opwi, 0.1/cmp.3, 119991, Mockea, Poccus, adsorption@phys.chem.msu.ru

HUccnenosana ancopbuus HAuCly Ha KpemHe3eme, MOAM(PHIMPOBAHHOM Y-aMHHO-
MIPONUITPUITOKCUCHIAHOM (AMUHOKPEMHE3eMe) M Ha OKCHJIC aTFOMHHHSA. AMHHOKpPEMHE3eM
¥ OKCHJI AIFOMUHHMS 001anatoT 0obioi eMKocThio B oTHOomeHun HAuCly. M3mepens! criek-
Tpbl quddysHoro paccessHus B Buaumoit (390 — 750 HM) u uHppakpacHoO o0IACTIX 3THX
Au(Ill)kommo3utoB. Au(IIl)kOMIO3UTHI CENEKTUBHBI B OTHOIICHUH acOpOIMu (heHHIaeTn-
nena (PA) u3 okraHa 3a cuer oOpasoBaHusi m—komiuiekcoB ¢ Au(Ill). Xapakrepuctuku
Au(Ill)-xomno3utoB - coxepxkanue [AuCly] MKMONB/T, HMOBEPXHOCTHAs KOHIICHTpALIUS
CauCla-, MKMOJ’IL/MZ, MOJIOKEHUE MAKCHMYyMa IMOJIOCHI MOTJIOMICHHS (I1.11.) Ayaxe M TIPEICIbHAS
ancopouus PA - Ay, MKMOJIB/T U ay, Mosib @A/Monbe AuCly” npusenensl B Tadmue. Kommo-
3UT Ha OCHOBE OKCHJIAa AFOMUHHMS 00JaJaeT CymecTBEHHO Oonbuiell eMKocThio o DA, uem
aMHHOKPEMHE3eMHBIH C TeM e CoJiepKaHueM 30J10Ta. [Ipr 0JTHHAKOBOM COIepIKAHUH

Hocurens [AuCly], CauCld-s An, am, Mvaxes
MKMOJIB/T MKMOJIb/M MKMOJIB/T MOJIb/MOJIb HM
AMUHO- 400 4.0 110 0.28 408
KpeMHe3eM 120 1.2 6 0.05 522
S = 100m*/r, 60 0.06 10 0.17 546
[-NH;] =500 0 0 18 - -
MKMOJIB/T
OKcu1 aroMu- 120 1.5 105 0.88 410
Hust S = 80M%/r
0 0 0 0 -

[AuCls] = 120 mxmonb/T ero emkocts o @A (A, = 105 mxmons/T) B 18 pa3 Gonbme. s
KOMIIO3uTa Ha ocHOBe okcuaa amtomunums ¢ [AuCly] = 120 MxMoib/T BenuumnHa a, = 0.88
pUMepHO B 3 pasa OoJibliie yeM HanOombliee 3HaYCHHE ay, = .28, mojgydyeHHOe Ha aMHHOK-
peMHe3eMe cO 3HaYHUTeNIbHO OonbinnM conepikanueM [AuCly] = 400 mxmons/r. BeposTHo,
o0pa3oBaHHe KOOPAMHAIIMOHHBIX CBS3CH MEXAy CBOOOAHBIMU aMHUHONPONMIBHBIMU TPyIIIa-
MH KPEMHE3eMHOI'0 HOCHUTENSl U aTOMOM 30J10Ta mpensarcTByeT aacopouun ®A. O6 obdpazo-
BaHWM TAaKUX CBS3EH CBHUJCTENBCTBYET, MO-BHIMMOMY, CMEIICHUE Ayaxc OT 408 110 522 u 546
M npu ymenbineHnn [AuCly] ot 400 no 120 u 60 MKMOJIB/T. Y MEHBIIEHHE HHTEHCUBHOCTH
U CMEIIEHHE B 00J1aCTh HU3KMX YacTOT IL.II. BAJICHTHBIX Konebanuit NH, rpynmn nocie moau-
¢umupoanus HAuCl, taxke moarsepxnmaer 1o npeanonoxenue. B UK cnexrpe Au(IIl)-
KOMIIO3MTa Ha OCHOBE OKCH/a aJIFOMHHUS MOJHOCTBIO Hcue3aeT m.i. OH rpynm noBepxHocTH
3080 cm™'. B MK criextpax Au(0)-KOMIIO3HTOB, IPHUTOTOBICHHBIX BOCCTAHOBICHHEM aMHHOK-
pemuesemHbix Au(Ill)-komrosutoB mpokanusanneM mpu 600 °C, B pesynbrare yaancHus
CBSI3aHHBIX THAPOKCHIIOB MOSIBIISIOTCSI IL.I1. CBOOOIHBIX THIPOKCHIIOB. DJIEKTPOHHBIE CIIEKTPBI
(Maxe 511, 504 m 512 HM) Onu3ku as Tpex oOpasIOB, YTO, BEPOSTHO, CBUAETEILCTBYET O
OJIM30CTH pa3MepOB IMMOOMIN30BaHHBIX HaHOYacTHI Au(0).

Paboma svinonnena npu unarcosoti noooepicke PODOU (epanmor Ne 10-03-00999 u Ne 11-
03-01011).
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ADSORPTION OF GOLDHYDROCHLORIC ACID ON AMINOSILICA AND
ALUMINA. PROPERTIES OF Au (III) AND Au (0) COMPOSITES

T.D. Khokhlova, N.A. Zubareva
M.V. Lomonosov Moscow State University, Department of Chemistry, Leninskie gory, 1/str.3,
Moscow State University, Moscow 119991, Russia,
adsorption@phys.chem.msu.ru

Adsorption of HAuCl, on silica modified with y-aminopropyltriethoxysilane (aminosi-
lica) and on alumina is investigated. Aminosilica and alumina have a large capacity for
HAuCly. Their specific surface area are 100 and 80 m2/g, respectively. The spectra of the dif-
fuse scattering in the visible (390 - 750 nm) and infrared regions of the Au (III) composites
are measured. Au (III) composites are selective at adsorption of phenylacetylene (PhA) from
octane by forming n-complexes with Au (III). Characteristics of Au (III)-composites - content
[AuCly-] pmol/g, the surface concentration Caycis-, umol/mz, the position of the absorption
band Amax, limiting adsorption PhA - Am, pumol/g, and am, mol PhA/mol AuCls- are shown in
the table.

Carrier [AuCl4 ], CauCld-> Ap, ap, y —

umol/g pmol /m’ umol /g mol/mol HM

Aminosilica 400 4.0 110 0.28 408

[-NH,] = 120 12 6 0.05 522

500 pmol /g 60 0.06 10 0.17 546
0 0 18 - -

Alumina 120 1.5 105 0.88 410
0 0 0 0 -

Alumina Au (IIT)-composite have the greater capacity for PhA than aminosilica com-
posite with the same AuCly- content. With the content [AuCly-] = 120 pmol/g of its capacity
for PhA was 18 times greater. For the composite based on alumina with [AuCly-] = 120
umol/g value a,, = 0.88 about 3 times larger than the largest value a,, = 0.28, obtained for
aminosilica containing [AuCls-] = 400 pmol/g. Probably, the formation of coordination bonds
between free aminopropyl groups of silica carrier and a gold atom prevents adsorption of the
PhA. On the formation of these bonds indicates, apparently, shift of Amax from 408 to 522
and 546 nm with [AuCls-] decreasing from 400 to 120 and 60 pmol/g. Decrease in intensity
and shift to lower frequencies of absorption bands stretching vibrations of NH, groups after
modifying with HAuCl, also confirms this assumption. In the IR spectrum of alumina Au
(IIT)-composite completely disappears absorption band of OH groups of the surface 3080 cm™.
The IR spectra of Au(0)-composites prepared by reduction of the aminosilica Au (III)-
composites, calcined at 600 ° C, the removal of associated hydroxyls appear absorption band
of free hydroxyls. Electronic spectra (Amax 511, 504 and 512 nm) are close for three samples
of Au (0) composites that probably indicates the proximity of the size of immobilized Au(0)-
nanoparticles.

This work was supported by RFBR (grants Nel0-03-00999 and Ne 11-03-01011).
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AJCOPBIMA ®PU3NOJITOI'NMYECKHA AKTHUBHBIX T'M/IPOKCUCTUJIBBEHOB
N3 HEBOJAHBIX PACTBOPOB HA CUJIMKAT'EJIE

K.E. INomysun, U.A. Ilonyanna, A.B. Jlapun
Yupeowcoenue Poccuiickoul akademuu nayx UHemumym gusuueckoil Xumuu u 31eKmpoxumuu
um. A.H @pymruna PAH, 119071, Mockea, Jlenunckuii npocnexm, 31, larin@phyche.ac.ru.

Ilpuponuble  NMONMU(CHONBHBIC  COCAMHCHWS —  CTWIBOGHOMABI,  OONANaloT
YHUKaQJIBHBIMUA (U3UKO-XMMHYECKMMH U (U3MOJIOTMYECKUMH CBOMCTBaMHu. McciemnoBanue
agcopOuuK MoaudeHONIOB M3 HEBOAHBIX PACTBOPOB MMEET OOJBILOE 3HAYCHHE KaK JUis
(yHIaMEHTANBHON HAyKH, TaK M IPAKTHYECKOro IpUMCHEHHs. IIpu pasjeneHun
MHOTOKOMITOHEHTHBIX CMECEil PACTUTENIBHBIX IKCTPAKTOB U BHIJICTICHUH KOHEUHOTO TPOLYKTa
XUMHYECKOTO CHHTE3a IIMPOKO HCIOJIB3YIOTCA aACOPOLMOHHBIC METOIBI (KOJOHOYHOU H
TOHKOCJIOIfHOH Xpomatorpaduu). B kauecTBe mOABIKHOM (a3l HCHONB3YIOT OpraHUYECKUE
pacTBOpPHUTENH, TaK KaK CTHILOCHOW/BI MPAKTUYECKH HE PAacTBOPUMBI B Boje. OOBEKTOM
HCCICAOBAHMUSA CIYXWIM MAaJOM3yYCHHBIC T'MAPOKCHUIIPU3BOIHBIC mMpaHC-CTUIbOCHA:4-
TUPOKCUCTINBOCH, AUSTUICTHILO3CTPON, MHHOCTHILOEH, PE3BEPATPON], PAOHTHICHUH H
nuieaTanHodi, cogepxane ot 1 1o 4 OH rpynm.

ANCOpPOLIOHHBIC  B3aHMOJCHCTBUSL YKAa3aHHBIX IPOM3BOAHBIX MPAHC-CTHIBOCHA
U3y4eHbl CTATHYECKUM METOJAOM M METOJaMU BBICOKOI((EKTHBHOW M TOHKOCIOWHOM
xpoMmarorpadun. B kadecTBe agcopOeHTa ObUT BEIOpaH HEMOPUCTHIN a3pocui Gpupmbl Degus-
sa. AncopOuust U3 cMecH 3THiIaleTaTa U H-rekcaHa B 00beMHOM cooTHomeHuu 1:1 n3ydena
pu 20 °C. OBHapysKeHo, 4To B HHTEpBANe KOHIEHTpamuii ot 0,5 10 40 MMOIB/T H30TEPMEI
a/ICOpOLIMH BCEX M3YUYEHHBIX BEIECTB yJIOBJICTBOPUTENIBHO AIlIPOKCUMUPYIOTCS ypaBHEHHEM
Opeitnumixa. [Ipn konnenTparusax 30-40 MMOIIB/IT U30TEpMBI aJICOPOLIMH BBIXOAT Ha I1JIATO.
BenuuuHbl  MakCUMalbHOW — aACOPOLMM  M3Yy4YEHHBIX  BELIECTB  MPOMOPLHOHAIBHO
YBEJIUYUBAIOTCS OT 4-THIPOKCUCTWIILOGHA [0 TMIeaTaHHOJA C YBEJIMYEHHEM YHCIa
TUAPOKCUTPYIIT B MoJeKyne ajncopbara. IIpoBefeHO CpaBHCHHE aiCOpPOLUM IPOU3BOJHBIX
cTunbOeHa u GeH301a ¢ 0AMHAKOBBIM KonnuectBoM OH rpymm.

MetonoM ToHKOCIHOIHONW XxpomaTtorpadhuun Ha tactuHkax Silica gel Fasy (Merck)
M3MepeHbl GaKkTopel Ry B CMeCAX H-TeKCaHa C Pa3IMYHBIMH TOJISPHBIMHA MOJH(QUKATOPAMA.
OO6HapyKeHa IIPaKTHYeCKH JHHEWHAs 3aBUCUMOCTh I/R; OT dUHCIa THOPOKCHUTPYNII B
MoJieKysie ajgcop6ata. ITlomydeHsl KOppensauy MeXTy dMIUPHIECKUMH KodpduienTamu Ry
u k’. Koaduuuentst k’ nzmepensl merogom HO BOXKX ¢ ucnonszopannem Cunoxpoma-600.
B OunorapupmMudeckux KOOpAWHATAX OOHAPYKEHBI JHMHEHHBIC 3aBHCUMOCTH Kk’ OT I0JH
MOJISIPHOTO MojauduKaTopa (3TMianerara) B noaBmwkHOW dase (H-rexcan). ITokaszaHo, uTo
azcopOLusi MPOM3BOIHBIX CTHIBOCHA HAa OKCHIE KPEMHHS OIPEHEIIETICS, B OCHOBHOM,
YHCIIOM ¥ TIOJIOKEHHEM T'MAPOKCUTPYIIT B MOJIEKYJIe CTHIbOCHOU1a. METOKCUTPYIIbI Ha UX
aJICOPOIMIO TIOYTH HE BIIHSIOT.

UycneHHbIE 3HAYCHHS IONYYCHHBIX KO3()(HUINEHTOB OBUIM HCIIONB30BAHBl IS
NPOBEJICHUs. YUCICHHOTO MOJEIMPOBAHUS MPOLECCOB JTUHAMUYECKOrO pa3[eeHHs] cMecei
(U3UONIOTHYECKN aKTUBHBIX IPOM3BOAHBIX CTHIBOCHA B JIMHEHHOH 00JacTH H30TEpM
ancop6uuu. OGHapyKEHHBIE 3aKOHOMEPHOCTH MOTYT OBITh HCIIOIb30BAaHBI IS ONTHMH3AIIH
YCIOBHI TPAKTHYECKOTO pa3leieHHus CMecell THIPOKCHCTHIBOCHOB M3 PACTUTENbHBIX
9KCTPAKTOB U U3 CMECEH MPOAYKTOB XMMHYECKOTO CHHTE3A.

PaGora BeimosHeHa npu ¢unancoBoit noguepskke PODU (rpantsr 11-08-01083 u 09-08-
01231).
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ADSORPTION OF PHYSIOLOGICAL ACTIVE HYDROXYSTILBENES
FROM NON-AQUEOUS SOLUTIONS ON SILICA

K_.E. Polunin, I.A. Polunina, A.V. Larin
Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences,
Russian Federation, 119991 Moscow, Leninsky Prospect, 31. e-mail: larin@phyche.ac.ru

Natural stilbenoids are characterized by a number of unique physical-chemical and
physiological properties. Study of the polyphenol adsorption from non-aqueous solutions is of
a great importance for both fundamental knowledge and practical application. In particular,
the separation of multicomponent mixtures of plant extracts and isolation of the final product
of chemical synthesis widely uses the adsorption methods, such as column and thin layer
chromatography. Still now, adsorption behavior of these solutes is not studied in details.

The objects of the research were physiological active trans-hydroxystilbenes: 4-
hydroxystilbene, oao'-diethyl-4,4'-dihydroxystilbene (diethylstilbestrol), 3,4'-dihydroxy-5-
methoxystilbene (pinostilbene), 3,5,4'-trihydroxystilbene (resveratrol ), 3,5,5'-trihydroxy-4'-
methoxystilbene (rapontigenine) and 3,5,4',5'-tetrahydroxystilbene (piceatannol). In all cases,
organic solvents have been used because polyphenols are practically insoluble in water.

The adsorption interaction of these stilbene derivatives was studied by the batch me-
thod and by high-performance and thin-layer chromatography. Silica aerogel from Degussa
was selected as a non-porous adsorbent. Adsorption of stilbenes from mixture of ethyl acetate
and n-hexane in a volume ratio of 1:1 was studied at 20 °C. We found that in the concentra-
tion range of 0.5 to 40 mmol / 1 the adsorption isotherms of studied substances were satisfac-
torily approximated by the Freundlich equation. At concentrations of 30-40 mmol / 1 the iso-
therms of stilbene adsorption reach a plateau. The values of maximal adsorption of the stu-
died compounds are different and almost directly proportional to the number of OH groups in
a molecule of adsorbate. Additionally, it was compared the adsorption of hydroxyderivatives
of stilbene and benzene.

By thin layer chromatography plates Silica gel Fas4 (Merck) were measured R factors
in the mixtures of n-hexane with different polar modifiers. Reciprocals of these factors are
also almost linearly dependent on the number of OH groups in molecules of stilbenoids. It
was obtained the empirical correlations between Ry and k'.

The coefficients k' were measured by HPLC as the function of ethyl acetate concen-
tration F in n-hexane as a mobile phase. It was found a satisfactory linear dependence be-
tween logk* and logF for different stilbenoids. The slopes of these curves are also almost li-
nearly dependent on the number of OH groups in stilbenoid molecules. It was shown that the
adsorption of stilbene derivatives on silica is determined mainly by the number and the posi-
tion of hydroxyl groups per molecule of solute. Methoxy groups have a negligible effect on
the adsorption properties of hydroxystilbenes.

The numerical values of the coefficients obtained were used for simulation of dynamic
separation of mixtures of physiologically active derivatives of stilbene in the range of linear
adsorption isotherms. The observed patterns can be used to optimize conditions for the prac-
tical separation of mixtures of plant extracts of hydroxystilbenes and mixtures of products of
chemical synthesis.

The adsorption of stibenoids and phenols on silica is compared. It is found that their
adsorption properties depend directly on the amount of hydroxyl groups and are similar for
phenols and hydroxystibenes with similar amount of hydroxyl groups.

This work was supported by RFBR (grants 11-08-01083 and 09-08-01231).
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OINMACAHME AJCOPBIIMOHHOM JE®OPMAIIMA MUKPOIIOPUCTBIX
AJICOPBEHTOB

B.B. Habuynun, A.B. TBapnosckuii, A.A. ®omkun*
Teepckoii cocyoapcmeenHblil mexHu4ecKuil yHusepcumem
170026, 2.Tsepw, nab. Agh. Huxumuna, 22, e-mail: nabiulinvv@rambler.ru
* Unemumym ¢huzuveckori xumuu u snekmpoxumuu um. A.H. @pymxuna PAH

H3BecTHO, YTO MPH aAcOpOLMH Ta30B U MApOB TBEPIbIC Tela U3MEHSIIOT CBOU Pa3MEpHI.
3anava onycaHus aJCcoOpOLMOHHOM AedopMaliiu aacopOeHTOB BaKHA KakK ISl TEOPUH, TaK U
JUISl TPUKIIAHBIX 1esieil. B paboTe paccMOTpeHbI 3aBUCHMOCTH a/ICOPOLIMOHHOM edopMariiu
MHKPOIIOPHCTOr0 YrIepoAHoro aacopGenta AP-B (W= 0.26 cv’/r; Eg= 15.8 kJIx/M01b; Xy
=0.76 uM) npu axcopOuyn H-rekcaHa. IIpeuIoKeHO ypaBHEHHE, CBA3BIBAIOLICE OTHOCHTEb-
HYIO JHHEHHYI0 Ae(opMaIuio Bcero ancopOenta ¢ aedopManueil oIHOW MHKPOIOpPHI HO-
CIICIIHETO:

Ad

Al _ 2kn.0 7

0 AdY
3 —k“_o(l + 27J

rae d - s¢dexTuBHas mupruHa MUKpONopsl; Ad /d - oTHOcuTeNnbHAs JUHEHHAs nedopMalus
Mukponops; Al/] — oTHoCHTeNbHAs JHHeHHas nepopManmst afcopOenta; Ky, - HauanbHas

MOpPHUCTOCTh ancopOenTa. [lpemnokeHHas (GopMyiaa MO3BOJSET, PACCMATPHBAs BEIHYHHY
neopManyy B 0JJHOH MHKPOIIOPE, ONPEICIINTh BEIMYHHY Ae(OopMaliii BCEro aacopOeHTa.

OTHOCHTEJIBHYIO JIMHEWHYIO Ae(hOPMAIMI0 OJHOH MUKDPOIOPHI B MEPBOM MPUOIHKECHUH
PacCUMTHIBAJIN CIIEAYIOIIUM 00pa3oM:
A7d:i[_0_1N1 +02N2]

d E
IZie o) — JaBJCHUE, BbI3bIBAEMOE aJCOPOMPOBAHHBIMU MOJIEKYJaMU N; B IPOU3BOJIHHOM
(hparmMeHTE MUKPOIOPHI TP B3aUMOAEHCTBUY C €€ CTEHKaMH; 0, - JIaBJICHUE, BBI3BIBAEMOE B
JTAHHOM (pparMeHTe aIcopOMpOBaHHBIMU MOJIEKyJIaMu N>, HEMOCPEACTBEHHO HE KOHTAKTH-
PYIOILIMMH CO CTCHKaMH MUKponopsl, E — moxyns FOHra. Pe3ysnbraTel pacyera uis yriepon-
HOT0 MHKpPOIIOpPUCTOro ascopOenta AP-B npencraBieHbl Ha pUCYHKE.

L Puc. 3aBHCHMOCTH  OTHOCH-

TEeNbHOU JHHEHHOW nedopma-
2 UM MHMKPOIIOPHUCTOTO  yTJIe-
3 poxasoro ancopbenta AP-B ot
BEJIMUMHBI aJCOPOLUM IapoB
H-TEKCaHa IIpY TEeMIepaTypax
T,K:1-254.8;2-273.2,
3 — 293. CuMBOJIBI — KCIEPH-
MeHTanbHble JaHHble. Cruonm-
a, mmol/g HBIC JINHUU — pacyeT Ha OCHO-
B€ NPEUIOKEHHON MOJIEIH.

A%

0.8 4

0.4 4

0.2 4

340



DESCRIPTION OF ADSORPTIVE DEFORMATION OF
MICROPOROUS ADSORBENT

V.V. Nabiulin, A.A. Fomkin’, and A.V. Tvardovskiy*
“Tver State Technical University, emb. Af. Nikitin 22, Tver, 170026, Russia,
bFrumkin Institute of Physical Chemistry and Electrochemistry, RAS, Leninskii av. 31,
Moscow, 119991 Russia, e-mails: nabiulinvwv@ramber.ru; fomkinaa@mail.ru

The adsorption interaction of adsorbate molecules with the surface of a solid adsorbent
leads to a change in its state, particularly to deformation. The adsorption deformation of the
adsorbent can have a considerable effect on the behavior of the thermodynamic functions of
the adsorbent—adsorbate system.

This work studies the adsorption deformation of AR-V carbon adsorbent with a complex
porous structure comprising micro-, meso-, and macropores. The structure- energy characte-
ristics of the AR-V adsorbent, i.e., a specific volume of micropores Wy = 0.26 cm’/g, a cha-
racteristic adsorption energy Eq = 15.8 kJ/mol, and an effective half-width of micropores xg
=0.76 nm.

The equation of elastic adsorption deformation of microporous adsorbents is:

Ad

2k, —
A P,0
L d (1)

1, [, MY
37km[1+27j

where d - effective width of micropores; Ad /d - relative linear deformation of micropores;
Al/l — relative linear deformation of the adsorbent; kp, - is the initial porosity of the

adsorbent.
The relative linear deformation of micropores can be calculated as
Ad 1
7=E[—61N1 +0'2N2] 2)

where o) — pressure caused by the adsorbed molecules N; in any fragment of micropores at
the interaction with its walls; o, — pressure caused by the adsorbed molecules N,, directly not
co-operating with walls of micropores of this fragment, E — Young's modulus.

The results of calculations using Eq. (1,2) of isotherms relative linear deformation of the
AR-V carbon adsorbent on the adsorption of vapors of n-hexane are presented in Fig. (solid
lines).

14

A%

Fig. Dependences of the relative li-
near deformation of the AR-V carbon
adsorbent on the adsorption a of va-
pors of n-hexane at temperatures T,
K: (1) 254.8,(2) 273.2, (3).

Al/l is the relative linear deformation
of the adsorbent; a is adsorption;

0.8 4

0,6 4

0.4

024

a, mmol/g symbols are experiment; solid lines
0 show calculations using equations 1
25 3 and 2.
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REMOVAL OF REACTIVE BLACK 5 BY ADSORPTION ON CARBON
BLACK

Davila-Jiménez M.M., Elizalde-Gonzalez M.P., Garcia-Diaz L.E.
Universidad Autonoma de Puebla, CU Edif. 103H, Puebla, Pue 72570 Mexico
Fax +0052-222-2295525, mdavila.uap.mx@gmail.com
Ania C., Montes M.A.
Instituto Nacional del Carbon INCAR, CSIC, C/Francisco Pintado Fe, 26. Oviedo, Spain

The removal of color from dye wastewater is one of the most important environmental issues
even at low concentrations [1]. In the present work, the adsorption of reactive Black 5 (RB5)
by adsorption onto a carbon black (CB) was investigated. The adsorbent was used with its
original granulometry and after ultrasonic treatment. Our aim was to investigate the decolori-
zation by adsorption of the solution containing not-hydrolyzed and hydrolyzed species of RB5
and to determine the influence of pH on the decolorization process. The species of RBS
present during adsorption in acidic, alkaline and neutral pH were identified by HPLC-MS.
Adsorption studies showed that adsorption is a quick process with a rate constant k, = 0.28
min™ for a pseudo-second order reaction according to Ho’s equation. The adsorption isotherm
of the fully and partially hydrolyzed RB5 dye was measured at pH 13 and was well described
by the Redlich-Peterson equation.

o
Il
HO,S N=N E\/\OH
as
C o
HO,S N=N g O
3 W e s W e EE
Fig. 1 Hydrolyzed dye RB5. Fig. 2 SEM image of the studied Carbon Black.

Table 1. Textural parameters of the studied materials

SBET VTOTAL Vmicro ores Vmeso ores Wo (DR, NZ)
Carbon P P

[m’/g] [cm’/g] [em’/g] [em’/g] [em’/g]
CB 23 0.166 0.001 0.061 0.008
CB treated 27 0.152 0.001 0.053 0.009
References

[5] O.1J. Hao, H. Kim, P.-C. Chiang, Critical Rev. Environ. Sci. Technol. 30 (2000) 449.
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