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REVERSIBLE CHANGES OF EDGE B-ELECTRONIC STATES OF MULTILAYER GRAPHEN E
NANOCLUSTERS UNDER INFLUENCE OF ADSORBED CHLORINE MOLECULES

The reversible decrease in the density of states of current carriers:PéEthe Fermi lev-
el Er for nanographites- structural blocks of activated carlofibers, at their interaction with ad-
sorbed chlorine molecules, has been found. It has been shown that this effect can be explained by
the spinsplitting of edge” -electronic states in nanographites induced by the enhancement of
electronelectron interacions due to increase in the D} at partial transfer of the electron den-
sity from adsorbent to adsorbate. The revealed irreversible decrease in the concentration of local-
ized spins at nanographite chlorination indicates that the spins of electrons of wmated (dan-
gling) G-orbitals of edge carbon atoms and those of chlorine@pitals are coupled at this inter-
action, i.e. the edge covalent compound of nanographite with chlorine forms.

Key words: nanographite, edgeelectronic states, adsorption, chemical activity, naaulgjte com-
pounds, chlorine
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BEHAVIOR OF CARBON AND URANIUM AT RADI OACTIVE GRAPHITE HEA TING
IN WATER VAPOR. THER MODYNAMIC MODELING

The behavior of radioactive graphite was studied by the method of thermodynamic model-
ing at high temperature in water vapor. The distribution of radioactive carbon andniman on
phase states is given.

Key words: thermodynamic modeling, radioactive carbon, uranium, phase states
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CO-CRYSTALLIZATION O F Ceo AND # 70 FULLERENES IN CRYST AL -SOLVATE [(C 7o)x+(t s0)v] L
TMTSEF L 26l efam+z=3)

The compexation of §70/Cso) fullerenes with organicpo-donor of electrons tetramethyl
(tetra selenium)fulvalene (TMTSeF) in berne &q ) was studied. Comparison of experimental
and calculated Xray patterns showed that in the investigated single crystals ofo)¢€(teo)y] A
T MT S 8(EGstAs) (R+12=3) (1) w70 and Gy fullerens are cecrystallized. IR spectral data and elec-
troconductivnity of 1 indicate the absence of the charge transfer on fullerene molecule for com-
plexes under study.

Key words: &0, Cro fullerenes, tetramethyl(tetra selenium)fulvalene (TMTSF), powdeyXcrystal-
lography, crystathemical modeling, IR spectroscopye@troconductivity

IFlroreeu (1 . Cdzj g dalsdz" 2 OdzOdzdL 1.C ted Ml

t Odzj § [ 1] dzOdsd Mtstss hldad%@nhdz“s%;éh?{é"q%@; L 7494@3'@414901 .1

flls O dzdzts ®  fR@MISEFA(@GHe)3 .C [ H dzO
H Odzdzr o3 d313dzts§tsq’ﬁ']l566)dzl dz,tsGts HTR ﬁ;sﬁz&{g §@d, gzorﬂteorfnlsc

0 o2 d30|so[1ufr]§

IZso dls! MistkClsbtel dzjo skswmd |
BEdj Sz TMLSGE] dj éj dzts ts dé@ ﬁ“&fé@d“‘,’wfg
LGB dyds" & ks, Yt Qtsts EZ g 1S 16, s . e
Yoz i eOB B f dF  § od B o2 A AL
fsdzdztsfls: & . 1 W Odzdzts 2 tGO J JqHJd% @H%dér?élis” f’L?
fsHlse | ahjdysjLlE fntsc‘is%f%qsb 9 < szo tG@J‘;dgg'_
Wz dzdzj te otz & to d f)ls O dzdztsgy s dF B DEE u[‘f(t% 84 HJ d f d
( #)JOMTSeRA(CHe) (R+k = 3) . Remy J CEtsidsy d € 1Pa SO0 § o
Y TMTSeF dL®&jteWdd o kOBjEjlsSO
CsulrtRIT1VUO] BWPC Yo i3 10000 dz®f RGIstonstig sjicj P

1:
wddzls j L S ts a3ty RdgOk j[ ZD Irﬂer%o Erum BX o fMfjClsteOdz dats
te@j Isd dzls j Iste O dzj dgO W(ZTdA TeSH B jP iz CBdB3dzOIsdzts? Isj di3f j Oskz
v MmddelsjL O Codsfdzy CM@ B' dz} B9 BH ¢ &epbilings Clgafizipdg] te v dzd
f sy dzdz 2 65t d B3 Pldasand C p MEPEHPlaY 5 WSS 6 R Ctsdas OC Is
(6jOCIsdar Wdtedsr Al dri chhgzd@dgysmEs § cEDmREERJIs] 6d
dzj 2 qmq¢dzmajsagatﬁ24ts4cdzOdzdzrls:lzte;tsn?ummﬁcﬁﬁi@mdz@wurmﬁﬁmwdﬂ@ﬁ‘-fnC
HjGOL dtotseHO dzdp joAs 5@ 53 d3j H drj Qigltghs ¢ isdgj@igptastdn s ' ¢, "d@o dats 2
toj dedw t@iPlso AdsoB ™ dzd ¢ tsazif BE gz A migoOomwde j sMisalzjls ot
Cif dzj SMO [ 70 [ MEGH( @He)z@ M detzac) W lzdzdzj toj dese [ 3, 4] .

22 RL9. obkLrtsa. mddidw d ndd 9l n dats



Izv. Vyssh. Uchebn. Zaved. Khirkhim. Tekhnol. 206. V. 59. N9

3500 —
3250 - /‘ |

3000 H
] . 10000.0 -

2750 l', J |‘ |
5 1 | 9000.0 -|
g2 2009 L | ‘
Z ns0d | | f| 8000.0 -
£ 2000 , \ ‘ H 7000.0
3 i
£ 1750 | | | | 6000.0 -
8 1 |
% 1500 ] h*; | ‘ || 5000.0 +
E 1250 M \ | |
Z 0] ( [ A 4000.0 4
1000 W‘Mjhw T ;\‘ J n bt
750 | W/ Wiy, 2k y
] o 2000.0 4
500 Wil l-a«w
250 ] " 1000.0 -
1 0.0
0 T T T T T T T T T T 1
H 6 5 14 16 15 20 2 4 26 A 10 {!I [0 0T T IIIIIIIII¢IIIIIIII IIIIIIIIII‘IIIIIIIIIII-I-----
10.0 15.0 20.0 25.0 30.0
26, rpan
0] B
10000.0 - D e
9000.0 $600.0
8000.0 4 8000.0
700001 7000.0
6000.0 6000.0 -
5000.0 - 5000.0
4000.0 - 4000.0 -
3000.0 - 3000.0
2000.0 - 2000.0
1000.0 /\’ \ﬂ/\;,w—/v\_,\ wioll
0.0 0.0
LI ]lll RYIIRY B illllllll LR RN ‘lllllllll.l-.----- NTTIRN T RV LT *IIIIIIII L RN ] ‘IIIIIIIIIII-I_---‘
8 10.0 15.0 20.0 25.0 3 8 10.0 15.0 20.0 25.0 30.0
9 G

tdm. CCMmf jted dsd dzls Odz? dzOW e dzls 6 § dats G t6 O d3dgit+(vGo)d d frlds OTdMidstHe R (3 2H(fCs 8O ¢ OP |
Isj stej I doy jdbislc j dzts 6 tc O dgdz7ol K NETH SasdAA®OG B8 CW Iz dzdzj tej detso (B )o), ds tstiolas dedzgts I iy lizt
szter (6). 1t thd O0BMydmm L doOyjddy kedtss 2d offcttOH, (i S
Fig. Experimental Xray pattern of the crystals of supposed compositionf{€de)s] L T MT &le E+zE3R(@ @hd calculated
X-ray 3Go: T MT S e dH4) Rithodt fullerenesk), only with fullerenesg) and full structured). here axis of abscississangle 2in
degree, axis of ordinates is relative units in imp/s

trrvf?2vduv3 RrRMREIEBL  f dzj SINPBSHIS jtey HOJ IsMw H O dzdz" o2
[Odzdzr | { dzj o) des daigg G O EEEFEHdBENEd RO ddstid ks O
Mesfdd dzj YtLotddd] %Z%gdz@%@@%‘%%@p*ﬁ%@wwms
RO dddjal € ted MEBQAELBE Y b dezg 1) s ) o HOD IBEIDT] & ~ukst Mo dH
deoo [ OCMddzdy d MWWQSSQIZJIS 5 MdzOssd3 1§ jt6j dzts

fsdtsh §oedshjddY JdieotEd 5 H % 9 lc e Bk O dzd
f dzj 4,00 l@Coffj Husdestc® 1 o) ogjf{%r%%ofbhér'zi lsdsts)lisddzzttssfntsb‘

sOBddyj .l sdsh] Gtddsty i _ . ;
HOjls ) &dlsjeOkttd dq CYE{GgSm]lJ}WW%FEE;éE%‘B;\s gq‘swdﬂ
% . s o ’
B~ w l% so ol MtsC ts1
j %%5 stz ™ 0?45%4 '

H

Hedst® d OCyjfltO o gtség%

dzj dzd 2 -2 dzBy B1) Sdftgf G f sC Ozj Bl & azis dg

HEdsteO o ftsfll@m)j mm@ggs_qugg %%@.dzg@du%jd sh)dg dnotf § tmégz;;d

& Yot 5w sl d5  fsdsy ) 8% N5 %5515‘5%4 W@gﬂlé@fs 5

TMTSeF (lOBddy0O). Clt-t %‘1“0%‘% Ao ;1544 dg
&z

: e
Hj-lOOd Miso s  odl By MBsE J e’ Sdzj BOded ™ B3 " dzf L 2dz

TMTSeF d OCyjflsseO o ¢ qmbrﬂvdzoﬁgsd?@’yﬁ quE&Fg%g&%LRosgdz
ts =

Codlf dzj SMO. 1rosH & Sdiwtd Bddss i 9§ f t5d

RL9. obkLrtsea. mddkdw d ~Rdd. 9jnrndtsdzsedw. 2016. v. 5923 1 (.

Isj dz desdzf§ j e o M J CIsteOn




Izv. Vyssh. Uchebn. Zaved. Khirkhim. Tekhnol. 206. V.59. N9

[ OCmddEd (N dsnds ) & “zqndz%s R fn% ISR D
fsdsh §scdsh | ddw ledy;ldezg{er](O"’_tlé %%%5)#4 ©OBBO AR OL Od
Table.Maxi fﬁtsgmm'olec\Jﬂ(?ﬁ?Fdl ]OISJOB Brdd fwsojnjd ©OMY
able.Maxima of the absorption bands (cr) and rela- - -
tive intensities* of absorption bands of complex 1, ¢, e agls G‘_l dZBthOd:“_B L I-!'Odzdz,f a3
Ceo and TMTSeF donor molecule teR. Isy ®BtejIsdyd MSts@ dzdgii ddlste ¢ figdsd

Co | Co |TMTSEE [(g@:;'( eb)E]CTHMISeFC'D B) ftCOLOd slttoOyjddv, Sl
s (66)43(8nfr]]?z) &jSkd TMISeR QydsEiffjtcj HMmlsOo -
458 458 M dzj dz@ sltcOy jddv, MtLHOOJ BB
5261 o Odzdz’ B OltsBOR] Wk ddzj toj dztso .
556354 5563;3 f:‘]ﬂts u st tsf)ldQe Qi fizj tod B dzls Oz dz' !
578|576 578 ilsduimMSdn toj dascj desq igBdzel-
642 642 Mmte Htso Odzdz" = S ted Mis OdzdzOr Jj Mls+ 5
674 661 666714 f dz dzj toj deso, bOS d Blqédcey §zd
680 quz** dzjddis s e Oy j ded W o  tsfg diziOHffiplg 002 d & ¢
795 795 JBsHj 2R o i Bsdzj CzkzOBd WL
1016 1015 &.Mm{ TMTSeFled LB It ModHjlsjd f
1062 e ha | WiMCOW ) das ¢ s @O Mespie
1086 1086 faz | MistelzS Is lapl), o d h)dzO dzts 6 d Yz 2t
1134 L14s “gg Et; fesdzzyj dz fted MsftsmisOo dzj dedd |
1178|1182 [180 & | WESCEOBE foddscs Ctdhboddo
1251 1250 . i) @&BoscdMTSeFRACS  &AITMTSeRQeHs. t J dzls -
1292 1292 . M( ¢j detsc tc OB Br dzd tOmMMmydls Odz
1o Laid te | 7] sUBhb@MmE) dd 5050 [ur
1430(1428 1430 1430 .7 ~dBIdYI MESett BEHj dzdtetseo Oded W |
1460 1459 fMa Misifjdz ¥ HtMistse jtodesMmisd Eklse
1476 fdz* A - -
La89 L4se b vFvusaoqlzdzr_n ZO®Rd StedflsOddzon
3029 fdz* ¥ Wk dzdzj toj dz’ GOdf]G(ﬂ]lSOSO o}
3067 . Md I sz yj dzdzr 2 tj L zdz' IsOIs Wwag
3085 &. Mmd g Eme &g et d i | Agtj dzts @
TEq 6] ORI v+ [ 5 5L dOwsEdmd s 2@(’5’& e s gt dail 2 cd] A8g dz

- dzt g dzOde@ye, ) Higaginy dzO sl |, Jfr]dz €O gz 2 .BB.J' Jd3 tcOL dalz
By d MEApPeOYs; Jur § sash’ IIBGdﬁtpdzgcmd’z; 54 df 8@ ff fisopQ ol | Idn dde@dzdy,

Notes: *Designation of the relative intensities: @y strong, ; W pon ; -
c - strong, cp-middle, fy eaveak, sy dz very weak,f dz arm; s dzf € Iz dz¥ wdz" m oL OddsH] 2MIse d3

**the absorption bands of benzene

JRurt d¢vuvt ¢ REFERENCES

1. Konovalikhin S.V., Dyachenko O.A. 3-rd Intern. Conf 1. Konovalikhin S.V., Dyachenko O.A. 3-rd Intern. Conf
AFul |l er enes an &Petethorgih99e. 200 p.u AFul |l er enes an &Pefetborgth99¢. 20%0. u

2. ¢fdyr &z0 1.1 ., Il EtcOo tso r Fte( 2. Spitsina N.G., Buravov LI., Lobach A.S. Russ.J. Anal.
a dzOdzd Is .. 199‘.5c{s &P . 673. Chem.1995.V. 50. P. 63 (in Russian).

3. wfdyr 2o 1. 1., Jtedyd &€ s 1 . 3. SpitsinaN.G., Gritsenko V.V., D'yachenko O.A., Safoklov
¢ dztsa S VN Zkdzr ¢ O SrRUO ., ¢ B.B., Shul'ga Yu.M., Yagubskii E.B. Russ. Chem. Bull
~d&000. uw. 365. 2000.V. 49. P. 367.

4. Konovalikhin S.V., Dyachenko QA, Shilov G.V., Spitsi- 4. Konovalikhin S.V., D'yachenko O.A, Shilov G.V., Spits
na N.G., Yagubskii E.B.J. Fullerene sience and technolog na N.G., Yagubskii E.B.J. Fullerene sience and technolog
1998.V.6.N3 . 4-575.56 3 1998.V. 6. N3. P. 563575.

5. Dresselhaus M.S., Dresselhaus G., Eklund P.Q. Mater. 5. Dresselhaus M.S., Dresselhaus G., Eklund P.Q. Mater.
Res.1993. 8. P. 2054. Res.1993. 8. P. 2054.

6. Spitsina N.G., Konovalikhin S.V., Yagubskii E.B., 6. Spitsina N.G., Konovalikhin S.V., Yagubskii E.B.,
Dyachenko O.A.Mol. Mat.1998. V. 11. P48-52. Dyachenko O.A.Mol. Mat.1998. V. 11P. 4852.

7. riwyjdeSts .., s bz ®dzdzZDd] 7. D'yachenko O.A, Konovalikhin S.V. Coord. Khimiya
1998. wv.-7B4. wuw. 700 1998.V. 24. P. 700713 (in Russian).

24 RL9. obkLrtsa. mddidw d ndd 9l n dats



Izv. Vyssh. Uchebn. Zaved. Khirkhim. Tekhnol. 206. V. 59. N9

[ dzv ydlsdtetse Odaed v :

RoOdetse A. ]l ., [O0CHHdBHe® j1j.ol SldzEZHodeod st IHtc @dzMf stelsde” | Mo ts2 Mls
NOh j2 cteOWdlonsrodilsirddsdy d ~dEHBO1IG,jrdesaBBadw] r . 9. o . 25
For citation:

Ivanov A.V., Maksimova N.V., Malakho A.P., Avdeev V.Freparation and gas transport properties ofammtaining
graphite foil Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tek@l6 V. 59. N9.P. 25 30.

vrs 544.03
A. loOegso .0CMHMdBsahO@dzO] &I 9lH.j Jd

ddzHtc ] 2 | Z2OHd BIXEpBo JUOB Y@tz | (COHdB3dJteso dzO [ OC d dsso O,
mddidud MEd2 WOCkd Isjls, [ sHApkdseiEigdls j¢lds tgfigzB @iy bl &fj ] dzfiz’ 2zd
Ctste’ 1, s tc. 3, [tsmCoe O, it smmd2mMEOW AJHjteOYydw, 11¢
E-mail: key700@mail.ru (), maksimov&mail.ru, avdee@highpchemmsuru

ptolsjd3 1 jlstesody [ OdzOR s

RdzMIsdlsizls dztso ™ 7 k6 dzjlstgthHdes d2s cog@sy ttef Qirdtsdefn Cdfn Isttets ) f dL2 ) J @svir
AJ HJ tg,Qh9ePY
E-mail: malakho@yandex.ru

VI{JuyRruyr 101 fut o1 ) Jdlvfigagol ¢ rrfrydedryt
JtdARrRU[I B AJJ?1R
1 sz yj dzO0@ % j dzj L sisH j toy Oh O SotdctfW tdsdshiplow? W astal®d We
30 Is jCai, d3tsH d W dy dtseship stz 23 jUdzj L © (11 1) . dtsMisOo
dLEyjdz d&3j ssHBBR t Ad, BsteW sdzsedw MstckzCIlskzter ) 4 dz
dimimdz) Hs9 OdzZO® RBj ssHisAB MC Odzgdtelze b j 2 1 dzj Clstesdedats? d
dzd yoJj dssfmisj 2 HAvsSloGHBEHAEW] Ydtose Odzdzs?2 ctcOW dIlstso ts
Hjtey@tztsCMdHO Y jdzjLO (I11).
sdzt yjor jymdaga ®mMtsH j oy O OV ctcOWdlsso OW Wisdz! ¢ O, {4
sCMMdH Y jdzjL O, cOLtftetsdzd yoj ditsmls

A.V. Ilvanov, N.V. Maksimova, A.P. Malakho, V.V. Avdeev

Andreiy V. lvanov X1), Nataliya V. Maksimova, Victor V. Avdeev

Chemistry Department, Moscow State University, Leninskie GeBy,Moscow, 119991, Russia
E-mail: key700@mail.ruld), maksimova@mail.riavdeev@highp.chem.msu.ru

Artem P. Malakho

Institute of New Carbon Materials and Technologies, Leninskie Getg, Moscow, 119991, Russia
E-mail: malakho@yandex.ru

RL9. obkLrtsea. mddkdw d ~Rdd. 9sjnrndtsdzsedw. 2016. v. 5925 11 ¢(.



Izv. Vyssh. Uchebn. Zaved. Khirkhim. Tekhnol. 206. V.59. N9

PREPARATION AND GAS TRANSPORT PROPERTIES OF IRON-CONTAINING GRAPHITE FOIL

The iron-containing graphite foil, micropore graphite material modified by-iron (I1)
oxide, was obtained. The composition of ir@mentaining phase was investigated by XRD analysis,
the morphology of structure of the irogontaining graphite foil was investigated by aming
electron microscopy. The values of hydrogen and nitrogen permeabilities of the modified graphite
foil with different content of iron (l1l) oxide were measured.

Key words: iron-containing graphite foil, foam graphite, iron modification, iron oxides germeability
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In the current paper the results on change of main macroparameters of optical materials
at structuring both their bulk and surface are briefly presented at application of laser technolo-
gies. The changes in transmigsi and reflection spectra in mechanical and refractive parameters
of materials were established and were explained including the changes in their photo conductivi-
ty properties. The broadening of application areas of thin film organic systems in comparison
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l1R+UL U 0,1 0,50,8 90 10-20 5, 7% 1
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fs+r1s* 0,1 0,1 90-120 1,3910°
rs+su CdSe(Z 01 0,1 90-120 1,3510°
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* 1 Odedas @B tskhoo I.C., Li H., Liang Y. Observation of orientation photorefractive effects in nematic liquid crystals.
Opt.Lett. 1994, 19(21), 1728725

Note: * DNA concentration of red fishes in water was 4.@2, gatio of LC and DNA is ~ &

** Data of study Khoo I.C., Li H., Liang Y. Observation of orientation photorefractive effects in nematic liquid crystals.
Opt.Lett. 1994, 19(21), 1728725
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ELECTROPHYSICAL PROP ERTIES OF COMPOSITE PRODUCED BASED
ON ZIRCONI A/IMULTIWALLED CARBON NANOTUBES AEROGEL

Electrophysical properties of composite produced on the basis of zirconia/multiwalled
carbon nanotubes aerogel were investigated. It was shown that composite exhibits bulk percola-
tion clusteri like conductivity. Strmg sensitivity of composite to concentration of distilled water
molecules in its porous structure was revealed.
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DISCRETE STEPS OF DIAMOND -GRAPHITE PHASE TRANSITION AT ANNEA LING
OF NANODIAMONDS IN W IDE TEMPERATURE RANG E

We present the short review of the works on a problem of phase transiti®ms\Which are
distributed in the temperature rangepuof PT. Experimental studies of Raman spectra (laser
wavelength 514.5 nm) of nanodiamonds after annealing at- @MOAC and their det a
cal analysis with decomposition of the allocated osciiy D and G bands on the compound spec-
tral components D and G, D (k) and G (kd) rel:
ducted.Detection of temperature maxima of intensities, frequencies and full width at half maxi-
mum (FWHM) of individual Raman components as well as intensity of a backgrouedines dis-
crete steps of PT of diamoncbnion-shaped carbon in temperature ranges of 9#P00A @nd 1500
2000A C.

Key words: diamonds anneling, vibration D and G bands, spectral components, pima#étr discre-
ate steps
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BARIC DEPENDENCE OF LATTICE PROPERTIES F OR DIAMOND

Based on the pairwise interatomic potential of Mennard-Jones and the Einstein's
model of crystal the state equation(\®Vo, T) and the baric dependencies of the lattice properties
for diamond were obtained. The calculations were performed along two isotherms: T = 300 and
3000 K and until to P = 10000 kbar (i.e. until to the relative volume §/A/0.5). The baric de-
penderties for the following properties were obtained: isothermal elastic modulus, isochoric and
isobaric heat capacities and thermal expansion coefficient. Good agreement with experimental
data was obtained.

Key words: diamond, interatomic interaction, presstetasticity modulus, heat capacity, thermal expansion
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X-RAY DIFFRACTION ME THOD FOR DETERMINATI ON OF SIZES AND STRUCTURAL
CHARACTERISTIC S OF NANOGRAPHITES IN ACTIVATED CARBON M ATERIALS

The method for determination of sizes and structural characteristics of nanographites in

activated carbon fibers (ACFs) by analyzing their experimentakay diffraction profiles has
been developed in the par. It uses the curves of -Kay scattering calculated for the set of
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nanographites consisting of benzenand phenaleneébazed nanographenes of various sizes,
which interatomic and interlayer distances depend on the number of atoms in layer. The devel-
opedmethod can be also applied to analysis of theay diffraction profiles of other nanocrystal-

line graphite structures. The data acquired by the method agree with results of Raman spectros-
copy and smatangle Xray scattering on ACFs structure motives.

Key words: activated carbon fibers, nanographite, nanographenay Hiffraction, Raman spectros-
copy, smaHangle Xray scattering
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PROPERTIES OF NITROGEN-DOPED AMORPHOUS CARBON COAT INGS OBTAINED
BY IMPULSE VACUUM -ARC METHOD

The paper presents results of the research of the structure and properties of nitrogen
doped amorphous carbon coatings obtained in the vacuum from the flow of pulsed carbon plas-
ma. The doping by nitrogen of carlmocoating was determined to lead to increases in electrical
conductivity, reductions of internal stresses, reduce of density, hardness and modulus, and to the
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CHANGES IN PHYSICAL PROPERTIES OF SUPERLONG CARBON NANOTUBE S
AFTER DIFFERENT METHODS O F PURIFICATION

The results of carbon nanotubes purification with various methods are presented. Meth-
ods providing residual impurities content less than 1% were revealed. Carbon nanotubes were in-
vestigated by Raman spectroscopy, TEM, SENMI TGA. Their electrical conductivity was meas-
ured as well.

Key words: carbon nanotubes, purification, chemical treatment, electrical conductivity, electron microscopy
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CAVITATIONAL SYNTHES IS OF CARBON NANOFORMS BY WATER HAMMER

We consider features of the carbon composite ngasticles formation at cavitation by
means of the hydro impact. The comparison of given method with existing methods of synthesis
in nanotechnology was carried out. The crystal structure of the various carbon nanoforms syn-
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Fig. 1. The scheme of the hydrodynamic cavitation setup
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FABRICATION OF WELL -DEVELOPED SURFACE OF SYNTHETIC DIAMOND S INGLE
CRYSTALS FOR INCREASING IN SPECIFIC POWER OF BETAVOLTAI C POWER SUPPLIES
ON THEIR BASE

The process of the reactive ion etching of synthetic monocrystalline diamond with thick
aluminum oxide and aluminum nitride protective masks for increasing the surface of diamond was
studied. The etching selectivity of aluminum oxide and aluminum nitride were determined. The re-
|l ief structures in a shape of ri bs with more
were fabricated on diamond surface. These structures increasesffective surface area 1.3 times.

Key words: synthetic diamond, anisotropic etching, reactive ion etching
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LIGNIN, ITS GRAPHITI ZED AND FLUORINATED DERIVATIVES. PROSPECTS
OF APPLICATION AS AC TIVE COMPONENT OF LI THIUM BATTERIES

In this paper the data on fluorination of hydrolytic lignin as well as its graphiid deriva-
tives are presented and discussed. The morphology, chemical bonds and structure of materials
was investigated by means of the methods of SEM, XPS, Raman spectroscopy, and XRD. In order
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teries were investigated.

Key words: lithium batteries, organic electrode material, fluorinated lignin, XPS

stsote] 3j dzdztsy tsBh | Mis o tsdztsig] i3 fiprdad‘d3ts. B BMigfth)d dzmiso sd3 dz
fsdz Lso Oded™ o tetsds’ N dzj dfdmsiusddasdd  f dejo Mlg teitslay derdals@ OIS §
NdLded NS SE s df Bz cton sicdaPihiedgds’d?2  d dzj o sfylstej B 59 O dzdz'
eOL dzd Ydets G 5 zOL dzO U j ded W .  tutishy sits|W deegftj e Qoo {f ds Ay tetig dzdz.
LOdd B3O8 s d tOHdB! dzj S SteizezZPyY Of Pt OB Y o 6 b 5 fri) ktzy Bt iyl -
ftodd3j dzgj dedw, d B'Istsor j ((sfte)s,Ols dbytets gz’ LGOHA jAs ™ 9  { s
Istej Bifsdaj L Oo dMd 3" = dMistsydedsWsoyj Mizg foded, BBdZj § 5% B
COydmlsej Cltterdd ' g’ iists@stgCdietB) j SO [ 7], wWeodvjlsmv
k¢ O ([ RydiscsO Lisiddf ©, € OC dfjjHig ofipisuedz Cjls, iz td{@SE jigr o3 f tod  dzts
olsstedyuds 4. uvdfdyds di3d ¢ Orisiesodez dglf  f ds@fldejtste D a9 dfdis dzd &34 6 15
R wodwssfqw tCMdHT  f 36 ~dsdiCdm SiRts dzjizf B dz@tgary to dzts 2 € t
(MnO, A0, CuO) [1, 2]. zddES s SUsEhfadddigeptdszi- o j " j flso
s sw dgzdds dmissyded S d IsS¢ Odzvia®dzts) dats® fij i) =12) RocEi®E PH | O] i
deduj MCdn Wihtsttzedzj etsHdz 7 dz@Bs j fod Qe kz[sB)lsd H ¢ 1© 2zt © ty 6 I

1 Ofisswid jjdfv on Ot OC Isj tod ME jrlsfigr ois@ - W tcOc B delst
ejdiz Ltsde §idMCO deser 7 QEGsddaddal B jC 3] fipdidg eitsHsde’ | G tolz i
LdzjCbtesHtse mddBdui MSdrn dHGtsdaidtsp, s dPe@Ezjd H 76z 18t d
jB A dL obLGBdso &Y j B f o tdigigein 8o GRS ¢ o ff ©tetize | dz' 2 d
o Itsds ydmdzi ©OMisdls] dz’ datsairts2 sl MIS jsc 2l AeaOfie Batd GBT, Ixtdigh € s 2
[Hdzd s dL s0Cdr &3O WdBGazsoL ¥ o[@H]Fls My nddidsf das sl dz  tc j dzls @
BsYds 2 fHESl cdzesCs2my Gk WAsES Cdej CusAdssigiiissi2dz’ g j ¢

RL9. obkLrtsea. mddkdw d ~Rdd. 9jnrndtsdzsedw. 2016. ov. 5993 1 (.



Izv. Vyssh. Uchebn. Zaved. Khirkhim. Tekhnol. 206. V.59. N9

f5COL Ozt jodzOER @O L y VidOm tarpgdt Azj C IstotsH dzts | STEHP etz D) ls o ts
Fedzj etsHdzr 7 MmeaweL j2, o - Isfiptelgs sy fisdgjs o i v | j 2 fif l4s@irlzn Ote s dz
dodedetse s lgjH@o[dAsO]o. [ 11, CR2]025" dapdigegfis@s © Mmdzzy ddz Hdf
L Odzts, Ylsts dzdcded dz, ©BtOLWy YR dzdolsd i zlsas dcddsditts2s 0, 1
ffsmtsej HJjdzdedd¥ dCOydd tadeQdr] ftfgzh fls @sdp dz BEIsEB2  Md3]
dmf sdzr L so Odz & COyjfMmlsej dPUdsPo @265 GBilsBp dzvHmdWYREs " jc
Sted Oded Yj MS 56 Bls L O Gt tsy dizdz) Clstotsf totso sHdzts?2 HisB Q9 § (
Yyd Misets dissydddp FeCOcHboE3Ldjsdzte’ » {f &Yz oz dzth ez@ Hzgf Gp
dzd L dzsets dzd ¢ dzd dz© f toj H dztsy e ehte N-03 Is d dztf o tofic S @ HAs]d. dzj ldztlo
otej 3w HisMisdedzzlsr j tojSuperd® Is Gstsis o § I iy ez dzdptie.ts - s ts d3Hf
B, o tudef[S ArL HOded d [ R3] figlEd TGS o O dzd ZO0 0dz0d
I yOfmlsdatsfmisd, dedL $ OWS hld Hrjadd' zdaO W A U V4] 2.0 W ( (o tfintsizlpcfive )
rMCets Hj2Mlsoakzs h jdgjsh daO@dedf » j e sp kG . C OlstsH dalz ®
j dz/ ftoj HMisOo dzj dzdzts ¢ tig] HE) IR dzjlsHs S atsAplzdjvdzdzd § . RO IS 5 ¢
L Bsy detsfylsd dMmf sdz Liseddaddzj Dls tf Ry odaO-j o Odzd Mz
tetso Odg' = ftesdL @ 5HAB0201 4 0 P (fumapdas Oolzdaf A W@jodgl ¢ O-
sOIsj ®BlsydecO o EMmdyyondsion ol diCisstszdas@f & dribdHisiss s
OL dzd Ydz' 7 ulss) BY BSOS EBRAGD (fdsj Md § sy ddzj dzS OteB 5 dzO
do Ot lsfqw fllsd {isdBds @R do Mitf tsH)isdatsiot] EidaeizSSts ,1 o L
OdzdL Oydd cdHEeddL dtdgt? dfc df dkid § tsts@ gk tOReds s o
rR S TdediQdsMifl Sisde " f Gt O H dzPtied 9 ‘Bz Ot Wz ds d S
dZzyj dzdzr 7 RO jtedOdzse v dJyGEeesaic®id drRU C stetslsC 5
Csul(tRI[1UO[ BWPC YO f']Q”qW JRy Ysid Mesetd Hdv
w tGOLtsd3deIzlstsi> u;qu’ 1 odzj
] COyjMmbej COltHM R %Odgﬁjteq’pgjzts ftod dL
Istso dzj ded d SfdR v s @Yfzd Ish Ols g i qte a quzq l]’tsq’
d ddrO0ddyd mMcd dL dj d quanr"? Clelroh g s 8 Iz msdé&g; 0
slsydcO (J1J) o EfdsedvV s YENHE OB OF & fls Ols
tsOLdchnhcw(MOdzuvsshId UthSH%ls.tsB dlsOdzd v ) . [OBtSIstSfr]u’isfr]is
Wiststedtotse Odzd W . 9% fr]dfr]lSst syj dzdo Odzd &
yg m

& 8"
;E'>~§',
o

Yo g

©FOoor BN
gg7 ~No
S g™

S He I =0 I~ WX
Foogg—or

ANsstedtdyofOdd [41] ftse *ﬂs‘ib@ ¢ &8 COLGWHO Hts O,
Bj s ydets s ded € j dzj o 5B deﬂzflsuol’odZJ ¢/m@ﬁs %sc@rm@masg@e
Lisdedztse 5 G OL sstcOdeyf sStclsdesg 8 & gz{§4Ld3Q) tc @ @ Do FJOL 1 te c
sted¥ sstedHO BtsBO fYtod ©LQIEWEUDR (R JthrO@gdq]'@@Ndzmlg}dZ(
(Ungds. } sdzlz yd dzdz’ j dsOlSJtGerﬂEsatﬁﬁtd%rdz dt Qddiisis o L o3
LA -Snqah.  { Bdis y\ -V g s fﬂBBISSJISfU§9ﬁsﬂZ@§Isq’u’ : Wuu;?QOn.

t Jdelsc j detsW OL tsor 2 OdzOdzd L t Ad) ljlsdzlzu;dz
5 ejhjfmio ordZJtantcNomesmm@w”frﬁ”"’” RORBRLL L
df sdzdgs 1 @dztcOC sS5d3j Ste® Br uk ¢ f SB&EJAde O g dzd v, e dals
(1Jdted30dzdv) M WS EnKi(te SespC di fogzculy telzd ¥ f iStitsdgdzgdz®Qte ff i)
=0, 15417 ded3) o -lz)js@sABdes 2(1),MBY,Ccifstslso j silse j dzdats. ©lstok
esdLsBtOY jddY JdMdjHiEz] Bygwe " fisy uf Hizd AO@E NE@s d M
MC Odedtelzs M jds + dzj Sotosdedzsdf osd SN Bfndso o Cdd dzjets o
HitahciS5500( ¢ f sdzd ™ ) . wff j Slster o © GSieds df @20 yaf4p flztdefe i Is O (dzj dz@  to j
s tOMmMmjwddw (st) tofcdmdswsddsdse Ogzg | dzO n §f s tsddsdg j2 dzf dz
tj Bruker RFS 100/S (2] gdusl,@6 0w %Pt dhE iskE8 dd 2)os s c
{Jdelsc JoasslE! dzj Clstesdzde’ § GROW T B eI JISEBSBOYdY OIS j ted OdzO
LOYdMmr o Odzd 1 gsd MY §p &sicBPREQ OSPE OB s  di jvic B HSUSO 1O ) dzts
(4 JtedsOded V) dfgls o tslzjeCUsddsfias o sME C Isizters) . ( ff fidzd vl Cls A€
dzlz wfigttz (1253, 6 L 1) . [1f1000 fdtedddd3Ojls Ofdddj Istsd

RLGEBIGadlsdzyded ¢ O Ist5¢ Op dCtadsids dgtsH d dedzwy s sHWh d R
o fMizrtd el&bs BENBP | (asz ¢) 09420 Bishstesdls ¢ sdzd uJ Mlso s ¢  fydzts
MW jty Otetsdd. | COoujmbedk| d&widjSenwd fisodisd®g F&d oo

94 RL9. obkLrtsa. mddidw d ndd 9l n dats



Izv. Vyssh. Uchebn. Zaved. Khirkhim. Tekhnol. 206. V. 59. N9

st O dz6l000( tdM3) §s¢OL
0 OjlsHdYE O HIE/NE > 4 L tc dzdpl B3OV
otodzd BPp z ' ISOIsT Oz degLdd’ H Od
dMocH&sEs [ BB ds L OC dzoyd s’ ,
MistekClsBg0q [ SOC dpwj BEOLIs d
fedmklsfmlse & gifldss iz S fsztonaiz dzs-dzts
BibteduiMSdr ©OL &) eso .

t dfm. 1. a4 C [ dLEGBLOY jddw iQf, tOL dd Y« )
Bi { | f1000 :

Fig.1. SEM images (at different magnification) of hydrolytic lig-
nin (a) and GL treated at 10G40C8) (

tjdlesdteORlT [1f, §tdzzy0o]
UssyO 9BOMAotYyd M tojdascj descteOds
HOoh ddBBdMY tOdzjj Bl OCIkdodiets; Tydz o
psdzsC sdz 5 e d MW h d5  dL  d&O
[14], ybt fsLeotdvjl f§tjH{tdt sj fted-
Mizdyse [{] §oHtsBdy 7 MmtekzC izt
vOC, MfjChkter st OCkdodtts O ;desc s
odztsC dzO ( ¢ul0)0O0d o[ Hd Of OL t5dzj
9002 0 0 O ffipgg H Mls O o dzj dz'@ (dzOB tets
sjtedsr 7 dzddd?2 (wdh. 3). 1d¢, o B -
cOL yor §ted'™1540@H INBsBEifds § toj H i
v jls MBt?2 dzj OBy ( tzdzi tc O i : 2
stsots?2 Ctsdff o dzjfddisi'y d d etso O dadats 2
edfdztsj o d&3d HJWwJ ¢SO DYE BY s d
(41309 Bwé&skmdssdj d ©OLEZ{sStewH
jWjChkdtshmls: & cLOWdssdBE? Mist Fo

2 hddyddese Odz fedmizismise

HJ W

(é15 I 1 ] 1 T ] 1 1 ]
Mdzj Hi5o Odedz’ 7 B f€WPEBSOBBEY HE ) 15 50 70 90

ltejHf skOcOjlsmw [16], Wkt §d¢ 0. ¢ 1200 M
qdzdudqlzj sy GEOEOkdsNsd CBowy ws> PO

o' R Mdztsjoe, oL Ostdl dyddijddid v s  §.-O v EiS-ste’ 1] dsief) iasd MODs2 HdW
S e OUGY O w7 |l QbR s e e oo
Bs o I?r](fs déJdZthStS :Izqzrdz:ts %dfd;f?gg TSfFJISJm%g;. %Rl;pqt{érgs&GL(l) and GL treated at 856 ( 2 ) ,

v 9 azj ,  todadsizy (ISBJU 00 activated carbon
gmqmsommqussc@@&ﬂspmsq@@Wﬁwwmgy%ﬁgﬁﬁyiﬂgxwcmmmd a
Mstisdash § ded ¢ d dalsfjGdftpdintes fifls j 2 vorinatec
N jCtemda Opdighntzj S stetse § 5B d dzOY d s dz-

RL9. obkLrtsea. mddkdw d ~Rdd. 9sjnrndtsdzsedw. 2016. ov. 5995 1 (.



Izv. Vyssh. Uchebn. Zaved. Khirkhim. Tekhnol. 206. V.59. N9

bjtoscB OB IS d dd ¢ dzd dz®. )
L tSdzj dzOf 0V, 35 dzaif 2 @B dz dzOwW | d
cOMs®j 498 &odLy/ ¢ (4[])- HE 2

350), 465 -&KODY/ of @BLB[- B LY
1000). stidj &y ygo s sy dgo
sfdeseo j§ [41], O, dijdgjcHsy ads¥ lasjinds!
fls j dg7 Mkh jMise j dedabjie®L ¥ H dzl B
TOwOSCIsjtedmisdS uskd ) eio tizp figd ts o3
dqMasHdr &5 4] GBLEMAss dzjdss, o
JB3 cOWdisdL Oydd BOgpdDazp;

ded uliggz j €5 L dzj Sktesy oo BH dzsls

800 1000 1200 1400 1600 1800 205 290 285 205 200 285 280
w, e’ Ecg, 2B Ecg, 2B

tdm. 3. stidDOVHOC:EJO d tcts9 O dzdal
CsHds | o t5dzs$ dats
Fig. 3. Raman spectra of GL treated at 100 ( a) , ac't
bon fibers g)

10 tedfm. 4 ftedoejHjdg
ydd tA¢ MfjChttss -EAY t
dzj Sslstster 7 Wiststedtetso Odzdz R
o Odzdz’ 7 f tod ugsL dzd fagds i ¢ N — == :
HOs Isfyw  dzddedd k¢ dzj tetsH O, ¢ 295 290 285 205 290 285 S )
cOLd &3 Stsdzdyj flso sd3 Ols ts Bt Ecs, 5B Ecs, 5B 5
Ybsts Misjfjdz Wl tytsd tc tooGRpdedf
sj B jcOlkter d otj &gj dzgd M 5
st 4 9Eodjlste UNj fnf-J1000i 0

6 c-C 3,

300 (1342.3 N 0,1 11) 6k Ch ce B
9 JHjdgdzr = BBOLyYytse (1341, z0w
@ddd” MYjChke® Cls bBEH cp 1q os-
34 Is tc d W dsltcEd3lz Yysts E2¢o0oLdgo

spcdBtedHdL Oydd B)E)dzj st Pdat : : : . ;
fsdtsydis! , ylsts ftd or BOd 205 200 285 280 295 290 285 280 O
LIstsdg tsBtcOL yJ Wiststesdz HJ Gt Ecs, 5B Ecg, 2B

BlsCter IsT j COv kcdzjtelsHda Ry o &26MC Biy%dde waD M5, frsdBd o -
HE Eedzj tesHtsdz d Y intistdts df éjmmms15olal§ng350/\ -300, 6i { 4 10004 -300;

deddzs sz sz (CLLLF) . Ju* @dosited R W dedislds 6 65 tsoROs0zdg’ & 6 OH d C
ftosHECIsOF fowwij s@Gv ¢ s & fﬁﬁ@?pectraaf@t@' ﬁq%treatfdat%o%of
dats nOGdy 5 (sl Bd drisday i B G A O, Gl 106 d cat Beemted
dzZsets -3popf300 (@Bgfy. dBAIAL3PO fluorinated at 30@) C  C*& amorphous carbons, |Rhydr0
I]’tc;q’fnlzlsfr]lsalz,jls dzdh 1 dzj L dzOydlsj dz dzts jarbéntadizafogy flso s W OL
WiststoQtizizsc s ke dzetsH O (tedm. 2 ~
tjLEd O ¢ Od sOdz.lsfr]lsOlslc{Qut‘ﬁ]Q'-tst%Wtsﬂ oL tedo’ -~ MdMmlis
Ldzj Clstetsa d g RS d 8 d fpedjlas 6B dfs'otd dzd st sted tslsdzdyos
1S d [4f (wdm. 5) (sCoEUPBEEOY | il 5 B 3 dawiPdeOS b5 te

96 RL9. okiLts. mdddw d ~dd 9lsjndzts



Izv. Vyssh. Uchebn. Zaved. Khirkhim. Tekhnol. 206. V. 59. N9

ModHujlsjd? Misaks hd2 5 MISOHJ2Izsigbelz Isdsffipdsprct®a Gdzdzr 7 W is
hjefsetsyj MO, tftjHjdvjsgoL Yyl tAptoke 0l ol is&oL 0k ¢
Yydqoazo tj 0cyd?2 oL OdBsH | 2B desMiftsdetfdnyf trdds so Pz tod
IZstetsHisd tOL dzd ydz' 7 W Iz dz€ YldisdflzO s detc@ dzg lef ff f . sBH G- f tcOC
Hwhdn o MMisOs dzd ¢ dzd dzO W Is Is tc ) GExipts AzeL IO, HTHECHLO Lo Is ¢

ZOY Wy j ¥ 2, Mtseise jlshis dsils | § PO dafs | ) dz0 dOYOod
L dzj Clstesn d d3d Uj MS 52 HEFCAByEAL iy @L GOtsJzCOL 8 Ofp @O
d =0 ctzffOdd (1) [ 184dzj CastelbB d dzdey o< dS~0 S teifsted M O
dZOf 6w 5 j ded W = .1 , B CHEQBSZETH O 1SS dpQUQi B € 6§ § Odsd, S &5 czd U g
Hi2dMeish SdMbtEH A ¢dH td Cfddds fa ¢t ocdidis &) 55 @O 5,
(2) [18]. 1 WdOfOLtsdy ddyd 0,7 I g} dtxds §esh)-
CQdej 0OSydd BiHEZEJS O firtk@EBH S 3 _ _
4iOiC ctolzf1g. ( 3) I ©0OBtlsy Mddzisj L Jtetse Odg
AR CoddL et d&dcdd a0 §she] Hils
4 =0 4 i - e - D sscqd o bkfdsodws of HES S

20- 4 - OH+2Li +2e, 2u-4y2 6008 d WAOQ Odedz" § tAd ModH]ls
- 4 -O0-R % 2Li+s2e 4 u(3) fteOCIsdyj MSd u’tsdzdztsl’ Gtgowasq’_|
G Hujgitai W j dzd dzf et Odztso OW fancliEBQQch tsq)d%Q'&di'tﬁt%g% feLe ey
VO 2 ¢ CafidEOCHs, R Is™ dzj &3 f ted Mizlsfr
BizsC d dzOdesd3j stedyj MSdr tcOL
@30 stcOR Cls Whktttdtetse Odzdz'r = BBt
= v ddddd Ekcdzj tesH O, Mo wL Odsd
2,5- Misesds Ol dYlosic@t O dpjdEa d
(1342, B NI MfjCShtcO Wlste® o
tctso Odzdzts G 5 ¢, fHEPOL 1 6 @Y Iss  dzO
dzdzr 2 Isdif. MewL d C
1 sdzlz y g dzr HOdzdz" .4 ff JftdsC OL
JSIsdodetsfmils! dMmtftsdz' L so Oded W
sOdzdV tOL dzdydz' » EkEfMmlstes? fils:
s datsmisd k& fMl§ GRetsddz) dzts,tc OY I ts
dedzsets GdHEdZdL dsé s  dzd ¢ dzd «

’ 0 100 200 300 400 500 600 700 800 900 . ~
C, MAu/T Qq UtGd_H].l@ﬁﬂlsqGOJls 560 d3(|)ALL/

tdm. 5. ¢dj¢lesfdddyjmese @B /tgi ), o I os®kjd¥ COL | &
[1f600 (3)Q0Q (4) Ls*ﬂztsfnqLSJtaC)dzuE). q’hJ 190 aB3d Ay/ g 1t
Fig. 5. Electrochemical belrior (vs. Li/Li) of hydrolytic lignin 1 dzj Slstesmn dd3d yj ¢ ts2 fmd Mmisj d3"
(1), GLtreatedat350 C ( 2y C (6DVC 1@00, dzj tGFGtSfW950 ] ISALL/ & Jf R U R f)fy df JigH |

1 ts dZ Gldzlstra tQISE)OdZer n lItGlSHIz
EHjdz dets 2 tcOL oW H dats 2 J B3¢ .[j' L
BjLbd O] dzjfftejter odescts &J@‘@‘b‘azqw €
tOL W HO H s 0,9 HJQ(BM J dZOder]tSE)tSQ UBHHJ
dzOf oWy j dzdv Y-pisoze gl o 1 4y o lsd Mmfydzj H 59 Odzd
[ 1, 2]) ftod Udzlslsdi'ﬁ]f@lhdﬁ@blli 0702) tg " 9" Oy O Is
560 &pAU/ 6. (dpELUF] O] fr]lslstraIZHdzq’QOd3 Rdzlsd sk Is
quJtGG‘tSJIdﬂ:MF]ISJ‘ISAI{/QGHO“Z& J.dz fldzj H s o
fsLosdzvE s MkzHdIs! sB 1 %Hé Is ﬁ@?&&gi@f& c -
BisISC dd i@ ciztcdu 190 Qj dz' q513 ngB ’
Ldzjtcetsj 3¢ drm 1 dzj CIstotsH dz"' ~ d30|SJth'OdZ dzé/
JrRu[rt duvutl ¢ REFERENCES
1. ststetsgdde. , o€ Izdendddsd aijoif§ls sy 1. Korovin N.V., Skundin A.M. Chemical current source:
ss¢o. [.: [CR. 2003. 740 M.: MEI. 2003. 740 p. (in Russian).
2. Linden D., Reddy T.B. Handbook of batteriesNY: 2. Linden D., Reddy T.B. Handbook of batteriesNY:
McGraw-hill. 2002. 1450 p. McGraw-hill. 2002. 1450 p.

RL9. obkLrtses. mddkdw d ~Rdd. 9sjnrndtsdzsedw. 2016. ov. 5997 11 (.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

98

Izv. Vyssh. Uchebn. Zaved. Khirkhim. Tekhnol. 206. V.59. N9

[ dls! Cddz thbo jjh dzj CIstetsH dz" j i
dzdfg 2 ~ddidyi MEBs2 1 dgjtecils
MmMdedtc. BOwdew] BlEtcOlss o . 200
Gnedenkov S. V., Opr a D.
Sinebryukhov S.L., Kedrinskii I.A., Patrusheva O.V.,
Sergienko V.1.J. Energ. Chem2015. V. 24. N 3. P. 346
352. DOI: 10.1016/j.jiec.2013.06.021

Gnedenkov S.V., Opra D.P., Sinebryukbv S.L.,
Tsvetnikov A.K., Ustinov A.Y., Sergienko V.l.J. Solid
State Electrochem2013. V. 17. P. 261R621. DOI
10.1007/s10008®13-2136x.

Nevarez L.A.M., Casarrubias L.B., Celzard A., Fierro
V., Munoz V.T., Davila A.C., Lubian J.R.T., Sanchez
G.G. Sci. Technol. Adv. Mater2011. V. 12. P. 116.
DOI:10.1088/1468996/12/4/045006

JtedB C somdrazdlud MSE d2 fytsdnils 9 da
Metsets edHdzdL dtse &5 dzd &ldzd IsizC
G tsf. dzj Mtslsj m da. OC OH. dd.
Agarval U.P., Reiner R.S. J. Raman Spectrosc 2009.
V. 40. P. 152v1534. DOI: 10.1002/jrs.2294
ARojlsdzdCtse ¢.s., 1 POBY Gesj el 5°
1995.

Nikolenko Yu.M., Ziatdinov A.M. Mol. Cryst. Lig. Cryst.
2000. V. 340. P. 39904. DOI: 10.1080/10587250008025520
Milczarek G., Inganas O.Science2012. V. 335. P. 1468
1471. DOI: 10.1126/science.1215159

Nagaraju D.H., Rebis T., Gabrielsson R., Elfwing A,
Milczarek G., Inganas O.Adv. Energ. Mater.2013. V. 4.
P. 1300443. DOI: 10.1002/aenm.201300443
Gnedenkov S.V., Opra D.P., Sinebryukhov S.L.,
Tsvetnikov A.K., Ustinov A.Y., Sergienko V.1.J. Ind. and
Eng. Chem.2014. V. 20. P. 903®10. DOI: 10.1016/
j.jiec.2013.06.021

Nikolenko Yu.M., Ziatdinov A.M. Solid State Phenornr
2016. V. 247. P. 123. DOI: 10.4028/www.scientifi
net/SSP.247.17.

Jawhari T., Roid A., Casado J.Carbon. 1995. V. 33.
N 11. P. 15611565. DOI: 10.1016/0008223(95)0011%.
1S Odztso 4. d. , [ drOdzdyr dz
Jd2kifm [ . 6., 1 tsEqH se (b fihad.c
s d. 1. R. [200dBH.j dzj.j 91GPL."
Tuinstra F., Koenig J.L. J. Phys.Chem.1970. V. 53. P.
1126'1130. DOI: 10.1063/1.1674108

Zhao L., Wang W., Wang A., Yuan K., Chen S., Yang Y.
J. Power Sources2013. V. 233. P. 227. DOI: 10.1016/
j-jpowsour.2013.01.103

Schalkwijk W.A., Scrosati B. Advances in lithiurdion
batteries. Berlin: Springer science+business mez(i@2.
513 p.

3.

4.

5.

6.

7.

13.

14.

15.

L

Mitkin V.N. The newest electrode materials for lithiu
chemical power industnNovosibirsk: Novosib. Factory o
Chemical Concentrates. 2001. 162 p. (in Russian).
Gnedenkov S. V., Opr a D.
Sinebryukhov S.L., Kedrinskii I.A., Patrusheva O.V.,
Sergienko V.I.J. Energ. ChenR015. V. 24. N 3. P. 34852
DOI: 10.1016/j.jiec.2013.06.021

Gnedenkov S.V., Opra D.P., Sinebryukhov S.L.,
Tsvetnikov A.K., Ustinov A.Y., Sergienko V.l.J. Solid
State Electrochem2013. V. 17. P. 26112621. DOI
10.1007/s10008913-2136x.

Nevarez L.A.M., Casarrubias L.B., Celzard A., Fierro
V., Munoz V.T., Davila A.C., Lubian J.R.T., Sanchez
G.G. Sci. Technol. Adv. Materr011. V. 12. P. ill6.
DOI:10.1088/14686996/12/4/045006

Gribkov 1.V. The chemical composition and structure
technical hydrolytic lignin. Dissertation for doctor degree
chemical sciences. SPBPSFTA. 2008. 142 p. (in Russian)
Agarval U.P., Reiner R.S.J. Raman Spectros@009.
V. 40. P. 152v1534. DOI: 10.1002/jr2294

Tsvetnikov A.K., Nazarenko T.Yu.RF Patent N 2036135
1995 (in Russian)

. Nikolenko Yu.M., Ziatdinov A.M. Mol. Cryst. Lig. Cryst.

2000. V. 340. P. 39904. DOI: 10.1080/10587250008025520

. Milczarek G., Inganas O.Science2012. V. 335. P. 1468

1471.DOI: 10.1126/science.1215159

. Nagaraju D.H., Rebis T., Gabrielsson R., Elfwing A,

Milczarek G., Inganas O.Adv. Energ. Mater.2013. V. 4.
P. 1300443. DOI:; 10.1002/aenm.201300443
Gnedenkov S.V., Opra D.P., Sinebryukhov S.L.,
Tsvetnikov A.K., Ustinov A.Y., Sergienko V.1.J. Ind. and
Eng. Chem.2014. V. 20. P. 903®10. DOI: 10.1016/
j-jiec.2013.06.021

Nikolenko Yu.M., Ziatdinov A.M. Solid State Phenonr
2016. V. 247. P. 1i23. DOI: 10.4028/www.scientific.net
SSP.247.17.

Jawhari T., Roid A., Casado J.Carbon. 1995. V. 33.
N 11. P. 15611565. DOI: 10.1016/0008223(95)0011%.

. Bukalov S.S., Mikhalitsyn L.A., Zubavitchus Ya.V.,

Leites. L.A., Novikov Yu. N. Ross.Khim. Zhurn.2006.
V.1.N 1. P. 8891 (in Russian).

. Tuinstra F., Koenig J.L. J. Phys.Chem.1970Q V. 53.

P.11261130. DOI: 10.1063/1.1674108

. Zhao L., Wang W., Wang A., Yuan K., Chen S., Yang Y.

J. Power Sources.2013. V. 233. P. 227. DOI:
10.1016/j.jpowsour.2013.01.103

. Schalkwijk W.A., Scrosati B. Advances in lithiurdon

batteries. Berlin: Spniger science+business med2002.
513 p.

l sk d &zO 81.0830860C yd ¢
leddvso ¢

Receive®1.06.2016
Accepted?2.07.2016

9. okLtse. mddaidvw d

s (22672016 5o Odzd

nqds. 9lsj R dats



Izv. Vyssh. Uchebn. Zaved. Khirkhim. Tekhnol. 206. V. 59. N9

[ &z ydlsdtetse Oded v :
1 Odeddz o . dIgeS, 5 sfstepdz , ddzj SMjdeS s 1. [ ., RO Opztsodedpjo Yzf ¢ Iz df aldztS s
Misd kedzj esHdzr 7 dzOdzts d d3d € tc s alyy &OUAdz j ) S tc dfd tstewal @ dzdsq - Wafjyg ¢
fodzd 3 tedz" » SCEBYBSL dIsse 20 SMdzse |.o B LB dgdzy Qzls R2EIB6ED2 BOIS
11 §9.4.99 105

For citation:
Panin S.V., Kornienko L.A., Aleksenko V.O., Ivanova L.R., Shilko S.V., Buslovich Bd@nparison of effectiveness of
carbon nanoand microfibers for formation of physieaiechanical and tribolotechnical parameters of polymer composites
basedon high molecular weight matrikzv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekh2@16. V. 59. NB. P. 99 105.

urs 678.073: 66

u. ) Odzlf dzf .toitecHigizs s ) .dfj.C i dz§ ({O.dztsr @ . d dz' K isr kyndztse d Y

djteej?2 I dSlsXBody 1 Oded dz (

[ OBBtcOstedw &jrnOdedSd tdzddzjtedzr » SBRBYSLdqydtsdadz = GOk
edOdzse jHjded™ & (61, Gto., ¢SSAHMJBIMEINYS 2,1 §2Ad Oy d "y, & GBS
SO jHEO dObdimd@asd@efes, ddd, 1 0yditlr s &hdfHdj s d
Ud M d2 kded of jdtalyfddsq, Is ,3 0, te.u sd3sME, t sMid2MEOW AJH]JEOYdW
E-mail: svp@ispmstscru (<)

s HBEZO ¢dzj CMOdpitss o O d®i®Odz ¥ td C S dz0O RO Odzso O

[ OBBtcOIststedw i3 » Oded € d { tsdizfdsij tesdfr OiztsS 5 d3 R slandsydstizdgdz WA L d €
Ozt jHjddw o[ 61 ., i tc. S OHJ BdYUI MEd2, 2/ 4, v sd3Mm S
E-mail: rosma@ispmestscru, lir 1952@mail.ru

I ZOH d MdzOo [ dzd ¢, ey Isitq g Azdz® iy My dzts o d U

SOWJHO dOIsq df@dafsdztgmigteissj ded , 1 OydtsdzOdz! dz" 2 dMmmdzj HiSo
Ud M d2 kded of jitetippfdds, Is ,3 0f, e . v sdsmc, { sMmd2MEOW AjH]jLOYdW
E-mail: vl.aleksenk@mail.ru

gjtecj?2 JldShstesoaody zddz Cts

[ OBBtcOIststedY i rnOded S d SR L dIlstso difi IseOjiits] dddel jdig tdcodz” R C
161 1 Jdz20kzimMd, ftt. sdtse O, 320, Jtdjd , 1] 20k , 72
E-mail: shilko_mpri@mail.ru

"-'-e

t IMTertSanrsorIy oo RrR Jyp3mt 1 oL R [fRES IV [
I A R{UJJOLRRI-ARMBBRY [ HSRMIR UYIMR RY [ 4sRM MR ¢ s U

guRs P[[RIrt1V3IM O ARIAIO fev L1 T 3elrss{ufidt1rds JouvtRrRAZ
[ dzv  MtcOodzdls j dz! dets?2 tsyjdzCd + WWjCldodatsind Iso

— —

BdCtcsosdzsCsdz EodzjtesHO o CBRBYISLIdISOR d&O Mdse |
dfmMmdzj Hise Odz" d g5} - BB &SBIIEORPNS | cdMisd Gz fifgh 2
¢l [1C o Emdsedwn fr]lz:tscts stej dz2dv d OBtOL do dztsG ts
fedzdd3j tcder » CBItSLdyd?2 vl [1C+0,5 &BOMM. % uw ( da
yd?2 4l 1 0C+580MM. % & (BIJSwts) o 2,5 tOLOts kMmd
odwrn OBtOLdodsets dL dzOhdeo Odzdw dL dessMiss?2 ¢ sMlis!
ftoddsd tedets © 2 t©6OLO HdzW tBtsdn Idf o -dkO i3y &kdedsls fsdizk
Cedz Eedzj csHO COC Iso jtoHS?2 MABBOL S o IstedBtsmisy oW y
vl 10, fedztts] dzgj dzedw o tOL dzdydzr = EfMzsedw e + CMf dzz O
szt yjor J Modgws®r Mo sdRisdz] Cdzwtedz” 2 § sdzdt Isd dzj dz, dzO

Csfls! , GOHMBEA) SEZdYtcdow MstkClkkzto

RL9. obkLrtsea. mddkdw d ~Rdd. 9jnrndtsdzsedw. 2016. ov. 5999 I (.



Izv. Vyssh. Uchebn. Zaved. Khirkhim. Tekhnol. 206. V.59. N9

UDC 678.073:661.481

S.V. Panin, L.A. Kornienko, V.O. Aleksenko,L.R. Ivanova, S.V. Shilko, DG. Buslovich

Sergey V. PaninX)

Laboratory of Mechanics of Composite Polymer Coatings, Institute of Strength Physics and Materials Science
of SB RAS, Academicheskii pr., 2/4, Tomsk, 634055, Russia

Dept. Materials Science in Meghical Engineering, National Research Tomsk Polytechnic University, Lenina
pr., 30, Tomsk, 634050, Russia

e-mail: svp@ispms.tsc.ruxl)

Lyudmila A. Kornienko, Larisa R. Ivanova

Laboratory of Mechanics of Composite Polymer Coatitiggtitute of Strength Physics and Materials Science
of SB RAS, Academicheskii pr., 2/4, Tomsk, 634055, Russia
e-mail: rosmc@ispms.tsc.ru, lirl952@mail.ru

Vladislav O. AleksenkpDmitriy G. Buslovich

Department of Materials Science in Mechanical Engingefilational Research Tomsk Polytechnic Universi-
ty, Lenina pr., 30, Tomsk, 634050, Russia

e-mail: vl.aleksenko@mail.ru

Sergey V. Shilko

Department of Mechanics of Composites and Biopolymers, Institute of Mech&Metad-Polymer Systems
of NAN B, Kirova pr., 32 a, Gomel, 246050, Belarus

E-mail: shilko_mpri@mail.ru

COMPARISON OF EFFECTIVENESS OF CARBON NANO- AND MICROFIBERS
FOR FORMATION OF PHY SICAL-MECHANICAL AND TRIBOLOTECHNICAL PA RAMETERS
OF POLYMER COMPOSITE S BASED ON HIGH MOLECUL AR WEIGHT MATRIX

The mechanical and tribgechnical parameters of composite materials of mix-
tures on the bases of supamolecular polyethylene (SMPE) at conditions of dry friction
and abrasive wear were studied for comparative estioranf solid grease properties of
nano and micro fibers of carbon. It was shown that wear resistance of polymer composi-
tions of SMPE+0.5 weight% the percent of C(nano) increases by a factor 6.6 and for
SMPE+5 weight% the percent of C(micro) increases bfaator 2.5 at conditions of dry
friction of slip. At conditions of abrasive wear the resistance of composites mentioned
above increases by a factor about 2 for both types of fillers. The role of nano and micro
fibers of carbon is discussed as solid greasdribo- conjugated polymer compositions
based on SMPE for application at various conditions of operation.
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OPTIMIZATION OF STRU CTURE OF CARBON-CARBON COMPOSITE MATERIA LS FOR
IMPROVING OXIDATIVE RESISTANCE FOR USE IN HIGH -TEMPERATURE D ESIGNS

Constructional graphite including carbortarbon composite materials has developed bulk
porous structure, which renders a significant impact on all physicaéchanical, thermal and
chemical properties of parts of them. At the oxidation of carbon materials it defines the influence
of activity of oxidizing agent (oxygen, carbon dioxide or watepug), temperature process condi-
tions and the development of a real surface of burning. So in the process of oxidatientoiy
samples at keeping fairly constant of external geometry up to the oxidation rate (up to ~ 30% of
weight loss) the increase in cugnt rate of mass loss by a factor of 1.5 order of magnitude is usu-
ally pointed out. This is a result of the internal porous reacting and development of heterogene-
ous surface of oxidation. Such a significant change in the oxidation rate is commensurate with
the influence of oxidation t e mpeeinahisworleforahang
number of industrialg & M the limiting the absolute rate of oxidation of carbon material was
considered taking into account the structure of the pore space.

Key words: structural graphite, carbararbon composite materially () Jr agidation rate, pore size
distribution, their radii, diffusion coefficient, real burning surface, nominal burning surface
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