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Compounds of intercalated graphite (CIG), its
residual compounds (RCIG) and modified
thermoexpanded graphite (MTEG) are taken
special place among the matrix nanocluster
systems.

The natural graphite of ideal crystalline
structure and graphite of metallurgical origin serve
as raw material for the receipt CIG.

The morphological and electronic structure of
crystalline  graphite provide formation of
intercalated graphite compounds (CIG) due to the
reversible topotactical reaction in the volume of
solid, which runs between mobile particles-guests
(atoms, molecules or ions) and solid lattice-owner.
During this reaction there are diffusion of
particles-guests in direction from an external
surface in the volume of solid. A structure and
composition of matrix-owner mainly save the

integrity at intercalating and deintercalating
process.
Intercalating is a difficult heterogeneous

process which depends on perfection of crystalline
structure of graphite, contents of admixtures,
dispersion of particles, natures of oxidant and
intercalant.

For clearing up a role of point defects in the
initial stage of intercalating we are calculated the
electronic  structure of clusters by the
semiempirical MINDO/3 method. This structure
are modeling the plane of ideal graphite, consisting
of 8, 10 and 32 atoms, and also different imperfect
structures which get by substitution of one atom of
carbon on the B, N, Si, P atoms and carbon
vacancy.

Calculation data of bond energy of graphite
clusters depending on sizes showed that the
obtained values poorly relied on the clusters sizes
and quickly meet to the proper limit values. This
conclusion is just both for an ideal graphite, and
for clusters which modeling different defects.

The presence of defect in a cluster resulted in
strong  perturbation of electronic  density
distribution in a graphite, except for the carbon
vacancy, where the changes of electronic density
are insignificant. It is explained by the enough
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dense packing of carbon atoms in a graphite and
strong overlapping of m-orbitals.

The investigated defects can be examined as
polar (table 1). The presence of charge at them,
induced by the redistribution of electronic density
from the neighboring carbon atoms, will be cause
dominant contribution of electrostatic interactions
at adsorption on these defects. Therefore both the
oppositely charged ions and molecules possessing
a large dipole moment will be adsorbed on them.

Obtaining data testify that more effectively the
intercalating process will be carried out for the
imperfect graphite sample. It is also set, that the
oxidizing intercalate process is characterized by
such values of reaction speed of k: 2,5:107" s~ at
318 K; 1,1-107°s™" at 338 K; 3,110 s ™' at 358 K.
Activation energy values makes 58,6+1 kJ/mol.

Table 1 — Charge of admixture atoms in the
model graphite clusters

Model Amount of carbon atoms in a
graphite cluster

clusters with 8 | 18 EY
admixtures Charge of admixture atom
B 0,50 0,40 0,41

N —0,47 —0,44 —0,42

Si 0,63 0,69 0,64

P —0,22 —0,04 0,22

Existence of different stages is characteristic
property the CIG. Coompound of the first stage is
the system in which every interlayer interval is
occupied with introduced intercalant particles of
interkalanta. In CIF of high stages (3th, 4th and
etc) the intercalant layers are separated and
screened by numerous graphene layers. The
intercalating process practically has not influence
on intraplanar organization of graphene layers. In
the intercalant layers there is observed organization
of intercalant crystalline lattice (K and Rb). In the
case of molecular intercalants there is the ordered
location of molecular axes, that must act important
part at the use of CIG for the catalysis.



Doma and Herold [1] on the basis of
experimental data offered the domain structure of
CIG, in which bends in eventual direction are
parted parallel to the layers and this division makes
a few ten nanometre (fig. 1). However graphene
layers are flat in regions between bends.

Fig. 1. Electron-microscopic image of graphite
compound which intercalated by sulphuric acid

Measuring of x-ray absorption spectrum of
potassium CIG exposed distorted of graphene
layers close to the intercalated potassium ion.

Residual compounds (RCIG) are obtaining by
either CIG washing out, or gradual heating to the
small (~670 K) temperatures, and sometimes — on
air at a room temperature [2].

It is established that the intercalant particles are
characterized by interlayer organization similar to
organization of more concentrated layered
compounds. The structural state of the initial OCIG
sample is characterized as «multiphase». It is
shown that existence of lamellar excretions of
conditional phases both with ordered and
amorphous structure. On the boundaries of matrix
crystals are found out ordered formations from the
molecules or intercalant or its residuals. Excretions
of conditional phases with ordered or amorphous
structure cause the local bend of base matrix
planes.

The thermoexpanded graphite (TEG) modified
by the zinc chloride contains the crystalline ZnO
phase. Fine-crystalline formations of intercalant
tailings in the TEG sample, which modified zinc
chloride, have interplanar distances as well as
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crystalline formations of intercalant tailings in the
TEG sample which obtained without the presence
of modifying agent. Structural state of TEG
necessary to consider as heterogeneous. Crystalline
formations of intercalant tailings are disposed on
the base planes of graphite.

MonudunupoBannem TPI' xmopumom skenesa
HEBO3MOXXHO TMOJYYHUTh KJIACTEPHBIC MATHUTHBIC
¢da3pl, KOTOphle PaBHOMEPHO paclpeiecHbl Ha
noBepxHoct TPI (puc. 2) [3].

By TEG modification by iron chloride it is
impossible to get cluster magnetic phases, which
are uniformly distributed on the TEG surface

(fig. 2) [3].

Fig. 2. Distribution of the Fe;O, nanoclasteres
on the TEG surface (x160, FeKa radiation)
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Cpeny MaTpU4HBIX HAHOKJIACTEPHBIX CHCTEM
0cob0e MECTO 3aHHMAIOT COEAMHEHHUS HHTEpKa-
oupoBanust rpadura (CHUI), ux ocrtaTtouyHble
coemuaenns (OCUI) wu  MomuduIMpOBaHHEIHN
TepMopacumpennsiid rpadgur (MTPT).

CoippeM s nonyuenust CUID cimy»kaT npupo-
HBIi TpaduT COBEPIICHHOHW KPHCTAILUTUIECKOH
CTPYKTyppl W  TIpauT  MeTaIypraueckoro
MIPOMCXOXKICHUS (CIIENIEBBIi).

CTpoeHue u 3JIEKTPOHHAs CTPYKTypa KpUCTal-
JITYECKOTO Tpadura 00ecCIeunBaOT 0Opa3oBaHUE
COeIMHEeHNH HHTepKamupoBaHus rpaduta (CUI)
3a cueT oOpaTUMOH TOMOTAKTHYECKOH peakuuu B
o0beMe TBEpAOro Tena, KOTOpasi HPOTEKACT MEXKIY
MOJBIDKHBIMU ~ YaCTULAMU-TOCTAMHM  (aToMaMu,
MOJIEKYJIaMU MJIM MOHAaMH) U PELIETKOH TBEPAOTO
TeNna-xo3siMHa. B Xone 3TOM peakuuu YacTUIBI-
roctu muGPYHIUPYIOT B HAIIPABICHUHA OT HaPyX-
HOW TIOBEPXHOCTH B 00BeM TBepmoro tema. llpu
WHTEPKAJUPOBAaHUM U JEHMHTEPKAIMPOBAHUU
CTPYKTypa M COCTaB MaTpPHULBI-XO35IMHA B OCHOB-
HOM COXPAaHSAIOT CBOIO I1EIOCTHOCTb.

WnTepkanupoBanne  OpeAcTaBiseT  coOOi
CJIOXHBIM reTEepOreHHbIA MPOLecC, KOTOPhIN 3aBU-
CUT OT COBEPIICHCTBA KPHCTAIJIMYECKOH CTPYK-
Typsl TpaduTa, coAepKaHUs B HEM NpuUMeceH,
JOUCIIEPCHOCTH YaCTHL, NPUPOIBI OKHUCIHUTENS H
HMHTEpKaJIaHTa.

Jnst BUSICHEHHSI POJM TOYECUHBIX Je(EKTOB B
Ha4yaJbHOU CTaaUM WHTEPKAJIUPOBAHUS HAMU MpHU
IOMOIIH ToNyaMmupudeckoro Metoga MINDO/3
ObLTa paccunTaHa 3JEKTPOHHAs CTPYKTypa KiacTe-
POB, MOJENUPYIOUMX IJIOCKOCTh HIEATBHOIO
rpadura, cocrosmyro u3z 8, 10 u 32 aromos, a
TaK)X€ Pa3NUYHbIX JEQEKTHBIX CTPYKTYP, KOTOPbIE
MONy4yaloT TMyTeM 3aMeIIeHHs OJHOro aToMma
yraepoga Ha atoMel B, N, Si, P u yrnepoanymo
BaKaHCHIO.

JlaHHBIEe paccueTa SHEPTHHU CBSI3M KJIACTEPOB
rpagpuTa B 3aBUCHMOCTH OT HX pa3MepoB
[OKa3ajly, 4YTO IOJyYeHHblE BEJIMYUHBI CIado
3aBUCSAT OT pasMepoB KJIACTEPOB M OBICTPO
CXOAATCA K COOTBETCTBYIOIIMM  IIpENENbHBIM
3HAYEHUSIM. OTOT BBIBOJA CHPaBEUIMB KaK IS
uAeanbHOro rpadura, TaKk W U1 KJIAcTEPOB,
MOJICTTUPYIOIINX Pa3IMYHbIC 1e()EKTHI.
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Hammume nedexra B KiacTepe NPHUBOIWIO K
CWJIBHOMY BO3MYIIEHHUIO paclpeieicHus 3JICeK-
TPOHHOW TUIOTHOCTH B rpaduTte, KpOME BaKaHCUU
yIaepoa, Tie W3MEHEHUs AIIEKTPOHHOW IJIOTHOC-
TH HE3HAYUTEJILHBI. ITO OOBICHAETCS JOCTATOYHO
IUIOTHOW YMAKOBKOW aTOMOB yriiepoja B rpadure
U CWJIBHBIM IIEPEKPBhIBAHUEM TT-OpOUTAIICH.

W3ydennbie Hamu Ae(EKTHI MOKHO paccMaTpH-
BaTh Kak moJsipHble (Tabnuma 1). Hammuaue 3apsna
y HHUX, UHAYIHPYEMOE IepepacipeneieHueM
AJIEKTPOHHON IUIOTHOCTH C COCEJHUX aTOMOB
yraepona, Oyaer oO0yCaBIuBaTh JOMUHHUPYIOIIAN
BKJIaJ] JIEKTPOCTATUUECKUX B3aUMOJACHCTBUN NpuU
agcopbiuu Ha 3tux nedekrax. [losTomy Ha HHUX
OyIoyT amcopOMpOBaThCA Kak MPOTHBOIIOIOKHO
3apsUKeHHbIE HWOHBI, TaK W MOJEKYJBI, obiama-
IOIIKE OOJIBIIUM JMUITOJIEHBIM MOMEHTOM.

[Tosy4eHHbIC TaHHBIC CBUICTEILCTBYIOT O TOM,
yTo Oosee 3(PQEeKTHBHO TpolecC HHTEPKAIU-
poBaHUsA OyIeT OCYIIECTBIATHCSA I OOpa3IloB
nedextHoro rpadura. Hamu Takke ycTaHOBIEHO,
YTO MPOIECC OKUCIUTEIFHOTO MHTEPKAINPOBAHUS
XapaKTepu3yeTcsl TaKUMHU 3HAYEHHSIMH CKOPOCTH
peakuuu k: 2,510 ¢ mpu 318 K; 1,110 ¢ ' mipm
338 K; 3,1'1073 ¢! npu 358 K. 3HaueHus >Hepruu
aKTUBalMK cocTaBiseT 58,6+1 xJ[3K/MOb.

Tabmura 1 — 3apsi aTOMOB IPUIMECH B
MOJIENIFHBIX KJIacTepax rpadura

Monensabie | KonnuecTBo aTOMOB yriiepoza B
KJIACTEPHI KJIacTepe
rpadura c 8 | 18 | 32
IPUMECSIMU 3apsi aTomMa mpUMecH
B 0,50 0,40 0,41
N —0,47 —0,44 —0,42
Si 0,63 0,69 0,64
P —0,22 —0,04 0,22
XapakTepHsiM  cBoiicTBoM CHUI'  gBusercs

CYIIIECTBOBAaHUE pa3IMUHBIX craguii. CoeluHEeHUE
MEPBOM CTAAMU MpPEICTaBIsIeT coOOW CUCTEMY, B
KOTOPOH  KaXIbI MEXCIOWMHBIM MPOMENKYTOK
3aHAT BHEAPUBIIMMUCS YaCTUI[AMH WHTCPKAJIAHTA.
B CUI" Beicokmx cramuii (3-#, 4-i ¥ T.O.) CIIOH
WHTEpKaJlaHTa  pa3fe/ieHbl M JKPaHHPOBAHbBI
MHOTOYHCIIEHHBIMH rpa)eHOBBIMU CITOSIMU.
[Ipomecc wWHTEpKATUpPOBaHMS TPAKTHYSCKU HE



OKa3plBa€T BIHMAHMAS HAa  BHYTPHUIUIOCKOCHOE
ynopsiioueHue TpadeHoBBIX cjoeB. B crosix
WHTEpKaJlaHTa HaOIIoaeTcsl YIopsA0ueHHe y3JI0B
KPHUCTAJUTMUECKON permeTkn uHTepkamanToB (K u
Rb). B cnyyae MOJEKyISIpHBIX HHTEPKaJIaHTOB
MIPOUCXOANT YIHOPSAIAOYEHHOE pAcCMOIOKEHHE U
MOJIEKYJISIPHBIX OCEH, U4TO TOJKHO UTPaTh BAXKHYIO
poutb Tipu ucnoias3oBannu CUIT miisa katanmsza.

Ha ocHOBaHMH SKCHEPUMEHTANBHBIX JaHHBIX
Homa u Xepoasa [1] mpeniaoxunu OOMEHHYIO
ctpyktypy CHUI, B KOTOpOH M3THOBI B KOHETHOM
HampaBieHUH pa3JieNeHbl MapajyieIbHO CIOSM U
3TO pa3fiefieHHE COCTABIISET HECKOJBKO AECATKOB
HaHoMeTpoB (puc. 1). OmHako B 00IaCTIX MEXKAY
n3rubamu rpadeHOBEIE CIIOU SBISIOTCS TUNIOCKHMHU.

Puc. 1. ONEeKTPOHHO-MUKPOCKOITMYECKOE
n300paKeHne COCAMHEHHS HHTEPKAIHPOBAHHOTO
rpaduta CepHON KUCIOTON

M3mepeHust pEeHTI€HOBCKOTO CHEKTpa IOTJIo-
meHust kanueBoro CUIT BBISIBUIIN UCKPUBICHHOCTD
rpad)eHOBBIX CIIOEB BOJM3W WHTEPKAIHMPOBAHHOTO
HOHA KaJusl.

Octarounsie coeaunenus (OCHUI') momygaroT
mu6o mpomeiBkoir CUI, nubo mocTeneHHBIM
HarpeBoM 110 HeOompmux (~670 K) Temmeparyp, a

WHOTIAa — HA BO3AyXe TMpH KOMHATHOM
TeMneparype [2].
VYCTaHOBIEHO, 4YTO YACTHIBI HHTEpPKaJaHTa

XapaKTePU3YIOTCSI MEXKCIOWHBIM YIOPSIIOUCHUEM,
AHAJIOTUYHBIM YIOPSIOYCHUIO 00Jiee KOHIICHTPH-
POBaHHBIX CIOHCTBIX coenuHeHuil. CTpykTypHOE
COCTOSTHTIE HCXOJTHOTO obpasma ocur
XapakTepu3yeTcs Kak «MHorodasHoe». IlokazaHo
CYIIECTBOBAaHUE  IUIACTUHYATHIX  BBIJCICHUI
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yCIOBHBIX (ha3 Kak C YIOPSIOYEHHOH, TaKk H
amopdHoOI cTpyKTypoi. Ha rpaHuiiax kpucrauiosn
MaTpHUIBl OOHAPYXEHBl YHOpPSIOYeHHBIE 00pa3o-
BaHUS U3 MOJIEKYJI HHTEPKAJIaHTa WK €ro OCTaTKa.
Brinenenust ycloBHBIX (a3 ¢ yHOpsSIOYEHHOH |
aMOp(HOH CTPYKTYpOH BBI3BIBAIOT JIOKAJbHHBIH
n3rub O0A3UCHBIX IIIOCKOCTEH MaTPULIBL.

TepmopacmmpeHHbIi  TpaduT, MOTUDHUITAPO-
BaHHBIA XJIOPUAOM LIMHKA, COAEPKUT KpPUCTAI-
mudeckyto  ¢aszy ZnO. MenKoKpHCTaLTHYeCKHue
00pa3oBaHNA OCTAaTKOB HHTEpKaJlaHTa B oOpasie
TP, MoauduUUpOBaHHBIM XJIOPUAOM IUHKA,
MMEIOT MEXKIUIOCKOCTHBIE DPAacCTOSIHUA Kak u
KpUCTAJUTMYECKUE o0OpazoBaHus OCTaTKOB
uHTepKananta B obpasue TPI, momyuenHom 6e3
npucytctBus  moaupukatopa.  CTpyKTypHOE
cocrosnue TPI' crnegyer pacMarpuBaTh Kak
rereporeHHoe. Kpucramnnueckue o00pa3oBaHU
OCTaTKOB  MHTEpKaJaHTa paclojaraloTcsi Ha
0a3MCHBIX TUIOCKOCTAX Tpadura.

Momuduruposannem TPI' xmopmmom >xenesa
HEBO3MOKHO TOJIYYUTh KJIACTEPHBIE MarHUTHbBIE
¢da3pl, KOTOphIE PaBHOMEPHO paclpeneieHbl Ha
noBepxHoct TPI (puc. 2) [3].

Puc. 2. Pacnpenenenue HaHoxiacTepoB Fe;Oy
Ha nioBepxHocTH TPI" (X160, m3my4yenne FeKa)
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