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Ookecup rpaduTa — MepcrneKTUBHbIM MaTepuan AJis pas/inyHbIX MPUMEHEHUN. Kno4eBylo ponb
B Mpouecce CMHTe3a OoKcuAaa urpaet Tvn rpadpmta. B kayecTBe npekypcopa B npouecce oKUCIeHUs
no metogy Xammepca 6biIM UCMO/b30BaHbl BbICOKOOPUEHTUPOBAHHbLIV MUPOAUTUYECKUIA TrpaduT
(BOMI) u BbICOKOCOBEPLUEHHbIA NUpoauTuyeckun rpaput (BCMI). MosBepxHocTb BCMI umeer
BbICOKOYMNOpsi04MeHHble 0651acTM MoC/ie CKasiblBaHUSA BMJIOTb A0 MWIUIMMETPOBbIX pasMepoB.
OKUCNIeHHbIe NOBEPXHOCTU 6bIIN UCCIefoBaHbl METOAO0M aTOMHO-CU/IOBOM MUKPOCKOMNUM U MOKasanu
MHTEpKaNsuMIo CEepHOW KWUCIOTbl U o6pasoBaHue 6nuctepoB. [lpeanonaraeTrcsi, 4YTO peareHTbl
NPOHUKAIOT NOA NOBEPXHOCTHbIE C/I0U Yepes AedeKTbl, TaKue Kak CTYMeHU CKoia, AUCIoKaLmMn U Apyrue.
Graphite oxide is a compound, promising for different applications. Graphite basis plays an
important role in synthesis process of graphite oxide. Two different graphite basis: highly
oriented pyrolythic graphite (HOPG) and highly annealed pyrolythic graphite (HAPG), were
used as a graphite precursor and oxidized by Hummers’ method. HAPG has surface after
cleavage contains well-ordered millimeter-size regions. The resulted surface investigation by
atomic force microscopy shows intercalation of sulfuric acid and blisters formation. Reagents
penetration under the basal-plane suggested to take place through the surface defects like

cleavage steps, dislocations and others.

mocyiefHee BpeMs 0coboe BHUMaHUe YUeHbIX

IIpUBJIeKaeT OKCUJ rpaduTa - HeCTeXHOMeTPH-

JecKkoe CoelMHeHHe, COCTOosIee U3 YaCTUYHO
OKHMCJIEHHBIX CJI0€B rpaduTa, MeXAy KOTOPHIMHU
HHTepKaIMPOBaHbI MOJIeKy/1bl BoAsl [1]. 3 Hero mony-
YaloT OKCHJ, rpadeHa KM BOCCTAHOBIEHHBIN OKCH],
rpadeHa - matepua, 6JIM3KUH 10 CBOMCTBAM K I'pa-
deny (2, 3]. Okcuapl rpaduTa U rpadeHa CYUTAIOTCS
[epCHeKTUBHBIMHU MaTepHaJlaMHU [JIs UCII0JIb30Ba-
HHA B yCTPOMCTBAaX XpaHeHM S SHEpPruHu, KaTaausa-
TOpaX, CeHCOpaX, a TaKKe CUCTeMaX OYHMCTKHU BOJBI
[4-7]. XoTs BIepBble OKCUJ rpaduTa 6blI IOTyUeH
BenpgskamuuoMm Bpomu B 1859 rony, 40 CUX IIOp €ro
CJIO’KHAS CTPYKTYypa SABJISIETCS [IPeIMeTOM aKTHUBHBIX
uccienoBaHuu (8]. [loHMMaHue MeXaHU3MOB Gop-
MHUPOBAHUS OKCHJA rpadHUTa SIBIsIeTCS HeoOXomu-
MBIM YCJIOBHEM [IJIsl [I0J1yYeHK L MaTepHasia C KOHTPO-
JTHUPyeMBIMHU CBOMCTBaMU. B HacTosmen paboTe MbI

HCCJIeJOBAIU BIAMSIHHME MUKPOCTPYKTYPHI I'padpuTta
Ha IIpoLiecc ero OKMC/IeHM s 110 MeToay XaMMepca [9].
Hcrionp30BaanCh ABA BUA IPaduTa: BEICOKOOPHUEH-
THUPOBAHHBIM NMHUPOJUTHUYeCKUN rpadut (BOIIT)
U BBICOKOCOBEPIIeHHBIN MIUPOIUTUYECKUN IpadUT
(BCIIT). BCIIT otnu4aetcs ot BOIIT 6oree coBepIueH-
HOM CTPYKTYPOH U MeHBIIHM COJlepsKaHUeM fedek-
TOB Ha [I0BEPXHOCTH, B TOM YMCJIe CTyIIeHeH CKoJa.
Ha moBepxHOCTh IpadUTOB HAHOCHUJIACh OKHUCIH-
TeJIbHAS CMeCh, COCTOSIIAS U3 KOHLIeHTPUPOBAHHOM
CepHOI KHCJIOTHI, lepMaHraHaTa Kajaus U HUTpaTa
HaTpus. ITocie 30 MUH BO3JeNCTBUS CMeCh CMBIBA-
JIach BOJOM, 3aTeM II0BEPXHOCTH 06Pa3IioB IIPOMBI-
BaJIach IIePOKCUIOM BOLOPOAa (3%) M CHOBA BOJOM.
O6pa31sl BEICYIIMBATHCH HA BO3/YXeE.
HccnemoBaHue MUKPOCTPYKTYPBl IIOBEPXHOCTH
IIPOBOLUIOCH METOJOM aTOMHO-CHJIOBOM MHUKPO-
ckonuu (ACM) ¢ HUCIONb30BaHKMEM CKaHUPYIOIIEro
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30HA0BOro MUKpocKkoma "®emToCKaH" (LleHTp Iep-
CIIeKTHBHBIX TeXHOJIOTH ). M306paskeHU s 06pabaTsl-
BaJIMCh U aHA/TU3UPOBA/IMCh C IIOMOIILIO IIPOrpaM-
MHOTo obecrieueHus "PemToCKaH OHnMamH" [10].

XapakTepHbsle ACM-u306paskeHUsI MOBEPXHO-
cter BOIIT u BCIIT mo U 1mocjie OKHC/JIeHUS II0Ka-
3aHbI Ha puc.l. Ha moBepxHocTu BOIIT mocie oku-
CJIeHH S BUJHBI KPYIIHBIE CTYIIeHU C BBICOTOM borlee
1 um. IToBepXHOCTh MOKPHITA OCTaTKaAaMHU Bep-
XHHUX pPa3spyIlleHHBIX CJI0eB IpaduTa, CpefH KOTO-
PBIX MOKHO Pa3/IMYUTh OCTPOBKH IPadHTOBBIX
IIJI0CKOCTe! ¢ pasmepaMu 10-30 HM U, IpepIIoo-
SKHUTeNbHO, aMOPOHU3HUPOBAHHBIN I'PAaPUT MeXAY
HHMHU. B HeKOTOpBIX MecTax Ha II0OBepXHOCTH obpa-
30BaJIMCh TPeIlKHbI (HallpUMep, B Cpe/lHeH 4acTHU
puc.lc, cripasa).

Ha o6paswue BCIIT HabaomaeTcst IPUHLIUITHATIBHO
HHasi MOPQOJIOTHUs IOBEPXHOCTH. B 4acTHOCTH,
Ha HeHt oOHapy>kKeHHI O/IMCTepHl C HAMETPOM OT 14
7o 1430 HM U BeIcoTOM 0,5-187 HM. B JaHHOM ciydae
OKMCJIEHU S [I0BEPXHOCTH He IIPOM3OIIJIO0, YTO II0f-
TBeP>K/JaeTCs JAHHBIMHU CIIeKTPOCKOIIMU KOMOHHA-
LIMOHHOr0 paccesiHU [11].

ITon BO3AelCTBHEM OKMCIMTE/IbHOM CMeCH ITPOKC-
XOO ST ABa Mpoliecca: HHTepKa/JlHuPOBaHHe CEPHOU
KHUCIOTOM U OKHCIeHUe rpaduTa. IlepBolil Ipoliecc
npoTeKaeT 6bICTpO [8], BepoSITHO, AJIsI HETO AOCTaA-
TOYHO CMa4YHMBaHU S IOBEPXHOCTH OKHCIHUTEIbHOM
CMecChl0. MBI ITpearionaraeM, 4to B ciydae BCIIT rpa-
&UT OBLIT TONMBKO HHTEPKATUPOBAH CEPHOM KUCJIOTOH,

NANOMATERIALS
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Puc.1. lo 06pabomku oKucAumeAbHOU CMeCbl0 N08EPXHOCMU
BOMT (a) u BCIT (b) umetom cyuiecmeeHHO pasHyto naom-
Hocmb dedekmos Ha nosepxHocmu. Mocae XUmMuYeckozo oKu-
cAeHUs no memody Xammepca Ha nosepxHocmu BCIT (d),
8 omau4ue om BOTIT (c), popmupyromcs 6aucmepsi

Fig.1. Before treatment with the oxidant mixture, the surfaces of
HOPG (a) and HAPG (b) have a significantly different density of
defects on the surface. After chemical oxidation according to the
Hummers' method on the surface of the HAPG (d), in contrast to
HOPG (c), blisters are formed

ecently, special attention

of scientists is attracted to

graphite oxide, a non-stoi-
chiometric compound consist-
ing of partially oxidized lay-
ers of graphite, between which
water molecules are interca-
lated [1]. Using it, graphene oxide
and reduced graphene oxide
are obtained, a material sim-
ilar in properties to graphene
(2, 3]. Graphite and graphene
oxides are considered promising
materials for use in energy stor-
age devices, catalysts, sensors,
and water purification systems
[4-7]. Although for the first time
graphite oxide was obtained by
Benjamin Brodie in 1859, so far
its complex structure has been

the subject of active research [8].
Understanding the mechanisms
of formation of graphite oxide is a
prerequisite for obtaining a mate-
rial with controlled properties. In
this paper, we investigated the
effect of graphite microstructure
on the process of its oxidation
using the Hummers’ method [9].
Two types of graphite were
used: highly oriented pyrolytic
graphite (HOPG) and highly
annealed pyrolythic graphite
(HAPG). HAPG differs from HOPG
by a more perfect structure and
a smaller content of defects on
the surface, including the cleav-
age steps. On the surface of
the graphite an oxidizing mix-
ture was applied consisting of

concentrated sulfuric acid, potas-
sium permanganate and sodium
nitrate. After 30 min of exposure,
the mixture was washed off with
water, then the surface of the
samples was washed with hydro-
gen peroxide (3%) and again with
water. Samples were dried in air.

The surface microstructure was
studied by atomic force micros-
copy (AFM) using the FemtoScan
scanning probe microscope
(Advanced Technologies Center).
The images were processed and
analyzed using the FemtoScan
Online software [10].

Typical AFM images of HOPG
and HAPG surfaces before and
after oxidation are shown in
Fig.1. On the surface of the HOPG
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after oxidation, large steps with
a height of more than 1 nm are
visible. The surface is covered
with the residues of the upper
destroyed layers of graphite,
among which one can distin-
guish islands of graphite planes
with dimensions of 10-30 nm
and, presumably, amorphized
graphite between them. In some
places, cracks appeared on the
surface (for example, in the mid-
dle part of Fig.1c on the right).

A fundamentally different mor-
phology of the surface is observed
on the sample of HAPG. In par-
ticular, blisters with a diameter
from 14 to 1430 nm and a height

of 0.5-187 nm were found on it. In
this case, surface oxidation did
not occur, which is confirmed by
Raman spectroscopy [11].

Under the influence of the oxi-
dizing mixture, two processes
occur: intercalation with sulfu-
ric acid and oxidation of graph-
ite. The first process proceeds
quickly [8], it is likely that it is
sufficient for it to wet the surface
with an oxidizing mixture. We
assume that in the case of HAPG,
graphite was only intercalated
with sulfuric acid, and in its fur-
ther processing, water penetrated
into the interlayer space, forming
blisters.
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Thus, the microstructure of the
precursor graphite has a signifi-
cant influence on the processes
of intercalation and oxidation of
graphite layers, which should be
taken into account when choos-
ing the synthesis conditions for
graphite oxide. [ |
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