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Study on structure change during the oxidation process of different
eraphitization graphite

ZHANG Hao, HOU Dandan, QIN Zhao, LI Kuo, QIAO Zhichuan, LIU QinFu

( School of Geoscience and Surveying Engineering, China University of Mining and Technology, Beijing 100083,China)

Abstract:The Hunan Chenzhou and Xinhua graphite with different graphitization degree were oxidized by the
modified Hummers method usingdifferent amounts of oxidizingagent(KMnO,),X-ray diffraction (XRD),Scanning
electron microscope(SEM), Fourier transform infrared (FT-IR) spectroscopy,Raman spectroscopy(Raman)
,Transmission electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS) , The testing methods were
used to study the structure of graphite samples and their oxidation products.The results showed that the hydroxyl
group (C-OH), ethylene (C-O-C) and carboxyl group (COOH) were connected to the graphite layersduring the
course of oxidation, but the graphite with lower graphitization degree was easier to be oxidized when the amount of
usedKMnO, is lower; While the graphite with higher graphitization degree was easier to be oxidized when using more
oxidizing agent.With the increase of the amount of KMnQO,, the structure disorder degree of the two kinds of graphite
increased gradually.But under the same amount of KMnO,, the oxidation productof graphitewith low graphitization
degree had higher degree of disorder.It can be speculated that:On the one hand,the contact area ofgraphite with
potassium permanganate and solution is larger due to the particle size of graphite with low-degree of metamorphismis
smaller;On the other hand, the graphite with low degree of graphitization has more C -C and easily oxidizeddue to its
high chemical activity.
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Fig.1 SEM images of Chenzhou graphite and Xinhua graphite
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Fig.2 Particle size distribution of Chenzhou

graphite and Xinhua graphite
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Tab.1 Structure parameters of Chenzhou graphite and Xinhua graphite

P dgppy/nm 1 BALTE 1% ETE S/ (°) Lc/nm La/nm
CZ 0.3355 0979 1 0.376 21.467 65.980
XH 0.337 8 0.776 7 1.652 4.880 11.350

ANEGEZ T IR, [N A1 88 C T R s
MRS . XN | TS B R A 2
B Le. La WrIFFHIENIE, SREDE, WIRIHEIH A
LAY PN I T (-

1.2 LGSR

S A MCE Hummers 32550 47 s2 b1 7484k .

(AR N : B 1 g RIRA A, 2.5 gNaNO, 2%
A 500 ml =B, BRI A A E T UK
) P2 P2 A 24 ml W& HL,SO,,  [R) B AS {52358 e fif
KRR S, ZJF MBI A 3 ¢KMnO, (&K
0.6 g, HWAMEIMEIFEG 6 min, 3552 h, FEIRUELHN
RE <5°C) .

(2) Hil s s HYOK = R AR & 35°C It
PRSP FEORRE 2 h 247

(3) SN PRI = VR I 40 ml &5
Tk OREGEZNA, Bi LR = 100°C)
FEARIE B N TR <100°C, B IS THIR & 95°C ~
100°C Z 1], 7E IR EE R 4k Ze4 PR AR 30 min, 4%
F W = PSR  AAEA 2 000 ml B, 10
BIA 140 ml 2B 70K, FFEHMAKE (520 ml)
WA (30% ) , PIBRZEZ 4% KMnO,.

@) TLUES S SRIEHE R R T AR, B
P 3] BSR4 R K R 4l K 22 W3 VR Bk e o 7R 1)
A, EHEIGRERIR 52 2 bR 2 (H Bat iR040MHR ) .
PRI 50°C B B =K e 48T, BN EIA
fbf B

(5) TELEAR L] pH 28 11 19 NaOH W, B4
oA B, INABERR L 0.3 o/L Ak A A EE
W 100 mL, B TREABEIHTERSTHE 200 W T
730 min ~ 2 h, #HEEEHETE 2 500 r/min 7 # T
B0 30 min, )2 RIS AT SR 0 R A

Sz KMnO, FHE43 510 0.6, 1.0, 2.0, 3.0,
4.0, 5.0 g, FifS R INVEAL = PIRE S 2R 5N C—n (HE
M) M X-n (HifbAsE) (n=0.6, 1.0, 2.0,
3.0, 4.0, 5.0) UUKJER CZ. XH, SRJGXHSHES Y
gER . STARCETREI . AR T R UEL T RAE

1.3 FEmRAE

R BN ) H A H S22 | 4277 1Y S-4800
RIS, TAEHE 3kV.

X I £ AT 5 43 A T H A RIGAKU 22w 1)
D/MAX-2500PC, 4= F 3l ¥y oK X 5 £k A1 55 43 )
SE 5 fE AR e 21 AN (FT-IR) 6 3% 23 7 % FH 26 [
Nicolet6700 RIZT AN ISOETEL

2 £R5iTie
2.1 S B ER XRD S

7.406
S - ]
S c——
553 -
3.355 e
7893 3350 3
-2
7380 YRR ¢2
3373
6.910 N
3355 €-06
' , . . J/k . ' ' cz
5 10 15 20 25 30 35 40 45 50
200 )
(a) M A7 B S AR A
8.050 7370
7635 3463 X=5
68N 3424 X4
8.18% 3431 X-3
WX—Z
80s0 3378 X-1
3378 X-0.6
r T T T T T T IXH 1
5 10 15 20 25 30 35 40 45 50
200 )
(b) B 88 B H A Ak

K 3 7 SR BN KMnO, A 484649 XRD 4]
Fig.3 XRD patterns of graphite andgraphite oxide
under the different dosage of KMnO,
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