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Preparation and characterization of sulfur-free expansible graphite
AN Feng-wen, LUO Li-qun™ , LIU Bin, SUN Wei, WEN Xin-yu, TIAN Jin-xing
(1. College of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan 430070, China;
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Abstract: The natural flake graphite with 98. 86% of carbon content and plus 0. 30 mm ( plus 50 mesh) of size in
Inner Mongolia Autonomous Region is taken as raw material. Sulfur-free expansible graphite is prepared then by chemical
oxidization method with potassium permanganate, the mixture of nitric and perchloric acid as oxidant and intercalation
agents. The effects of reaction conditions on the expansion volume are studied, including quantity of potassium
permanganate , the ratio of mixed acid, reaction temperature and reaction time. The results show that the best expansion
volume of expansible graphite is up to 410 mL/g under the following conditions;1: 0. 10: 4.5 mass ratio of graphite:
potassium permanganate: mixed acid,8% of nitric acid in the mixed acid,40°C of reaction temperature and 45 min of
reaction time. The characteristics of each stage of the products are determined by XRD and SEM. The results show that
graphite edges present curled, cracked and exfoliation and the interlayer distance is increased after intercalation.

“micro bubble’ like connected

Exfoliated graphite has displayed three-stage unique micropore structures, in which
wormlike , willow leaf shape and micropore structure of irregular polygon ae detected by XRD,FTIR and SEM techniques.
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AR AT 82 0 A SR RN TR B ™ i 2 —,
HO R ) FLERZE R AIIE R 1 0 B 2 1 J5, 7 LR
R T EOA AR AU R
SRIGE P A1 88 J2 IR J5U 115 ) B 0k i DA 4
7, B HREZBILNERE LG il Y e 07
VE AT 2R AR 8], AT 822 A S, R R
AR SR LRI R AL B, 47 B2 A A
Py AL, A1 882 AN TRIZAK T2 s 2R
I, BB AT BT

TR A 28 PR Al A O 37 2 R e A A1 8RR ET 1Y
Jr AT AR A1 S5 19 g Ay 2T o o s ARk
A KRR AR B LR
DRl g R AT AR i 4 S SUI R, AN AR, T A5 7= i 2
WA R, 2 2 7 v i i) 12 H e A O

PR A B 2 ORI IR 2R R T AT Y
JkAT R R SN I S o ELE s A . AR
KL 14 — 16 ] Hh f FiT AR B7L R 0 € fird PR e SRR 3 2
0 il 5 DO A A 2, (HL DR R B et P ) 2ok 4
s AN Ty, T R B TR R B R A e A, I
HRABUIR, A HIHOY 143 ~275 ml/g; Hifil s ad f
BB B8, W KGRI IR, 520 oA
KA SR IR E RO

B R IR B P41 88 0 J5ORE, LARHBR A1 3R
PR TR R TR A AL J2 51, Al e A ik B A
JE s IR A B, 55T il A o R A 24550 E AT
BAEER,FIH XRD (FTIR (SEM #8355 1 Al JEZ KA1 55
il 5 e A rh A% B B W 1) = ) A5 4 K 3R T IE S

A

I FE A H#E:2016 —10 - 11
E&WAE : EZFH IR H (2013BAE04B03 )

TEE B A IS (1990 — ) 3 B4 507 [ A Wy b1 ek ] 46 -5 RETD  fengwenan@ 163. com; B 574 (1968 ), 55, 11, my G AR, BF 58 J7
[ A 4 B A T 8RS T R A 7 Sl IRIBE RN Lgluollg@ hotmail. com,



- 76 - LA AL T

1 EWEHS

1.1 RXFENEE
KRG 1 58 R R B NS 2R, Rk
FRALJE 1Y 7 i, B +0.30 mm( +50 H) , [ E Ak
i ok 98. 86% . it H1iA 58] KMnO, (51 73 4%
=99.5% ) \HNO, (JFi /340 h 65% ~68% ) | &4
MR (i 53 % 70% ~72% ) (H,0, (BT 5350 h
30% ) 4 RorHrali. F AB204-S HiL 1 RF-FRFE, K
JE4 0. 001 g, 4 JZ I HH -4 i HOPe i 7K Vs S 4%
T [ 53 85 LD -5 80 E 2 iy AL g, A 101 -
3AB H A KT B AR MU, T SRIX B4 =X BHL
pIIESUUIRE i ST AV ARSIV S v e B s
s, XA it e A S an 18 1 s
®1 AERERUFESTESINER %
o2 8i0,  AlLO; Fe,03 Na,0  MgO K,0
R0 0.060  0.008 0.012 0.004  0.006 0. 002
JEE €0 TiO, ol ekt [
AL 0.002  0.003 0. 005 99. 89 98. 86

30.0k
G G
. 25.0k B B| c—7m
2 B— Bz f}
&20.0k C— Heir
B 150k
b
33 10.0k ’
® solg B cele &
PB) B BG
10 20 30 40 50 60 70 80
20/(°)

1 % %Rk XRD 447 E %

FH% 1 AT, A 28 JFORkE I S B ) 3T 40 50k
98.86% , J& i filk f1 8%, 2% i B M EE 4R R AN
B B BRSO B XRD RS R AT JRURH

BT W) O A1 5 (Graphite ) , 2% U IR = B

(L% 74 )

[9] Shemetov A A, Nabiev 1, Sukhanova A. Molecular interaction of
proteins andpeptides with nanoparticles[ J]. ACS Nano,2011,6:
4585 -4602.

[10] Walkey C D,Chan W C. Understanding and controlling the interac-
tion ofnanomaterials with proteins in a physiological environment
[J]. ChemInform,2012,41:2780 -2799.

[11] Salvati A,Pitek A S, Monopoli M P,et al. Transferrin-functionalized
nanoparticleslose their targeting capabilities when a biomolecule corona
adsorbs on the surface[ J]. Nature Nanotechnology,2013,8:137 —143.

[12] Jansch M, Jindal A B, Sharmila B M, et al. Influence of particle
shape on plasma protein adsorption and macrophage uptake [ J].
Pharmazie ,2013,68 ;27 —33.

[13] Shemetov A A, Nabiev I,Sukhanova A. Molecular interaction of pro-

( Biotite) | #4k™ ( Pyrite)
1.2 ZTHmAEKEEH&ERERE

DA e SR B A R N o SR A Ay il 4 ] R I A
SRR LA SARZ ), 5 1S B Sy, AT AR TC
T PTRZAK A 2 B R ] R A AR 2 (R] Y A AR
T AT B2 G, BEARAE 2 SO A TS AL RE o IR
S NO, FIREER T NO; FAES Tk o i oy 4P
I3 2 LR I R L8 0 e AR £t 70 o (£ T E
Gy BACA ST HEA A 22 8], (B LS R A o S AL A
R 28 BT IR A SR 46 E A 5 o A FUR T Sk
PR B DU 2 R o] B K A 555 80 K 43, T JIn A TR
FIREAR R A3 o e SR Ry T4 J2 50, 78 /5 il B2 B R0 Y
PRI MR A A SRR A B A SRR EE Y.
PR R AR AN SR 5 T R A SR R Ak

Gra + MnO; +4H* — Gra’* + MnO, + 2H,0 (1)

2Gra + 2HNO, + [0] ——>2[Gra - NO,] + H,0 (2)

2Gra + 2HCIO, ——2Gra* + 2Cl0; + H,0 (3)
Horr, Gra (A1 55,

Hr (1) AT, e 4 TR R 4R A A 5 i 2
MEVS T /K11 MnO, , 7K k3 A% rhif in /b i 8 AL A
AR LA MnO, |, 1717 HLIH FEF0 AR 1Y e Sl IR B, 8 S
PG, A K BEAE T . 3 LR S MO, FI
e R R B I S A

MnO, + H,0, + 2H* —— Mn’* + 0,(g) +2H,0 (4)

2MnO; +5H,0, + 6H" —— 2Mn>* +50,(g) +8H,0 (5)
1.3 TAIEKAEE6H&TIZE5hE

DA e B R R AN A R AR A8, i SR A 2711
BT E T2 AT IR A AR R AR an & 2 s .

TR IR e e SR FIAH PR TE 25 I T 1R T s A
FREL3.0 g KAREE A 4158 0.3 ¢ i BREM ; ¥ /2 r

9 0 STl g A 1] 5 SR e 7 v R BRG 6 ~ 8 mindi

teins andpeptides with nanoparticles [ J ]. ACS Nano, 2012, 6.
4585 -4602.

[14] Deng Z J, Liang M, Toth 1, et al. Molecular interaction ofpoly
(acrylic acid) gold nanoparticles with human fibrinogen[ J]. ACS
Nano,2012,6:8962 —8969.

[15] Stsber W, Fink A,Bohn E. Controlled growth of monodisperse silica
spheres in the micron size range[ J ] . Journal of Colloid and Inter-
face Science,1968 ,26.62269.

[16] Hummel B C W. A modified spectrophotometric determination of
chymotrypsin, trypsin, and thrombin [ J ]. Canadian Journal of Bio-
chemistry and Physiology,1959,37(12) :1393 - 1399.

[17] Klein J. Probing the interactions of proteins and nanoparticles[ J].
Proceedings of the National Academy of Sciences, 2007, 104
2029 -2030. H



2017 T4 B

[gen| [@mEM]  [Kesras|
VT

7 BE LA B(GICs)
IAGE BH,0, 865,
112/ RN

ek TR TR

gk

B2 f¥FahEHE&TBEKeEEILRE

T B 2 ming S B AEHUA, FHZ& WK vt 2=
P, I AE 60°CF TR BN rl K 1 85 4 B8
5 GB 10698—89 Ff Ik 147 1k I s HAK AR, 4%
BB Py Al XRD SEM #EAT3R1E

2 GRSt

2.1 BE;HAEME X RAKSRHENE
TEREIR IS IR IR 5 1 se ) i b Ry 3.5: 1 ~
6. 5: 1 SRR SR ) o i 3 50K 4% ~ 12% , ] i
HRE R 30°C , W I [E] SR 45 min B S1F T, HER
PR -5 A 2 o i HFITR IR HH A TR B o 1 A0 BO I I 25

sz, 451K 3 s,

420
7400}

5
45380-
= 3600
& 340t
2 3200

300

2

—
w

4 6 8 10 12
TR o R R A R 4320/ 9%
I—IRR S5 AR R 3.5 1 2—RR S ARRE N 4.5 1
3R A BRE LN S5 5 1;4—RIR 5 A= w A 6.5: 1
H3 RR(BRAMEAR)EFERELM
WL B 2 B I R AR 1 % v

&L 3 AT 0T TR R Hh RS IR o i 0 R 8% B, A
KA B I I A FREVAR SR 5, Pk 370 ~405 ml/ g,
IR P AE R o 5 03 BN T 8% ) i 40 S A
Fe o3 AL, i R TC IR MR 4 A\ A 28822 6] 5 A R o
G3EE T 8% B IR AR T B, ik 2 B T R i
A A R AR AL, T S B R LD 2
ALY, YEEIR BT R4y BCR 8% L IRIR 5 A1 S Y i
L 4.5 B K AR R 405 mL/g, 1B A AL A
2N B T 4T A E RO BT o
2.2 KMnO, AEXEKER T

BETRIR 5 A ss i) Bt Lo 4.5 IR R T iH R
i R 8% , 75 %% w4l TR A FH £ X I AL OR 1Y
SO, S5 RN 4 R

RIBN T : TR I A OBV HIE A RHE - 77 -

420
“w 400}
= L
2 380
= 360f
g 340}
3 3200
300

0.06 0.08 0.10 0.12 0.14
FERFSORNERK

K4 BaEme g KER N

HIPE 4 ] A, 25 SRR 5 A1 SR B HE N T
0. 10 B, AT T 8 g 20, JC ik 5e 73 4T T 1 2R )= i
G, N7 S8 2 1R/ Al JZ 0 Gk e A JZ 8], 462
ROMIANTE Y o A R BRI -5 41 s i LA 0. 10 1,
AT RZAKAT SR RSCR B i, IR AR B AT 1K 405 ml/ g
o B R BT 5 A0 S5 SRR EE A 0. 10 B2 0. 14 i), i)k
AR 2 370 mL/g, Xk o T3 d el R A (L fE
B AR SR i Ak, T LR ) Sk Pt R, 25
WAL AR o BOBGRRIR 5 41 SR R L 0. 10,
2.3 BEFEHMBKERIZIT

BOE m(f188) m R ERIREN) : m (IRIR) O 1t
0.10: 4.5, JR R A B B i 0 BN 8% o 4 I
TRLEE K UEIELE A K SO I e o) ml KA1
AR A5, 45 RN S F7s o

S Vi A [8] /min
0 20 40 " &

60 80

0 20

40

REE/C

1 — SRR 52— 7K URIR B 5 3—HETRLEE ;4 — P I it i)
S BAEFEXMBKERNZ N

HIPE S n] oA, Bt St BE 3 o, T A 25 Y
KA BUE ETHE TR iR M 20°C T £ 60°C
i, B2 K A B 385 mL/g T 410 ml/g, J5 [ 3
395 mL/g, YL N 40°C i, B AL RO it
3 T PO I BE S AR I, S I ) 4 1 A R R ARAIR
3702 BOSIYE LAGHEA T, I AR RCR B 22 5 TR i i, 1K
56 v AR MR R 2 45 %, Kk AR A J2 50 ok B2, [l
FEE AL S I E G R ARCR .
PRI 0H 07 1k J3E A 40 °C I 7= it I Ik 2 AU i o

J RS )5 M T 2 A 2 ) 4 S 0 RE
RIS HAf RUE RO R T 1S min 3 2 45 min
i, 7= AR BU 375 mL/g 3 28 410 mL/g; k%
A SOV IR ] K A AR AT B, 75 min PR IK A



- 78 - LA AL T

FHBE A 405 mL/g, X2 R S B () i, 4 2 0
FEANTE 0 5 1M i S Biti 5 5 0y B TR A 388 0 B ik 28 A
Fh R, W R Ry A 38 )2 ih 20k A i B AL R A 3
1) J22 V45 A4, 7K s 4 J2 750 Bt VBORH Ay 85 )23 (] %
fiif 55 )2 A1 250000, BRAR AT I K A S5 I K 25 AR,
BRIt , 326 BBCER A S N IS () 2hy 45 miin,

JKUE B BBk 25 5% B A A T 1 S AR RN I )2
BT AT I A A8 S HO S AR E R, RS ]
DIE Y KGRI R 0 ~ 20°C ), AL 0O BT,
JKRAFUAEF] 410 ~415 mL/g; 247K P I B2 M 20°C T
£ 80CHT, [k 25 FAM 410 mL/g B3] 300 mL/g,
X TR PRI BB AGET, A B2 IR AL G
FRUE 5 7K VTR B TP v LV A 3 K, I Bt/ e e
Yok Y 1IN W AN AR - 9o TR R A=/ i 91111 2394
KA

HIE S FTRVE Y, BET IR N 50 ~ 60°C 1), /]
TR AT SRRSO i o IR AT SOC I, AT 2
JHKA 55 )2 [R] RN 2R T8 A 7K 53 T 48 & 58 4, R $Ak
FR R, 5% B K o2 BRI 2R R T W SR o A S
B BEFEAR, S A HOR o HET-IRE H 60°C
T+2 80°C , [k 7 A 1 410 mL/g [3] 380 mL/g, X
S PR A T 8 R e SRR 1 9 i Ry 78°C i 130°C k-
TR RE A vy, 9 A A 55 2 R] ) i R v SRR = 5B 40
i , RIS B 7 A 4 7 VRS Z D (R Ik 2
FRREAR . BT LA, 255 25 SE R AL ASCR FARL T isf [i], B
TEPRUEIZACRCR BT $2 T, S a2 ol 2D Bt 3o 2 T 5 1f
(], LT3 3 16 60°C A HiAR
2.4 FEMEY XRD 5317

KRG R A0 565 JFORE AT I K A 88 S B Ik A A5 1Y
XRD EEWE 6 .

4.
A 3.7121

TR

10 20 30 40 50 60 70 80
20/(°)
1—RR % 7 82—l kA 48 3— ik A s
M6 "keEF&IEFLRNETN
XRD A
DRI 7 2 [ 2 ok Jo i 0 B5CFE 98. 86 % Il A 5
AT S UG B e s DNIEL 6 T, A A T R AIE 1
20 =26.57° (d =3.352 4) F1 20 = 54.70° (d =
1. 676 6) , A B KA1 A8 P RRAIE I 538 13 R B, 14T

E31BE4H

e, He KA, 245k 26 =25.76° (d =
3.4556) F120=29.08°(d =3.068 3) . FHIFFIEE
A 533 S T T /35 1) A8 AR AT N 4250 2 A A
BZE R T ASZEE Y. AT A SE &
R AR T SRR Y A, A AR )R
[EERER  HR A BZEN CJEFZME o B AR
SR, Wl A 8 5 0T K A A8 a5 R 0 67 AR Ak
RA, SHATE 26 =26. 57° 1 20 =25. 76°4b .

28 e AL T A R K A 28 00 S A d A2 1 2
IR AT ST s B 1 B4 s I K A Sl R A SRR A AT
SFP0G W T AR T 0 A AR JEURE R AT R K Ay AR A
PET35 _ TCHAth A JoT ) A3 Sk 0, 150 0 o % 1) 2 ik A
FRiHEk BBARAD el st
2.5 FEMEF=Y FTIR $51E

AT I AT A5 1 28 o R P OAS [ B B = 0 19 FTIR
FEE I 7 fis

669 —

N
BEIGEE/ %
433( 3419 Gaae
w [
1631
1637
1635
1576 157! 1579
1385 1401
1120
625

4000 3000 2000 1000
BB/ em?

1 — TR 71 8 52— AT RO 28 53— T 28
H7 Aks 26 &L TRNE~
FTIR [ i

HITE 7 TELR 1l S50k 3 446 om ™ 4R
o JE O—H A 45 i 2 e 5 i FAE 1 580 ~
1700 em ™" Ry & K78 £ IR B FEAE 1% 669 em ™'y
H,O (FEIEIR SN ARG . 585 B4 S8 A EL, mT R Ak
A1 RIA LT R g, 0 625 em AL IR AT I Sy
Cl—O SHMZ Yol s 1 120 em ™" 22 A7 14 3 I AC 08 oy
ClO, 104 4 A7 582 A A 75 SR 51 385 em ™'l
NO; FFFIEM I , W] NO; (ClO, B AfA SRR
[ A B2 AL A . XTEHE 7 ik A s
AT B P 0 T JHT 7K ) W A g it 32 A A8 FARAIG
900 ~1 300 em ™" H B T AR B &5 (19 K S8 R AE 1, 3 S
Z A E N, (H 5 55 , UL B A 2 040 & A R AT
AT A B

R KA B 21 i rb At R e e A /> | R i
1Rk A1 SRl A, S XRD B4 R —30
2.6 AEMEFY SEM F 55

RIRGE A1 5 ] I kA SR K A Bs
BN 8 fin. B 8 (a) ATHL, KRS 1550



2017 FF 4 B

JZ R ARG, R T2 RN B 5 i n] B KA 252 ]
WEARNS T8 47 SR W] R OR, 1 SR I SR AR
PG, )2 B — e Bk A st e 8
(b) Pz

(d) IRk A 5 (2 000 x )
8 Wika EH&LEFLRNE~Y
4 . 5 B

(e) Mk A 82 (100 x )

TR A 285 by UM ™ 4 RO 2 B OB 25, ik
JEZ 8] VRIT FUAG B A 25 0950 1 AL BRSs
JRSHAE 100 pm ZiAy, Wi 8 (c) s Sl AL A
JZEABNITEAE b WA J2 5% B A4 250 Sl A ik
P IAREIGE, RAE LT wm 2247, 2 A
B AR AL B IR A1 SR A 2R 2 RALBRAGHY , n
K 8(d) frone FE A JZAES, RFAE 0. 1 wm FJL
wm (A HLIN 22 T AL B A 25 928 3 G LB AS
FAE BT AT L

3 #it

(1) AT R B i 70 K0 98. 86% 114 Ry Bl K 5%
8% P A1 82O JEORE , 2 AL I 2 )5 AT L i A OB Al
KA 55, AR A AT 1% 410 mL/g,

(2) Hil B B AR LA m (188 ) - m (75
FRERER) - m(IRAR) 4 1:0. 102 4.5 {5 1 Hh i R Jot it
MR 8% , NI D 40°C, S NI [E] g 45 min,
IKPEILIE N 0 ~20°C B 60°C o 2% £ 7 ik
HA B BEOR TR il a6 Sl I, 1 2500 S5 D

(3) KARE R A1 10 & n] KA SR R P,
£ 2 [ 25 R T BN , 2300 2t BRAG L 5o
B SRR . I BAAE BRI BK A1 28, 5 LA
TIOAS b 3 e 2 i 25 Ak, T B A 14 TR ™ i o
AR TR AR 2 P 1) = ALBRAEH .

RIENF : LRI

OEHIERFE 79 -

5% 3k

[1] Modesti M, Lorenzetti A, Simioni F,et al. Expandable graphite as
an intumescent flame retardant in polyisocyanurate-polyurethane
foams|[ J ]. Polymer Degradation and Stability,2002,77 (2) ;195 -
202.

(2] Zoklh, RESE, F 1%, 5. KA 806 & T2 0 e
JELI] AL A 540K ,2015,22(5) :29 -34,28.

[3] Li S,Tian S,Du C,et al. Vaseline-loaded expanded graphite as a
new adsorbent for toluene [ J]. Chemical Engineering Journal,
2010,162(2) 546 —551.

(4] sBmite. 182 E G W IS5 M KGR [ T]. iR
K2 ARFRF2# 417 ,2005,21(3) 168 - 72.

[5] Wissler M. Graphite and carbon powders for electrochemical appli-
cations[ J]. Journal of Power Sources,2006,156(2) :142 - 150.

[6] Chen Y P,Li S Y,Luo R Y,et al. Optimization of initial redox po-
tential in the preparation of expandable graphite by chemical oxida-
tion[ J]. New Carbon Materials,2013,28(6) ;435 —441.

[7] Xiling C,Kemin S, Jihui L, et al. Preparation of lower-sulfur content
and expandable graphite[ J]. Carbon,1996,34(12) :1599 - 1600.

(8] #H, R ETL, T8, %6 ik A s nil s T2 5]
MY K% 24 ,2010,37(3) :59 - 63.

[9] LiJ,LiJ,Li M. Ultrasound irradiation prepare sulfur-free and lower
exfoliate-temperature expandable graphite [ J ]. Materials Letters,
2008,62(14) :2047 —2049.

[10] Li J,Li J,Li M. Preparation of expandable graphite with ultrasound
irradiation[ J] . Materials Letters,2007 ,61(28) ;5070 - 5073.

[11] Inagaki M, Tashiro R, Washino Y 1, et al. Exfoliation process of
graphite via intercalation compounds with sulfuric acid[ J]. Journal
of Physics and Chemistry of Solids,2004,65(2/3) :133 —137.

[12] Ying Z,Lin X,Qi Y,et al. Preparation and characterization of low-
temperature expandable graphite[ J ]. Materials Research Bulletin,
2008,43(10) :2677 —2686.

[13] JAFRR AR P IZAK A7 82 i g B 52 D] 330 BT R 2
PR MBE TRRAEBE ,2012.

(147 WRsche, 4038 W, 55, —Fhan 85 Jom vl I ik 40 28 1l 45 7
#::CN,201110366267.9[ P].2012 - 06 - 13.

[15] B8 26 HE AR, 5. —RioJos: il I MK A S8 04 i 4 7% . CN,
201510992663.0[ P].2016 - 04 -20.

[16] FhR— B, XIS, 5. —Fh IO A A ) 45 77 . CN,
201510991528.4[ P].2016 - 04 - 06.

[17] B/ ARTS Jenl ik S & MARE e[ D] 55
By REFEAEAL T SRR A2 B, 2009.

(18] BB, ZRLLH0, EHER, 2. W A5 R T WK 0 82 9 ] 45 M SR AL
[J]. 74K T 2014 ,42(6) .76 - 78 ,121.

[19] B2l 4, RIEEE, ST, 4. 70 04 2 iR 4 e A5 I Ik A 88 %
HAOWZER L], e R % TR ,2014,22(5) 1267 - 1273.

[20] wit, Zopr. MK A AR i 5 S 2R e [T ], BB RLF R 2
R (BARERR) ,2011,29(1) 129 -31.

[21] Wang Q,Li Y, Sang S, et al. Effect of the reactivity and porous
structure of expanded graphite (EG) on microstructure and proper-
ties of Al,05-C refractories[ J]. Journal of Alloys and Compounds,
2015,645:388 —397.

[22] Afanasov I M, Shornikova O N, Kirilenko D A, et al. Graphite struc-
tural transformations during intercalation by HNO; and exfoliation
[J]. Carbon,2010,48(6) ;1862 — 1865.

[23] Celzard A ,Maréché J F,Furdin G. Modelling of exfoliated graphite
[J]. Progress in Materials Science,2005,50(1):93 -179.



