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Study on the Pitch Carbon-coated Artificial Graphite Anode
Materials by Vacuum-liquid Phase Method

LIU Hong-bo, LI Fu-ying, HE Yue-de', CHEN Yu-xi
(College of Materials Science and Engineering, Hunan Univ, Changsha, Hunan 410082, China)

Abstract: Two types of pitch carbon-coated artificial graphite were prepared in the vacuum liquid im-
pregnation method, while the coating agents were medium pitch and modified pitch dissolved in THF solu-
tions. Scanning electron microscopy (SEM) and X-ray diffraction (XRD) were used to characterize the
structure of the carbon-coated graphite and artificial graphite. Li-lion batteries were assembled and their e-
lectrochemistry performances were evaluated. The results have shown that the pitch carbon has been coa-
ted on the surface of the artificial graphite particles. Meanwhile, the average pore diameter decreases due
to the carbon coating. The carbon coating increases the disorder degree on the surface of the artificial
graphite. However, the crystal structure of the artificial graphite remains the same. The BET specific sur-
face area of the carbon-coated artificial graphite derived from the modified pitch decreases from 4. 27 m*/g
to 1. 65 m?/g. Its initial coulombic efficiency increases by 3. 5%, and its irreversible capacity decreases by
10.9 mAh/g. Meanwhile, the cyclic performance has been enhanced.
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Tab.1 Properties of the coal-tar pitch

g | SP TS QI TI-QS Coke yield
Sample Jo , / /0
: /C /% /% /% /%
Z 83.4 83.49 6. 74 9.77 50.19
G 105.3 72.40 10. 27 17.33 59,21
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Fig.1 SEM images of AG(a,b), AGZ(c,d) and AGG(e,D
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Tab.2 Particle size, BET specific surface area
and average pore size for samples
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AG 23.68 4.27 13.11
AGZ 45.03 54.02 2,44
AGG 41. 85 1.65 4,81
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Tab.3 Parameter of microcrystalline
structure for samples

Y d()()Z Ilc E%{tfg
A /A /nm /%
AG 0.335 85 37.18 94,72
AGZ 0.336 01 33.21 92.94
AGG 0.335 90 35.86 94.13
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Fig. 2 XRD patterns of AG, AGZ and AGG
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Fig.3 Raman spectra of AG, AGZ and AGG

2.3 xEBEXNXFERLEEENZ I

4 &3 AR EE AG, AGZ Fil AGG WG 75
ik, A LR B 3 MR R RR &0t
Hi LGRS G ¥ BE3A 3 100 %4, A 5 25 & bl & 18 5
YRR IS 2248 bt 3K 3 de KAE JS AN R R %
4 HFI T 3 AMEKAE AG,AGZ Fi AGG 1 45 5
AT E IR B BRI 48 A & IR 75,
5 AG I AGZ AAT #5538 17 9. 8 mAh/g,
HIRERRCRIEMR T 2. 5% . KW 8 h iR H %
KAEW > SET (I AL s AGG AN Al i R > T
9.9 mAh/g, TR JEMRBCRIER T 3.5, KW UHE
WU Al T SET T B X 5 T 2 AR
FELE MY A, AGZ Al AGG 5 48 IR 45 it (R 45 KA
A P B D0 SR WY A B T kAT DA N A AR Y
TE IR,

3601
. — q115
P
320+ T q110 &
2 5
& H105 8
< 280 &g
: NDUSIDUSUUUSUN
E - 5
g‘ 240} los E
& e 2
QO 200 —a— AGZ 490 O
—— AGG
185
160
0 10 20 30 40 50

Cycle number
B4 AG,AGZ F= AGG & 1831 F & th &,
Fig. 4 Cycle life profiles of AG, AGZ and AGG

R4 INAEMBEUAEFERE

Tab.4 Electrochemistry performances for samples
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/ /% /%
AG 333.3 34.4 89.9 85.5
AGZ 333.6 1.2 87.2 91.2
AGG 343.8 23.5 93.4 91.1
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Cycle voltammograms of AG, AGZ and AGG

WX 1) L2k B Hh BRI R ) OO AR
BT 2 B poal DUA L 97 s B s A R 0
I A% BH B0 A L A7 % 36k BEL 0 249 A 9 0 /) » L 8 S5 0
W ALELE I BT B8 BT R A A A4 3 BE T T R
Z R E T 75 A R TR NG A SR
HLfb S PR fE.

1) 5% B8 — YRR 2 1 4 09 W o B B N3
BRI — 2 o, B ko 7 )
N3 A 5 JORE Y L B A 0 1 24 FL AR WIS 0 7 2 6
TGO A BT R X TC R R RS
PR N T AT ) A R 25 4

2) ORI T AL N T A A R THDRLRE B AL . T
FE BB R B E R R B 89, 9% B K F
87. 2% AR RN .



5 6 0]

X U S - LS ORI 1 4 B BN A 2B R BB B AT 5 75

30 RSB T e AL BN T A1 8 R DG BUR S

Femm AL /. R RS SR 89, 9% 7 F
93.4% .45 48 WA B X H 85 5% & 7
91. 1% . AL A PG FRPERE AT I el 3%

2% 3k

(1]

2]

(3]

[4]

(5]

(6]

KANG K,MENG Y S,BREGER J.et al. Electrodes with high
power and high capacity for rechargeable lithium batteries[]].
Science,2006,311(5763) :977—980.

BRANDT K. Historical development of secondary lithium bat-
teries[ J ]. Solid State Ionics,1994,69(3):173—183.

PELED E, MENACHEM C., BAR-TOW D, et al. Improved
graphite anode for lithium-ion batteries chemically bonded solid
electrolyte interface and nanochannel formation[ J]. Journal of
the Electrochemical Society,1996,143(1) :L4—L7.

AURBACH D, MARKOVSKY B, SHECHTER A, et al. A
comparative study of synthetic graphite and Li electrodes in e-
lectrolyte solutions based on ethylene carbonate-dimethyl car-
bonate mixtures[ J ]. Journal of the Electrochemical Society,
1996,143(12) :3809—3820.

MA C, ZHAO Y, LI J, et al. Synthesis and electrochemical
properties of artificial graphite as an anode for high-perform-
ance lithium-ion batteries[ ]J]. Carbon,2013,64(1):553—556.
FAM BT, ER S A UL R R I A SR U A
BHE BB T ] DIRER R, 2012,43(23) 13208 —3212.
WANG Chun-mei,ZHAO Hai-lei, WANG Jing, ez al. Modifi-
cation on artificial graphite anode material by coating with or-
ganic pyrolytic carbon[]J]. Journal of Functional Materials,

2012,43(23):3208—3212. (In Chinese)

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

YOSHIO M, WANG H,FUKUDA K,et al. Effect of carbon
coating on electrochemical performance of treated natural
graphite as lithium-ion battery anode material[ J]. Journal of
the Electrochemical Society,2000,147(4):1245—1250.
OHTA N, NAGAOKA K, HOSHI K, et al. Carbon-coated
graphite for anode of lithium ion rechargeable batteries:
Graphite substrates for carbon coating[ J]. Journal of Power
Sources,2009,194(2) :985—990.

TSUMURA T,KATANOSAKA A,SOUMA 1,et al. Surface
modification of natural graphite particles for lithium ion batter-
ies[J7. Solid State Ionics,2000,135(1):209—212.

LEE H Y.BAEK ] K,JANG S W,et al. Characteristics of car-
bon-coated graphite prepared from mixture of graphite and
polyvinylchloride as anode materials for lithium ion batteries
[J]. Journal of Power Sources,2001,101(2):206—212.
IMANISHI N,ONO Y,HANAI K,et al. Surface-modified me-
so-carbon microbeads anode for dry polymer lithium-ion batter-
ies[J]. Journal of Power Sources,2008,178(2) :744—750.
VR, SR 4L, R, S5, P E R AR IR 7 0 2R 7 AN
[J]. 5 ZH A 2006,24(5) ;20— 27.

XU Bin,ZHANG Xue-hong, WU Bi-ying,et al. Production and
application of coal-tar pitches used for manufacture of carbon
materials in China[ J]. Carbon Techniques, 2006, 24 (5) ;20—
27. (In Chinese)

GUOPING W, BOLAN Z, MIN Y,etal. A modified graphite
anode with high initial efficiency and excellent cycle life expec-
tation[ ] ]. Solid State Ionics,2005,176(9):905—909.

DAHN ] R. Phase diagram of Li,Cs[J]. Physical Review B,
1991,44(17):9170—9177.



