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Influences of Increasing Interlayer Space on the Properties of Lithium
Storage of Natural Graphite

Yang, Shaobin™ Fei, Xiaofei Jiang, Na
(College of Materials Science and Engineering, Liaoning Technical University, Fuxin 123000)

Abstract The natural graphite was processed with technology of intercalation compounds (GIC), coated
with precursor of soft carbon, and heated under inert gas. The interlayer space of the sample was increased,
and the room for expanding of the sample was reserved. The improving method of increasing the interlayer
space and reserving room for expanding has been found successfully, on condition that the changes of the
diameter of carbon hexagonal layer and the particle size were not obvious. The analysis showed that there
were a lot of oxygen-containing functional groups on the surface of GIC. In the process of GIC being coated
with soft carbon, the recovery of the interlayer space and room for expanding was blocked by the reaction
between those functional groups and petroleum pitch, and by the gas emission resulted from GIC pyrogena-
tion. Using this sample as anode material of lithium-ion batteries, the reversible capacity changed little, but
the rate discharge performance and cycle performance were improved remarkably. This was because of the
increasing of the interlayer space and reserving room for expanding resulted in the enlargement of Li-ion
diffusion path and the decrease of the coating layer damage.
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coating

RARAT 28 BAT A SO RE e AN A R S 2 B TARAERE, DR TR DU R . H AT
AR ERAL, JEHORREAT R WA K e 2 PER AR A7 852 T WLt b PR B e e 19 A7 58 1A

* E-mail: yangshaobin@yahoo.com.cn
Received September 15, 2008; revised March 11, 2009; accepted April 29, 2009.
LT AR HE4:(No. 20072206) % B T5H .



1996 4

Eivd Vol. 67, 2009

FERHY. (H O T4 B 1 AR R R A SR P R I R 1,
AR R A7 A AT SR M R P A 2, A A SR £
HINHPERE . AR RE G IE REAS BRI L 2 ) 1
HIT ) 7oK, A8 A AR AE Bl e 1 ri it AT .

P 1 1 R TR B S (O LB RN i A A
JiTi, M2 — 2k AT S A B RLAR. R/
AR HOHE B, i RO M e . (R RLAR L /N,
T VA SRR T ) 70 % RS BRI, AT 3 B0 h i 7
TR B YA SR R B, fe s T
FEJZ M9 HOE B, ot 5 o e RED. B lnT g, 7
TRFF— @ RLFERITE LT, 37 K2 (] B R A A e s Pk
BEUT VR T 70 1 )6 P b 2 o s 1 Ay B
WA R AR, HATM BRI A R O R ERIRZ J5
TR RAR AT BEREAT UM, B R A 2 S A
AT AL, BRI . R S5 B AT
DR AL B S AT IR A IR L7 L, AT A A B AR TR U
GrJE . A JEouE RILA B A Y, X e vk
KIRGE R A w2 PR, ANAEH T OCE A B AR £ %
BOBRPERE. EARERBESSH UM R T LA e 2 el B, (B
J2 R I 3 OB FE IS /IS, 3% PR T 70 SR8 B BRI, S 2 X
TRIRA B, NATEBAT SR BMRFEIRLE K5 M 1
BARTEOU T, B 2 R A Jo& e,

KA 7 ik A P o b A SRR AR 5 R 1) kL 2
28, AR IR AE AT SRR b TR HH I 2 T, 9
DI L 2 IR, AT 4 i R AR A 88 1 22 A M R
HEIRERE.

F)E A Ik, NATEBAT B A SR AN 5 e
UL, BEREES TR AR, RERSHE = 2 R FR 1
AL WA BINE. ARSCR A KRR A SRS
PR TTIER RARAT S8 AT Ok, ke T PR H W, R
T ST AR A B 4 P R T T8 Al AR P S .

1 KL

11 E#

SIS JORE A BRAE TR AR5 A 8, KL dso=17.48
um, LERME 5.1 mYg, HEZE 0.91 g/mL. 10° 4575,
WEEIYHIA 85%IK H R A 68% [V AI FR (WA BH Ak 23R 571
J ).

1.2 MREH &

0 10 g RARATERGE N SG), I 100 mL ¥R ASER AN
40 mL HR, 7E/KB# T 30 C ¥ 40 min, W4
WJE, HZERACKA SR b v, M H A S i A
HYICIERE A, 1l GIC.

FFEM GIC BT A, 76 Ny RPUHATEL S

‘C/min JHEZE 880 C, ¥H1Jm il I3 BTk A7 S AE
mh, A HGIC.

B 1.6 g AT 30 mL BEnlirh, 80005
P, MENUE R BB, ¥ 20 ¢ SG, GIC,
HGIC Ff &b 73 B 2095 5 s i, e,
HiE —BUN R, ZRE, MBEIE A S HaE
Je FRIRE S AE N PR30 R LA S °C/min FHEL % 880 C, R
W2 h, ARG, 920 SEREN, il h
LSG, LGIC, LHGIC.

1.3 ZHS5REHRMIR

KH] Rigaku, D/max-RB T X HHEATHH{X(Cu Ka,
2=1.54184 A, FHJE 35kV, FHI 30 mA), XA
AT, H3E25 K 0.04°. SR SSX-550 44 v 1
BB SRR T TESURFE. SR BT-9300H 0%
o BE SCIRAE SR RE. SR BET i, &AWL &
THIFA. K PTG-S3 2 i 5285 BEvHIIA i A S 85 .
1.4 BEEMIR

e A I EHRAE LSG, LGIC, LHGIC 43 %1 5 5%
i — I LIA(PVDF). FHUR B Q%) GG, H N-
PR R ILE 1 Jo I (NMIP) s e, TR SR, 3 S0 U 78 (e i §
b, BETELRE, 95 100 pm 2247 JEREE, BUE AR A
10 mm (I VE AR . AR 7 120 °C B35 44 24
h J&, TR/ TTFEM 4 s e fth. LRy 1
mol/L LiPF¢/EC+DMC+DEC(HARILL 111 1), FFis
IR A 3% VC, DU R AT E bk, SR s A
0.2 mA, HEMHXTEH 0~3.0 V.

SEAR R IN BRI ARE R, DA S A
. SR HL I ) TE AR R R R AR, R Y S
A423440. HEATHHFATE REMA.

2 TWHERSTH

21 AEMBALEME
FERM P EE AR 1, FATRE AR e A s K
Je HEAR BRI JURK AT 28 HE AR RR ) 228 5 IR SR HE AR
Z R RS E. 3 1 T, SG &t A s i AL S
Y In, RS BN SRk 1 0.18 £, Tt id it
. 3 WVEE YU/ B R e
Table 1 Physical properties of the graphite samples

Sample SG GIC HGIC
Tap density/(gemL™") 0.91 0.77 0.85
Expansion multiple 0 0.18 0.07
Size/pm 17.48 18.71 18.15
BET/(m?sg ") 5.1 527 5.52
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Figure 1 SEM photographs of graphite samples
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Figure 2 XRD patterns of graphite samples
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Table 2 Physical properties of the coated graphite samples

Sample LSG LGIC LHGIC
Tap density/(gemL ") 0.9559 0.8731 0.9526
Expansion multiple 0 0.09 0
Size/pm 19.48 19.71 19.45
BET/(m?g ") 2.01 2.26 2.29
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Figure 3 SEM photographs of coated graphite samples
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Figure 4 XRD patterns of coated graphite samples
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Figure 5 Charge-discharge curves of coated graphite samples
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Figure 6 Cycle performance of coated graphite samples

SANRE R I TR B AR 3 s, AAFRTTATLL
F i, FEMLGIC 181 CHgHI, %54 336 mAh/g; 5 C
RIS 1 C TR AR 97.5%; TIAE 10 C mfif R
MR, REAREE | C B2 = 1 89%, X5 4k
PRI AR LA R M e A T B R . X S B LA
LGIC b Sutleds BHRE g 1 i, HA R AR R
PERE.



No. 17

WA HE K2 (] BEORT IR A7 8 T 3 Aif BV R ) S 5 1999

B3 WHEASENERRE
Table 3 Rate capacity of the coated graphite samples

Capacity/(mAheg™")

Sample

1C 5C 10C
LSG 337 306 285
LGIC 336 327 299
LHGIC 338 303 284
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Figure 7 The changing of graphite structure in the modification
process
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