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Materials with Slightly Expanded Interlayer
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Abstract: Correlation among preparation method, crystal structure, morphology and electrochemical performance of graphite
with a slightly expanded interlayer were investigated. The structure and morphology of the samples were characterized by XRD
and SEM analysis, respectively. The specific surface area (BET) and tap density were tested by the related equipments, The elec-
trochemical behavior of the samples was studied using galvanostatic charge/discharge test, cyclic voltammograms, and electro-
chemical impedance spectra. The results indicate that average interlayer distance dj, of modified graphite expands slightly, and
average in-plane crystallite size L, and L. decrease, while spherical graphite particles become smoother. Electrochemical meas-
ures show that the initial columbic efficiency of graphite increases from 91.6% to 92.7%, and reversible capacity increases from
345.5 mAh/g to 379.8 mAh/g, while both cycling performance and rate discharge capacity are improved. The intercalation po-
tential of modified graphite is mild increased, lithium-ion can deintercalate from graphite more easily, and the electrochemical
reversibility of graphite is improved, compared with that of the raw graphite. The improvement can be ascribed to the reduction
of activation energy of deintercalation reaction for modified graphite.
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Fig. 1 SEM images of spherical graphite (a, b, ¢) and mild
expanded (d, e, f) graphite
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Fig. 2 XRD patterns of spherical graphite before (SG) and
after (ESG) mild expansion treatment
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Table 1 Structural properties of spherical graphite be-
fore (SG) and after (ESG) mild expansion treatment
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Fig. 3 Charge/discharge curves of spherical graphite anode before (SG) and after (ESG) mild expansion treatment
at 1 cycle (a) and 30™ cycle (b)
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Fig. 4 First cyclic voltammograms of spherical graphite anode
before (SG) and after (ESG) mild expansion treatment
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Fig. 6 Cycle life curves of spherical graphite anode before (SG)
and after (ESG) mild expansion treatment
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(a) open circuit voltage, (b) 0.5 V

Ak, Aszi Hh AR SG A ESG (1 F- 218142 Dsg
4, OGS ZERTE A S 880 ST Lo Ly AHELER
A SRR /N, XA T/ T LiT e A )2 R
PRI Bk, AT A B S A AR SR A
B A 2R RREE A LN L IR (D) 54058
JEORHHLE, 88 BRI A S 8 ST Los Lo I,
RGRRE LiTE A SR 2 BB E () A ST
JEIRIEE doon ISR, XAEFITF Lit WA 582 R,
P e JB0 R s I P T, X R B S TR A S N [
TEAHETF B T BRAS, Q) HERIE A B RAH L, Ty
JEBRTGAT S5 IR T FL PR BR AL (T 2 ERE A
SRR THITK) SEL JI )5 B2 BRI A7 S5 T3, ml /)
Li" % 8 SEI JIE I BT -

3 it
1) SR AT WU A 3 2 TR BRI A 88 EAT 3™ J=
Ko B, A7 SRR I ER T IR S AR BRIR, 12 )= () B
dooo WA G K, PRI KL AT Lo Ly B/, UKL (1) 32
TS, I S8 B AT Uk

2) WA R AL, A s SR 1 R4S
M 91.6%IE INZE 92.7%, BIiJi%5 & M 345.5 mAh/g
A 379.8 mA/g, (ARG A A TR RE A 2
TGS

3) T JZ AT s AR AL AL AT e v, B TR
o WA SRR, S A SR P 2 SR e
TG, Ay s J R e INE PR35 A BE A 21 BRI T 2
S H:
[1] Roberto Tossici, Mario Berrettoni, Roberto Marassi, et al. Lithium-ion

Rechargeable Battery with Carbon-based Anode. American Patent,
US6087043-A, 2000.07.11.

[2] Jang Borz, Zhamu Aruna, Shi Jinjun, et al. Carbon Anode Compo-
sitions for Lithium-ion Batteries. American Patent, US20070
893398, 2009.02.19.

[3] Jang Borz, Zhamu Aruna. Process for Producing Carbon Anode

Compositions for Lithium Ion Batteries. American Patent,

US20070906984, 2009.04.09.

ZOU Lin, KANG Fei-Yu, ZHENG Yong-Ping, ef al. Modified natu-

ral flake graphite with high cycle performance as anode material in

lithium ion batteries. Electrochimica Acta, 2009, 54(15): 3930-3934.

[5] ZOU Lin, KANG Fei-Yu, LI Xin-Lu, ef al. Investigations on the modi-

fied natural graphite as anode materials in lithium ion battery. Journal

of Physics and Chemistry of Solids, 2008, 69(5/6): 1265-1271.

[6] YANG Shao-Bin, FEI Xiao-Fei, JIANG Na. Influences of increas-

ing interlayer space on the properties of lithium storage of natural

graphite. Acta Chimica Sinica, 2009, 67(17): 1995-2000.

JIAN Zhi-Min, LIU Hong-Bo, KUANG Jia-Cai, et al. Natural

flake graphite modified by mild oxidation and carbon coating

(7]

treatment as anode material for lithium ion batteries. Procedia En-
gineering, 2012, 27: 55-62.
[8] JIAN Zhi-Min, LIU Hong-Bo, HE Yue-De, ef al. Influences of mild oxi-
dation treatment on the structure and electrochemical behavior of spheri-
cal graphite. Journal of Inorganic Materials, 2012, 27(2): 151-156.
[9] Wang Hong-Yu, Tatsuo Umeno, Koutarou Mizuma, et al. Highly
conductive bridges between graphite spheres to improve the cycle
performance of a graphite anode in lithium-ion batteries. Journal
of Power Sources, 2008, 175(1): 886-890.
[10] Zaghib K, Song X, Guerfia A, et al. Effect of particle morphology
on lithium intercalation rates in natural graphite. Journal of Power
Sources, 2003, 124(1): 505-512.
[11] Buga H, Dietrich G, Michael H, et al. High rate capacity of graph-
ite negative electrodes for lithium-ion batteries. Journal of the
Electrochemical Society, 2005, 152(2): A474-A481.
[12] Mark W Verbrugge, Brian J Koch. Electrochemistry of intercala-
tion materials: charge-transfer reaction and intercalate diffusion in
porous electrodes. Journal of the Electrochemical Society, 1999,

146(3):833-839.



