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Preparation of Expanded Graphite using Perchloric Acid and
It’s Application as Anode Materials for High Power Li-ion
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Abstract : Expanded graphites were used as anode materials of high power Li-ion
secondary battery. The expanded graphite was prepared by mixing the graphite with HCIO,
as a intercalation agents and KMnO, as a oxidizing agents. The physical and electrochemical
properties of prepared expanded graphites through the variation of process variables such as
contents of intercalation agent and oxidizing agent, and heat treatment temperature were
analyzed for determination of optimal conditions as the anode of high power Li-ion secondary
battery. After examing the electrochemical properties of expanded graphites at the different
preparing conditions, the optimal conditions of expanded graphite were selected as 8 wt.% of
oxidizing agent, 400 g of intercalation agent for 20 g of natural graphite, and heat treatment
at 1000C. The sample showed the improved charge/discharge characteristics such as 432
mAh/g of initial reversible capacity, 88% of discharge rate capability at 10 C-rate, and 24
mAh/g of charge capacity at 10 C-rate. However, the expanded graphite had the problems of
potential plateaus like natural graphite and lower initial efficiency than the natural graphite.
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Fig. 2. Experimental procedures for
preparation of expanded graphites.
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Fig. 3. SEM image of various expanded graphite 1. (a) Natural graphite,
(b) P100K8T1000, (¢) P150K8T1000, (d) P200K8T1000, (e) P300K8T1000
and (f) P400K8T1000.
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Table 1. Properties of natural graphite and various expanded graphites

Tab-testing . ,
Sample name specific volume [cr/g] True density [g/cr]
Natural graphite 1.36 2.26
Different P100KOT1000 6.8 0.600
oxidant P100K&T1000 8.3 0.690
(KMnO,) P100K10T1000 8.7 0.750
content P100K20T1000 8.7 0.770
Different P100K8T1000 8.3 0.680
agent P200K8T1000 70 0.930
(HCLO) P300K8T1000 70 0.801
content P400KST1000 70 0.770
P200K&T1200 72 0.660
Different P200K8T1000 70 0.960
heating
P200K&T800 70 0.877
temp.
P200K&T500 55 0.391
20000
180004
160004
150004
£ £ oo
6000
40004
3000
0 T - :I T 0
25 26 27 28
Angle( 2 Theta) Angle (2 Theta)

(a) (b)
Fig. 4. XRD patterns of expanded graphites with (a) different intercalation agent (HCIO,)
contents and (b) different heating temperature.
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3.2, MEHSH U WIHSHO| HM7|sstH 2M Fg 4 Jduh =3 =S ATt &3
AASAF H35A(P400KST1000) 2 A 37t A9 gl AAEA Hsle WHIZAL
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=4& Fig. 59 Yepdieh =4 a2 =z= & Avte o, A= F2A] Aol iAo
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22 sl Hriskch WA EH~E A g 7179 8%, W& (discharge  rate
ZoAd A WHA 02 C-rate ¥HE 0.2<1>C, capability) 2 %48 (charge capacity)°o] &
TYgt Crate?] 7 ®A WHS 02<2>CE A= AL B 7 vk BFSAL B3l 9
z71e9eH, ol whd e wet 1, 5 % 3 Wolxl FAF UFE o wmE gFEol9
10CE t2A #718arh. 2717198 “(initial A-EErth o) FoqAa, A4 SR A3
reversible capacity)< T+ WA ®7(0.2<2>C) 71 FE F7ME g EolLo] AY-gyrt 4o
o] &35 YeRATE 0.01~02 VolAi= stage U 854 49 7t &% ARS Aoz 3
Azl wWE ggol ZFA T Ad/gdH dEty HAxHAezE AAdE AHIZA A=
HEebd ¢ (potential plateaw)7} A7l A (P400K8T1000), =, A A2l <Fo] 400 g, AF3
& Utk Al g 8wt B EAESREE 1000CY
AAEAY WUd BH=E 34 g2} v Z717F &% 432 mAb/g, 10 CollA 9] WA=
sto] & oo, WASAY d 2R Hdd HE54 8% 2 ALY 10 Col 24 mAh/g=
SAF o] Febd g Fdo] EAEA T, o] % el HdAdSde e €535 FFEU
TZHEF 0.2 V o] ) FH d 4 71&717) Table 30 AdAe] e 200 g, AstA &
AUAed SEHOR Y& AFS K S 8%wtE 1A E o, @A L4 uE
ATE o] AL HEHHS FirelA FEolE0] Z0d "H2E A3dE YEdglt 800~100
wA Uzk 3 H{3E glEoleo ¥es & 0C WHedAME A8 =2=7F 71l wet

164 124

0.6

Potentail(V vs Li/Li*)
Potential(V vs Li/Li*)

0.0+

0.04
T T T T

0 100 200 300 400 0 200 400
Specific Capacity(mAh/g) Specific Capacity(mAh/g)

(a) (b)
Fig. 5. Discharge test curve of (a) Natural graphite and (b) expanded graphite.




Table 2. Charge/discharge characteristics of natural graphite and expanded graphite with

different intercalation agent contents

CB e S e

Imtla'ﬂ Initial Discharge rate Charge

Sample reversible officienc capability (%) capacity

D capacity (%) Y [mAh/g]
[mAh/g] ? 1C 5C 10C 5C 10C
Natural 320 65 99 93 75 19 11

graphites

P100K8T1000 386 56 98 86 78 37 20
P150K8T1000 392 47 96 84 72 28 17
P200K8T1000 391 56 97 89 84 53 24
P300K8T1000 426 57 97 90 84 34 20
P400K8T1000 432 61 97 93 33 37 24

Table 3. Charge/discharge characteristics of natural graphite and expanded graphite with

different heating temperature

[y

Initi?lljl Initial Discharge rate capability Charge capacity
Sample FEVErSIDIE 1 efficiency (%) [mAh/g]
capacity (%)
[mAh/g] ° 1C 5C 10C 5C 10C
Natural 320 65 99 93 75 19 11
graphites
P200K8T800 373 63 98 87 75 35 22
P200K8T1000 391 56 97 89 84 37 20
P200K8T1200 398 55 96 88 77 35 14
WA FH 5o & HJou, & SAdE Azt WASA Ax Al YA
Ag =7 1200C2 F7HE A 288 Wd=E T, ASlAY wE, dAgeE WHIE FU
HEAdo] "olHrt oA Hrg EHE 2% 3, Az BAESAde EHH2E 9 gFol
= AYAT EE W, S S Fxo 4 AA FFAZ A&t H7|seA HEEE
9 crack & Z#3ste] FEol= A g T3t o e AHE I
As W7l He 7FREA wE =Y 5 (1) SEM image #ZoA qFEAL dAS
do]l "ol e AoE Aot Ao w3l c-axis WIFoR Hdl 50 vl F
5§39 @7go] o]Fo] M AS AT F AN
4% 2 AUEE =43 A3 PAE
4. 42 E W 5A 20 g AFAL o] 200 g7HA]
w48 Sk, 1 % 400 g 7HAlE 9A
&8 fEoledx SIAE ALLs] 9 e Btk a3y AEAId By E
sto] AYAZ FFRA AbSAR B o wEAME WHAELS Z WHIE Hox
5L AASAY 32 2AHS A BF eof, AAS A WA AsiAY Fe &

_92_



Vol. 28, No. 1 (2011)

s A e ZloE #wEFE S Atk
XRD #A4olAE AASdS 1579 26°9 20
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