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Abstract : We have discussed on the deintercalation process of Li-EaGICs and Li-EGICs
synthesized under pressure and temperature by spontaneous oxidation reaction of those
compounds based on the results of X-ray diffraction, thermal analysis and electrical
specific resistivity analysis. According to the results of the X-ray analysis for the intercal-
ation process, we have found that the stage 1 for Li-EaGICs and Li-EGICs were not
completly formed, but their lower stages were formed mainly. And from this results of the
deintercalation process, we have found that the deintercalation process did not occur any
more after 4 weeks, and the Li-EGDICs have more residual lithium metals than Li-
EaGDICs between the graphite interlayers. According to the thermal decomposition analy-
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sis, Li-two compounds had included very hard exothermic reaction. And we have found that
these compounds did not occrurred deintercalation reaction above 400%C. According to the
results of the electrical specific resistivity measurements, Li-EGDICs have relatively lower
electrical specific resistivity than Li-EaGDICs, and Li-EaGDICs showed a formation of
the ideal curve. From these results, we can suggest that Li-EaGDICs have a better proper-
ties as an anode material of secondary battery than Li-EGICs

Key words :

Earth Graphite, Exfoliated Graphite, Intercalation Compounds, Lithum,

Deintercalation, X-ray Diffraction, Thermal Analysis, Exothermic reaction, Specific resis-

tivity.

LME

ZAT2E R st S5 ES AYAA A
AY AE-H2PNANGES 23} A9 FFo 4
3 B4 Ro gich! FFoRA o) F HEE
& A71A ] 2tgdl o8] FubAe] srdde] HA W
TS UMY F a9 ga2A 2H4-3c) o] o
oFFe| UL FAA AAE WEY FHol&E Wol
ggajok 3he] Wb A] vhA) o) STl QAL F
A @3 F4r9] AfFo] HAage kg Rk ol
LA B ES HExe) YAzt dxe x93
< A =76 ube} FAT-27} gfoFsA] velhde o]
Eoll me} 27balgHEe) HAlo] AA A o3t o]
A& 2] B-27r3 389 intercalation®} deinterca-
lation =gl o] 3te] drgsioiaict. zalv} A]F71=
@e A7t 2 8s o H A4, intercalation-deinter-
calation-® $13F A ¢ &4 A B st HH3 A
2¢ WeA Fata gt e gEEg B4 8
Al 7 7kl ¢8}e] intercalationA] 3 2w,
AA A1z Fot 37 & oA g BHikE
o] EA 5 el § F<50)2% deintercalationA]F ).

2 de A olE Aol aleiA] X-Al A
o)sled FEWo)E A Bgte o] & el BRI
o] A <IN P A7) H A thste] B3

24 H
2. 1LAR
B ool Ahgsl ZAE o) AR AFA A4
Jatslle  EAFE A (Earth  Graphite, AH¥9:

KYERIM)& AA 34 & A~ 43 A3t o

A EHNA BEEo] o AR 4o Aol X-
A 3" A= eyt

w3} 9 AF-od (Exfoliated graphite)& FiolA] A
ARl QlAMEd S ety - Belaql A A& AHA
A 450°C oY) XA FARA Foll UEZ A}
et ol A EAL Yo AEAT]E= A
3 o g A9 FR(X-A A HA])ek A
A 7P & A gt

2. 2. 1Y

2l §-8ts 2713882 (Li-Carbon Intercalation
Compounds, Li-CICs)9] §4-& 712 7P & A&
stedck S5l EY $REE 0wt% AEE #o] 2
el Li-CICsE& A3 @429 2=+
200~220C Atele] WA steed, ubgE 2
350~400kg / cm*®) 4 slell A 18~20A]7F F1t f7
Al 71 A wbg-A gk 27hEEEe] APY o B A
g 8-8° o)m| ANE | it

2. 3. & ¢18-2| deintercalation

Li-CICs9] &7 FelAle] ub-g-4-& dolrr] $13}
o o] g HES HAde 271 (50mesh)2 A T
Ech ol & AFES T4 Pt o} bt ub
$Ao] F7) wEel F7] FolA Aoz whgs}
v, o] o] uke% 2] F-84 deintercalation 3}§HE
(Li-Carbon Deintercalation Compounds, Li-
CDICs)& dA = A skl 5443tol o] g3ldrt. o]
o) 534 B gale] T2l vl Bolshye] A
2 g2 Jeda g} ol F FaEdel: i)
EAQE AAANEH F8% 84024 zHgsl gl

Analytical Science & Technology



Li-CICs®] Deintercalationsl] @& Txwole} |3, A713 QA A e BA (1) :

Li-EaGDICs#} Li-EGDICsoll #3}e

2.4 84 % 5%

dA¥-Ee Ed F23l3HE¢] deintercalations] =
#4-L intercalation® & YRt B AU
gkl Fd&7be) 24 2] Fo] deintercalationA] o)
NoJA] o] & Li-CDICs®] Abefe} 7z w3g ooty
7] #1349 Debye-Scherrer 7}We}& o]&38led XA
A 44 ek o) W) X-4 ¥4 53L Rich.
Seifert & Co(ISO-DEBYEFLEX 3000) #j 2] X-
Ad A generator& AH4-8191.20, Cu Ka¥ A
(incident beam)2.2 &3}t A 7o) 0.3mmds)
EA el A BE A ¥ nUx 2 FAl8le] o] 53
Aol vex] YEE sqdr)h FuE AaE 45kV,
40mAl A 7~8A|1ZF ZA}Eld HAIE deen, o)

Table 1. The X-ray Analysis of Li-Earth Graphite

Intercalation Compounds.
(a) Pristine Earth Graphite.

45

(c) Li-Earth Graphite Deintercalation Compounds

after a week.

d(A) (hkl) Intensity
3.3452 002 Vs
2.5655 G M
2.1265 100 M
1.6819 004 S
1.5019 103 M
1.2312 110 S
1.1581 112 w

(b) Li-Earth Graphite Intercalatio

n Compounds.

dtA) (hkl) Intensity
9.9221 6s 002 VAN
4.4479 4s 003 W
3.8819 6s 005 w
3.6988 1s 001 S
3.5194 2s 002 V.S
3.3601 G 002 S
3.1768 6s 007 w
2.5641 G w
1.9962 6s 0010 ]
1.8616 6s 0011 V.w
1.3247 1s 002 V.W
1.7627 2s 004 V.w
1.4985 G 103 V.W
1.2368 G 110 D.wW

d(A) (hkl) Intensity
4.3742 48 003 M
3.8954 6s 005 w
3.5126 28 002 w
3.3613 G 002 V.S
2.7523 48 005 S
2.5612 G w
2.5089 5s 007 w
21277 G 100 M
2.0299 6s 0010 M
1.7713 28 004 w
1.6789 G 004 w
1.6463 G 103 VW
1.4933 G 103 w
1.2302 G 110 M

(d) Li-Earth Graphite Deintercalation Compounds

after 2 weeks.

d(A) (hkl) Intensity
4.3614 4s 003 M
3.0330 78 008 Vs
2.7589 45 005 S
2.5140 5s 007 M
2.1236 G 100 w
2.0321 6s 0010 D.VW
1.7772 2s 004 M
1.6846 7s 0014 w
1.6452 G 004 w
1.4929 G 103 w
1.2321 G 110 w

(e) Li-Earth Graphite Deintercalation Compounds

after 3 weeks.
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d(A) (hkl) Intensity
4.0279 7s 006 M
3.3589 G 002 V.S
2.7490 4s 005 S
2.6616 7s 009 M
2.5099 58 007 M
2.1278 G 100 V.W
1.7744 2s 004 w
1.6782 7s 0014 w
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1.6466 G 004 w 1.2294 110 M
1.4954 G 103 w L1553 112 M
1.2318 G 110 W

(b) Li-Exfoliated Graphite Intercalation Com-
(f) Li-Earth Graphite Deintercalation Compounds pounds.
after 4 weeks.

d(A) (h&l) Intensity
4.1660 6s 005 M
3.3666 G 002 V.S
2.9706 7s (008 M
2.8195 5s 006 M
2.6727 7s 009 S
2.4368 7s 0010 S
1.7467 3s 006 w
1.6796 7s 0014 w
1.2313 G 110 M

after 4 weeks.

(g) Li-Earth Graphite Deintercalation Compounds

d(A) (hkl) Intensity
4,9239 bs 004 DW
4.4216 55 004 VW
3.87%4 7s 006 V.W
3.3619 G 002 V.S
3.1735 7s 008 VW
2.4857 58 007 M
2.1389 G 100 S
2.0367 G 101 S
1.8233 1s 002 w
1.6932 G 004 w
1.4333 55 0012 w
1.2331 G 110 S

(c) Li-Exfoliated Graphite Deintercalation Com-

d(A) (hki) Intensity pounds after a week.
41525 6s 005 M
3.3666 G 002 VS d(A) (h&i) Intensity
2.9752 7s 008 M 4.3540 5s 004 S
2.8184 5s 006 M 3.3533 G 002 S
2.6727 7s 009 S 2.7564 4s 005 V.S
2.4368 7s 0010 S 2.5509 6s 008 S
1.7471 3s 006 W 1.8553 6s 0011 M
1.6811 7s 0014 W 1.7719 2s 004 S
1.2307 G 110 M 1.6424 G 004 S

* 1s :stage 1, 2s : stage 2, 3s : stage 3 122;); 2: 80012 LS/I

4s : stage 4, 5s : stage 5, 6s : stage 6, 7s : stage 7, )

G : graphite
** VS : Very Strong, S : Strong, M : Middle
W : Weak, V.W :Very Weak, D.W : Diffused

(d) Li-Exfoliated Graphite Deintercalation Com-
pounds after 2 weeks.
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Weak. d(A) (hkl) Intensity
[ 4
Tuble 2. The X-ray Analysis of Li-Exfoliated Graph- 4.3540 ‘fs 004 M
. . 4.1718 6s 005 w
ite Intercalation Compounds. )
s . . 3.3533 G 002 Vs
(a) Pristine Exfoliated Graphite.
2.9752 78 008 M
d(A) (hkl) Intensity 27477 4s 005 5
2.6786 3s 004 M
3.3529 002 V.S 2.5119 6s 008 M
21339 100 VW 2.4208 5¢ 007 M
2.0341 101 W 2.1329 G 100 w
1.6806 004 8 2.0341 G 101 M
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Li-EaGDICs#} Li-EGDICsol| #3}o] 47
1.7742 2s 004 M 3.3707 G 002 V.S
1.7468 3s 006 w 2.9636 7s 008 M
1.6786 G 004 M 2.9322 6s 007 w
1.6440 7s 009 M 2.8207 58 006 M
1.4934 3s 007 M 2.7465 4s 005 w
1.2310 G 110 M 2.6654 3s 004 S
1.1617 G 112 M 2.4295 5s 007 s
(e) Li-Exfoliated Graphite Deintercalation Com- 17462 3 006 M
ounds after 3 week L2377 G 110 M
P s 11572 G 112 w
d(A) (hkD) Intensity * 1s :stage 1, 2s : stage 2, 3s : stage 3
43540 55 004 VW 4s : stage 4, 55 : stage D, 6s : stage 6, 7s : stage 7,
41526 Bs 005 M - G :graphite
3.3505 G 002 VS ** V.S Very Strong, S : Strong, M : Middle
29670 78 008 M W : Weak, V.W:Very Weak, D.W : Diffused
2.9346 6 007 V.W Weak.
2.8207 5 006 M
27477 45 005 w A 54 98¢ 14 9E 208 Fa Aely
;62952 3s 004 S t}. Li-CDICs®] 7% intercalationA]ol] 27 Aie] w)
4295 58 007 S
- u} =y o ol&lz] ¢}y F-o| Debye-
L7464 36 006 M 22 i @Eo] folax] Ar] wEel eyf
1.2382 G 110 M Scherrer®]-& ARg-3led A st ct X-41 20 £
11573 G 112 W = Table 134 Table 20 7} vrehyigic).

(f) Li-Exfoliated Graphite Deintercalation Com-
pounds after 4 weeks.

d(A) (REl) Intensity
4.3540 5s 004 V.W
4.1564 6s 005 M
3.3620 G 002 V.S
29674 78 008 M
2.9341 6s 007 W
2.8199 5s (06 M
2.7465 4s 005 A\
2.6666 3s 004 S
2.4304 55 07 S
1.7462 3s 006 M
1.2313 G 110 M
1.1573 G 112 W
(g) Li-Esfoliated Graphite Deintercalation Com-
pounds after 5 weeks.

d(A) (h&l) Intensity
4.3572 5s 004 VW
4.1554 6s 005 M
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Fig. 1. Structure of Graphites
(a) Hexagonal
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Fig. 2. The schematic diagram of Lithium-Graphite
Deintercalation Compound model.
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Fig. 3. Thermal analysis of Li-EaGIC by DSC.
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Fig. 4. Thermal analysis of Li-EGIC by DSC.
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Thble 3. The Calculated Enthalpy Values with Thermal Analysis.

Li-EaGIC Li-EGIC
Tempreature Range( ) Enthalpy(d/g) Tempreature Range(C) Enthalpy(J/g)

147.0~2408 —88.98 170.8~3684 20664
240,8~368.6 130.80 36844179 558

gl ' 417.9~492.1 7479
368.6~560.8 -391.05 672.7~7473 8.285

Thousands
80

80

401

30

Specific resistivity(k » 2 + cm)

‘ A " L .
Li—%wlCl 1 2 8 4 & 8{Weok)

Dintercalation time
Fig. 5. Specific resistivity of Li-EaGIC and Li-
EaGDICs.
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Fig. 6. Specific resistivity of Li-EGIC and Li-
EGDICs.
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