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2 : 24% oA HAAZ 245l Li-GICs(Lithium-Graphite Intercalation
Compounds)& &% 7IIel lste] Lisl §43el w2} Rasisich o8 YAH e
X-d 344, UV/VIS ¥3ehs ¥4 9 CHN $44& ol £5j0] yEe) 542 Yo} 1
skth. X4 514 £4 Aol g8hw 2§ Ghel F7HI we} R stagert FAH AL
i}, 015 BR8] EAW stage® 71T AULE T 5 AR Ligwn®) 35 A9 2 2 stage
18] F27b eb AT 5 stage 19] BB & 37} AN ch stage 19] HeHFo] AHAE
don gt 9F 3.70A & vieb i slc). Eahabral B Ao of3hd 2zt S Tl oY
2| 2HME8-& e EL o] B FA L2 FE Ruminoll 34 3he) 3jAdo] el §hapo] Frlgtel
aje} F2 AR FHd M HAEUES & 5 ek o2 A T staged] HAE e
231 g}, § AR 7)o 93t AHE o} £5bed Li-GICse] 3hetA Q) FAI s fadste] £4l A
HE & 4 glgloed, 4 Jishie g o Aok o1E BREFE Linwe: -GICSH
Lizw -GICE A4 22 AR 2] FF o249 o] & 7154A& M A st F3 glct.

Abstract : Li-GICs as a high performance energy storager were synthesized as a function
of the Li content by the admixture and add-pressure method. The characteristics of these
prepared compounds have been determined from the studies by X-ray diffraction, UV /VIS
spectrometry and CHN analysis.

It follows from the results of X-ray diffraction that the lower-stage intercalation
compounds are formed as the Li contents increase, however the mixed stages in these
compounds are also observed. In the case of the Lijywts the compound with the structure of
stage 1 has been predominently, but the structure of only stage 1 is not obtained. The don
value of stage 1 was determined to be ca. 3.70A. An analysis of spectrometric data shows
that each of the compounds gives distingushible energy state spectra. It is seen from the
spectra that the positions of Rmin values, with increase in the Li contents, are shifted in
the region of higher energy state. Such a result can be attributed to the formation of stable
stages.

The results of CHN analysis allow us to find the mixing state related to chemical
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compositions of the intercalated compounds and the superiority to admixture and
add-pressure method. From the results determined, it reveals that Liipwte, - GIC and Lisowts -
GIC can be utilized for an anode of rechargable battery.

Key words : Graphite intercalation compounds, Lithium, Stage, Energy state, Admixture

and add-pressure method.

1.M 2

I el A 324 % batteryl 2l F-5<
37k B3HE o) 4 sheAde] A=l k' @ F 2
2 A MR o}F ¥ e d F e,

S8 A BEE AR ek mdh o] EE AU A
A2 ALY 2hE 2= g $lell Foeliglo] flo]
AEEHE e Ao A, g RE 5
A& 7Hd Zlom Aakdo B ol HA 279
sfetAal el g9 Bl 37 e TR F
Aol s EA 2 AR AR 2] o] gop
v HAE 71 U Aew APt ok ¥
ATl 2F-Fd 22328 A3k, o) e
stebA el 54§ Histe] B o] Fo] A Aol o] &€
afofl A g A skt ek 24 g 23 Ao o]
45+ dE-5d 7 522 el oA
A Az e a5ty oy Wi 8% a4
24 st ukg #4171 58 & o sloh w2 xt

FHIE AFe o] Fe] FgonA 2§ Fhulel=
7b FAse] A fFemA] AHaHEL st 9l
o} o] 5 #hEo] ¥ 2AE Y] TA BB E
o o) & &H3HE-o] 23} A #]9] oFF(anode) 224 2] 5}
3} dapdal BAE AAY = ok Y e
el FdF Abeldl HFo] Aislol e R
EA8L7] Aol Fdo) F& Wo|rh vhehdr) ol
o] ghetziel PAL Li,CooR o Asw, 2 4sisl
21§ 2] ofoll ahet xgho] W EhEHA =vd, o] 52 A7 9l
el A de v|A AoR AHc N2
& e 2i3te] §AR o] E sEe W # %ﬂ
el % veplin, o] 58 THEIVE /T %
ol 4 o] 5o} &l XAl 3A-EH( DebyeScherrer
q)ell o s Arre] 7hgsiet” R Axpaie]e] 217 o
W= Al UV/ VIS £33 71 e8] A zts]o] ¥
zhgl Al AR E o] B3t #gle] Fhgsict

B}3HEo) Bteby T2 AW stage YA F U=
= AAe ol 9 WAL, B3 F2Y 2
224 o]Fo] ZHAlE oAl Uxe) BAHY WAE
7hA 2 gl 7] wlEol Li-GICs®) F-&¥-4 5} oz A}
e o] Aol F2% W FE T2 A7shaa} gt

2. AlEuY
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B Ao A4y A BE FrE BAE HA X

& AH83le] Bl E -2 37 3YE(Li-GICs) & &
"“5}31‘:} o} weo} Hed E<d(Sangdin, Korea)° 0.
074~0.149mm Alo)2) A} Eod-g 33 Q] mpwjc
2 1x A sted Abgshdch AR Hd ol wba
ks B4 e 98.08(+1.51) %% viebgrh A
q] 42 F4 2§ (Strem Chemicals, Inc., U. S.
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Li-GICs<= 7het £33l ol &l A=At 54 %
o] Fodo] wbgAl7) A} B 5 2 FY =g 10,
20, 30, 40%4 747t WSAIA FA 2 gfuice)
Li-GICs& #A3tden, ol& A& z 2gEl
stage® Ao18}7] 1§ 2ol & sfr) A A9 &
T 200~220C AFole} ¥ 9lol A sl om, wkL-& QF
350~400kg / cm®e] k2 shell A 18~-20417F Fab §3
A7) A wk-g-Al FH T}

4 g} §o] intercalationA]ol] o] A
ol & Ll—GIC%«] /‘LF—HQ} Fx WEE ol R 7] 9]a}e]
Debye-Scherrer 7}ol2}E o] &3lod X-A 314 B
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Co(ISO-DEBYEFLEX 3000) ##-2] X4 24 gen-
eratorg& AH43131ev, Cu Ka® =AM (incident
beam)2o.® 23 st} A Aol 0.3mmde] B Fho)
AlRE H e IUE g 318l o] A Ae]
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< 8d 9§ F47E E3bod #4dsd) Li-GICs 2
73§ intercalationAlol] #AAdo] v|iwa g H=o|
fo)51x] ¢47] wjFoll Debye-Scherrert] & A}-§38}od
Yot XA 53 B A Toble 13+ Fig. 1of)
z4zt Ve siet

Li-GICs®] 2§ A7} ol x| el & dotir] #8}
o] -4t "kl A (Diffuse Reflactance Accessory)
£ ¥3X7] PU 8700 Series{UNICAM, P8710/ 01,
FALCAN-SCAN)®| UV/VIS #%7]§ 838t}

zyzbe] geFol A ol Li-GICst A3 cell 4o
Poj x| Hkalg(Reflactance(R, %))3-S Sx3lale
w, 2z $ie] 3 BaSO,S AH2-3te] baselining
£ 3] 7|71 & BB BAsle] Fqlvl o] wfe
Z23W 9= 1.37~4.96eV(wave length:900-250nm)
rpolol| A &2 sleiet.

CHN ¥-Aej] 21851 7171+ Yanaco CHN Corder
(Model MT-3, Japan)-& A}-4-3}5 .
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Atz ol g} shghEe] HA = oA Abeel 1
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Tuble 1. The Dependence of Colours on Li Content of
Li-GICs

Li_co[,{izﬁt(%) Colour of Li-GICs
10 Black -+ Blue
20 Black + Red + Yellow
30 Red + Yellow
40 Yellow

Tuble 2. The d values of X-ray Diffraction for synthesi-
zed Li-GICs with Liiwt.2

d(A) (hil) Intensity
7.1179 2s 001 M
3.8911 1s 001 w
3.5449 2s 002 V.S
2.3558 2s 003 M
2.1448 G 100 M
2.1174 3s 005 M
1.9494 4s 007 M
1.8262 6s 0011 w
1.7623 2s 004 S
1.2355 G 110 S
1.1758 2s 006 w
1.1661 G112 S

*V.S ! Very Strong, S : Strong
M : Middle, W : Weak
s ! Stage

*x

A Aol Q. webA o) & HgEoa] o] F 1 )
= FEH ol XA B EM o) 254 stage A
gfo] 7Hsith 2l F 3tedel o E 2l E-Ed 271 3y
=9 XAl 81" B4 A= Fig. 13 Table 2, 3, 4, 500
zhzb epliodet. ol B HAatol 93 Liwsd 714
Il g% Li-GICs®] 7%, stage 49} stage 62] 2
stage’ YA A F2 KulH el 34 AL stage 2
48 o 7 vk Lixwts® Ligwed 7412 3449
Li-GICs2] 79+ stage 20] 4] stage 12.2] Mol 1=
& AEd 5 Urh ol kel Aol o} F st
A vhebd &2 2G5 slok 22id ol F 3R
A= =L staged] IAHAL oFshA veld Zlog B
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Fig. 1. Development of (hkl) diffraction for Li-graphite intercalation compounds by Li contents.

*G : Graphite, 1s : stage 1, 25 . stage 2, 3s

Table 3. The d values of X-ray Diffraction for synthesi-

zed Li- GICs with Liz()w;_%

: stage 3...

Table 4. The d values of X-ray Diffraction for synthe-
sized Li-GICs with Liywt.c;

d(A) (hkl) Intensity d(A) (hkl) Intensity
7.1179 2s 001 V.W 3.7010 1s 001 V.S
3.7064 1s 001 V.8 3.5078 28 002 S
3.5180 2s 002 V.8 2.6589 3s 004 w
2.3449 2s 003 w 2.3384 2s 003 w
2.1713 G 100 M 2.1553 G 100 M
1.8596 1s 002 S 1.8614 1s 002 ]
1.8348 6s 0011 W 1.8421 6s 0011 M
1. 7586 2s 004 M 1.7606 2s 004 w
1.4141 2s 005 M 1.4131 2s 005 M
1.2528 4s 0011 M 1.2528 1s 003 M
1.2412 G 110 w 1.2326 G 110 W
1.1797 25 006 M 1.1799 2s (06 M
1.1679 G112 w

*V.S . Very Strong, S : Strong

*V.S : Very Strong, S : Strong
M : Middle, W : Weak

*%

s . Stage

o} o] & AL 2lF2 PFo] S7Il wh}l YA
Aleial o2 oA ARIel Lipweol ¢3ted gHAd5 5
HE2] ¥, stage 19] A Ale] Aufx 22 et

M : Middle, W : Weak
**s . Stage

t}, B! upol] o)abw Li-GICse) £5%) stage 19

23 225 WA ] @ton, Bilaud £ o)}
o] LiCp9} LiCyw7} 22 MA|E%ch o] & Aujel A
= B AT AAR AT stager} T L}

Journal of the Korean Society of Analytical Sciences



o) §-Fod 27 HYES) P4 % B4 319

" Table 5. The d values of X-ray Diffraction for synthe-
sized Li-GICs with Lispwt.s

d(A) (k1) Intensity
3.6988 1s 001 V.S
3.4717 25 002 w
2.1570 G 100 8
1.8456 1s 002 V.S
1.4048 28 005 M
1.2462 1s 003 M
1.2325 G 110 W
1.1808 28 006 M

*V.S : Very Strong, S . Strong
M : Middle, W : Weak
**s . Stage

el e, LiCyt obdtAd &} oF 4% olale]
LiCs®] Li-GICs7} A Ea%cis B s} gl
UV /VIS #3370} o1& Jubabg3} o] 2] Abe) o}
o] A& Fig. 20 vtehligdch. o} F @A A viebd
A#E B o Ly -GIC -9 XA 318 Aol 4
vehd5o0] 52 stages} 4t g 71#] stagee] &
A W ol 23 o] siutdlA vehd 2o g Akl
o}, zefvt o] At AL vhelg Sol & abal-g-o) F

SM{ " ' T
!
3 k Jod 1
& M'_.,.__.-. |
< oty
R ™ -
(&) i ~ (3\0
<, | B el
= n
5 8.8 T o
| =
L -~ oY -
© Nt
i
J"/
4 Liowr-GIC ="
. et e
19:9 L !
248 469 £68 nw 980
500 3.10 205 ev 137

Fig. 2. Evolution of UV / VIS reflectance spectra be-

tween 5.00~1.37eV for Li-GICs by Li contents
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Aglel 2 o] o)t FasA PYAHAS
&+ & ook Bt ol 2| §9) jepo] MRS E
29 3] & S Jehteny, XA 3yt
Al oF7ke) stager} EAE oA viebyie) o] 2 A
3} stage® AT 9lon, ¥ oulx] dAe) A
Ruingle] ¥ A= S-& viehl 2 sich 2l 5ol et
g Fubabg-2] HAgle] PAH oA GS-& Thble
6oll bl it Liswis, Liswtos, 18137 Ligwes2 <
7tgroll mhet o) E FA-& Fashd vieha g B
QEARE2] A A ZH(Rmin) G4 HEEH S4EHUALTE
T3AY 4 glch But obve} BubAt-g] HAfL &
2 | AZFLZ o] F3T USE ¢+ Ak a8l
o] gt Tuble 6N A) B 5= Sl ule} o) A5} Z7)s}
© AL BoliL qlch o] E ARE-L MAL Holg}
Fedo) glom, gt stage 10] WAE BgrEe A

$ FA3) 2§ AAE FI el osled 33HE
8 AR xJAE ehlA "ok o)E sz e
UV/VIS Fa#dtdeg @48 Jeha gz, o=
4 el M EAH F5 addo] Jepdrl o)
€ WA dHelA LiCs 21482 S. Basu® 53 M.
Zanini’ Fol o3} &= o1x) u} gic},

Tuble 6. The Formation of Rmin, E, and Amin for Li-
GICs by Li Contents

Li Cont.(%) 10 20 30 40
Rimin(%) 12.0 12.0 12.3 18.5
E(eV) 1.75 2.94 3.02 3.04

Amin{nm) 709.6 | 420.8 410.4 | 408.0

2l §-Ead 27 ggEe] Huzia AL A5
Bod 9] E—"i}% Aol WAR Helo] glr). o]B Ao 2
Alibstel & ol stage 19} %o LiCE FASE 2
Basel olrkt 21 Fe] ko) o} §H4 % Li-GICs
£ CHN £4715& ZFslo] £A519c) o] & Aol
E eh 5% AR gt Li-GICse] £ o
T olgd o, shatael A3} A BA S} et of
2ha shte] AlEE 33 $Aste] 2 dinicle] ethi
(C), F4(H), An(N) 2] g/ delon, olE 3
At XA A B AN eld stages) vids)] 2
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Tuble 7. The CHN Analysis of Li-Graphite Intercal-
ation Compounds by Li Contents

Li-Contents(%) | C(%) H(%) N(%)
10 90.67 1.10 0.93
20 86.56 1.34 2.81
30 73.92 0.63 2.20
40 65.29 0.08 0.24

Sr& ol A7VE ool HE stage Aol} F ol FoIHE
< & F Uk Thble 70 Jephd 32 HF3S A48}
oy, Aol vhehd ule} o] Gojzl wrAe 4
ol 227} A& AR v Fe] Mol ehhe) B
7t 22 FE5I AUARE o4 F ok B Al g
&9] ¥H-3F3t stage’t FRIER Lio) HHE *B
slgict webd XA 83 Zae} CHN $Mdaa
Al A 2o Al=® Li-GICse] A4l &7t
o] 9415 viell F3 9l Lijwee, -GIC2}: Lizowes,
-GICs= '#-& stage®] 3§HEo] Goix x|ut chgke] F
% 2l Fo] Fol F7bell EAEA] o dRte] PR
Exg ez qAgo) a2y A% stage?} vhe}
¢ o7les Rol olE SgEdi= 2l Fe]l &5 A
Az EAED U Aole, wq P F A
stage 848 e 3 gich & ggEe] ¥EAH LR
stage 1o} A E L% glov], stage 2 £ stage 30]
77t AR B35 g ot Ao ofF 2 g e
7152 stage 19} BgHErE 8 7&h=| gk A
o] ¢l galAl ol Fojx eI &F(cathode)ol| &5l
2] §o] FF o2 o] FY ‘th: F7ko| AlFx] o H o}
he) wbebA Ligwes, -GICEE Ligws, -GICE A5+
27 A A g AR Akl ol B
Ap71e) 217) ekl dFol A vl-FolxA & ol

4149 &

4% AUA A2 AL E LiCICsE &3
Zhrgel olshel Liel ghaakel et gAstsich o]
S P47 HPES XA Ay, UV/VIS B3y
P4 8 CHN A2 o] 8] Sxsiaielon,
ol Astell ofAste] & T 4L A
seae.

2G4l

L XA 33 B4 ZHalel o5 259 i)
Z71g “}E} w2 stager} gaAs %o, zHat
o} HFEEL EAH staged 7FA L 9YLo) b
elyte}. LlAOwt%"] A5 Al 22 stage 19] F
27} epyg AR uk 22d) stage 19 38 o2
7} slsieh
2. UV/VISe} E3eha|ql £4 A ospd 2tz
o] SFEEL T AR FAE Jelidcoh
olF T 2N E Ruin® HAglo] 2] §o &
o] Z7Htel e} F& oA Zol A AL
& o 7 ) ol2jt A A& stagee] 3
A el 32 9ok
3. CHN aEAHd og F4AAE o) 43l
Li-GICs?] #&<l +4& vehl ¢ 2§
& o 5 slddoh AHEE oF Asighell A vl ws)
u3ke o FUL EFEE L SHiHEel Y48
Aoz 7he ZlhHs) SR4E e 7 9
o}.
°o| 5 A2 HE Li-GICs §44] EAx} 24 2§
o FAY EEo 23 gE] YHL 4 F AL
gake] Alefo] whE stages] H A S Hdy 5 %l‘%‘l
2, 53] Liwwts, -GICS} Liwwes; -GIC] A%+ %
28] fF o2 e o] 715G A A Eke] Fa ‘il‘:}
upefa] ¥ A Aol ofo] ¢ g o] EghEe o
g 27153 Q) ATF g oA o)t
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