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Abstract : Various compositions of iron oxide based materials as a cathode of lithium secondary battery have
been fabricated and tested with electrochemical method. A layered form of,LifOsynthesized by mixing

and heating the initial materials of Fe@H,O, LiOH and NaOH at low temperature. The effect of changing

the precursors composition was investigated. As a result, when increasing the additive amount of NaOH, the
capacity of the electrode is decreased but the performance and declining rate of capacity became smaller.
LiFeO, synthesized with the weight ratio of NaOH/FgODH, 2/1/7 showed the largest capacity, but the dis-
charging efficiency was sharply decreased after 30 cycles. Charge-discharge tests of lithium cells with LiFeO
cathode having the layer structure were performed. This cell showed the reversibility in the range of 1.5-4.5V
of cell voltage. By using CPR method, chemical diffusion coefficients were measured in 1 MEGHRFEC
solution. The value of chemical diffusion coefficient decreased with increasing the lithium content x, in
0.5< x<1, and it was around Tcnd/s.

Key words : Iron oxide, Lithium iron oxide, Chemical diffusion coefficient, Discharging capacity

1L.M B w4 ABEE 5o E AMSE dF o A sidEe] 3

B3l Qo e Y o]E8%%] 372 mAhg(LIGT 1)

Lithium oJ3HA= oF 302 d HRE I77F Alg=|gl ot o] vla} 140~270 mAh/GEX Htidog wtom, w3l daj
I 18 52 9 T A 50 digh B el 5 9] 7ERe 11 o]& &0 50%8% Welle &8a1A] Xslar
o] A sAS flsle AT B A7t K= k. 2 A= Aot oo wet 71Ao] B} AHétal o|E28s T
ol L, vlar 5o IF 7IelA Li-AlV 206, Li-Nb,Os/ S A8 F e Y= AR tiF A Bol FEEAL ¢
V,0574], Li-AI/MnO »-LIiOH(CMDO)A], Li-C/LixCoO,A 9] PO Z Lithium oJxX]e] = BEZZE 2ol= A8
o] Zt5ojor & Wg F7L JuAEE, 17tel L, e

] 71iHole] Rsjelol i) ket 7o) ARs Al

g 4

[*3

TE-mail: jbju@wow.hongik.ac.kr

139



140 J. Korean Electrochem. Soc., Vol. 4, No. 4, 2001

Ao FHal Fge| Edolojof shth= A S|t} dj=He
Z A7Isk Hol 74 A8E dEAEE F /KE FEE
SJ+=H LiCoO,, LiNiO,, LiMNn,0,5 Al 1MWHZE, Low-
Temperature(LT)-LiCo®, LiMnO,, LiM,Co0; 0,38,
LiM,Niy O, T-8A(M=Ni, Co, Fe, Mn, Cr..F #| 2+=
TESIL Ikt A 4] As F 53] nE&A= A WY
Agel vlste] B} Ado] Hal 7HAo] A-ah, A <ky
do] 9] wiiEel A 5o el FFo| Hal JA
olA71A] ol¥t} & ¥ Alble HarEar 91A] ittt

Al 1Y Li dolagsigtee) vlsl] 2472% LiCoo2) &
delar ®Hrp U B4 Ad LMMO &= 4 Alze] 714
Az, =AAY HEe <k AR, doping® 53} two-phase
reactiod® one-phase-reacti®n= WHAIZ 4= 311, AHTFe
2 3Po] e Hallde] A9 Fo] Wt dopinghs o]
9] £79 Yol uel 2o wislE Holmz ge Ay}
FEElojol & Higolrt, o]d we} o] ATPEES LIMMO,
Al gk 7ks: Bo] Fslar A= o]AL 7] Y]
et} T2 HolF<S dopinglt] %S skeied
F 23] glon} sk 0T AEHA tFojRR= E3laL
= AAolth LIMMO (M=Feydle] 7]&o] == 3=l
LiFeOd] A4 F2= 4kre] Hu 331 Sul9] 9XE gol
o] EtAlalA mEd PATEE a-LiFeOs}t dol2o] 734
o= W¥st vLiFeO, 59 ZA FEE 7IXa 3l o] &9
AGYE= Litolo] &S o5 & F e HRE AT
3 F7lole BFEet, b A A8sl dAlolw 1 g%
b FHORE, Lito]e] olFARE Wol FRY & e
LiCoO0] 129} AR 54 +28 2+ 243 LiFeod
gt A7V Y- FEI k. o] =l tigk x7)s)st
A uke EAS 78 Hue ol vulsle] HEsH akfe
ATEHNE =37 e AEAN, AR drEole o A
o] glEolxkHA] Aol HlFo] E ) 1 FsAe vk &
T Ak

=
st w3k Axg A5 AR <Y S B "
Eo] 77| 38y Sl ofsf 8RR 7Fsd W B4
S nESA glen, XA sl EXoR HEEdY 7x
£ A3H9JaL CPR(current pulse relaxatidg ©]-83k ¢
Fole] ghHATE A3

2. O|EX u{ig

2.1. LiMO, EElle] &= x|=

dRkHor 2 wE Al Aud o] #E Wk 4
sHEEo] oA AAE A% Y= EEE JduEa ok
B A3ES ko LiIMO,(M=Co, Fe, Ni..)JEjEA
A R AkA o2 Az Qte] AWA| HXE FlEH ol &
& okolo] wdf| & oFil Y= NaCl e 725 AY
At 4 MO, 722 Elgele] wA7] 4 23 &
TZE AlFs.

Fa83% L& #F ol ¥E FEolt}. LIMO, SHEES
HES Igshe TR SRR JNE A5 A4S oF
o] 9kA WAgS W C/LIMO, FE|e] HA7} "L}, o] A9
PPslE Elire LIMO, H=olA ElE ol AASE 5
Fpgo] lojoksly Wik v #F ol 55oF Eof7t

R

A Fk. 50| FREAFYE A9 THHOE o]FoA =
rocking-chair#}% &ejo]c},

il
LiM02+ 6C =— mLi(l,x)M02+ LiXCB
)

el

o] ¢ ML Co, Ni, Fesolt}.

LIMO, 35E-& dutx oz 21§ 4883 HeE Holg<;
ABIES B2 25olA HEAIA FAEY. LiCoOx #F 8t
o]=. SA]Z(LIOH)9} FHE 7[HUo|ES vM| BU= &3t
sl F7] oA 850CE 7FEsle] §AlslaL LiNIO= LiO
2} NiOZ 85C°CE annealingt] ¢+th? ojd M gF o)
20] B0z ARE ARE] Wil Hgke] M FHHom
specific 8337 LiIMO, A=2] #7348k 5ol & JeS =
o}, wEpA FEEE IS oY) YElirte i Agsla Al
gk A 2219 Ao Flol|A] o]Foizjol g} AA| d=e] A
L& LiIMO, =) 713 Z&A| (binderg E&ste] A
G2 EFlE)el 9502 4 AzEch

2.2. LiFeO, =

2.2.1. A23slE

Fe'gdo] OHE 715k ¢l Ao f=alslaEg Ha )
- @Al B7100 ofsf AslEe] Ao T A (I E €
t}. Fe(OH)= Mg(OH), 7-28] ikl ol ot
S wa ok FE Fi} vFIRAE Fe(OHps =g 25k
NaOH gdlo] xom 1 galozre Jal A4 NafFe'
(OH)eJ7} A3%1}.

Am-gYe] oOHE rlehd BE 42381 Aozt ==
Ay mofe] HA EAR Hr) o)A oy 7X9] FeR
At 71 F2] shh= FeOOR |1l lepidocrocitedEol )
3lal A3 () S T200A ZEREIsle] T 4= St} 200C
oA 7dsld Ao 7l 418lER] a-FeOy A=Al 1
Z2 hematite FE] EAISICE o7 IHYE F=2oln Ovf
hepll8S slar lom gaA] Fof H4el Fevt o7 At
He| dslEe v A IjhEe] o] SdEdE AR

2.22. LiIFeQA=9] d¥kd 44

LiFeO, -2 LiCoOs} LiNiO, #=3 Hlmsle] 7H2o] A
Halar Ao gitke HellM 2l olxAY] d=edE F
e 7L ok EA7IAE Li,CORt a-FeQE 400Col4
900°C Atelella] 17 Whgel 2J3le] a-, B-, y3<] LiFeO, &
Aatgont A9l gl 7ol o FelAA] Esieirh.
w2bq a-NaFeQHt a-9F y-FeOOHERE Na'/Li't} HYLi*9]
400°C oJ3lollA] o] w3 HH-S B3l LiFeOs A3
I Al=F BE QoA

o) LiOH - H,09} y-FeOOHE ¥ 3PS o83l Hh
SAIA LIMNO2} 727} HIS=3t LiFeOE S 747t
HuEton #E 3458 $308 ARSIl 0.5V~3.0 WA
719420 HE 4ol AEsi e 8§38 70-100 mAh/g7d
T2 AeR] grkd o] e AL NaOH] S8)|E=g o
719l Bl F FFYUCRE LIOHE sl weA1A A4 LiFeo;
E 3 AlES WilHe] AAEVE o oA A9
5oz AMgE] YEiMe Bt fdslor & o] Bt

2.3 Bl50I2e T4 Y



S=A78818A), A 48, Al 4%, 2001 141

5 TEHoEA e wo] FASE s T
st} EgolabdA] oA glgele] sIsEMHAITE 718t
34 "ol oJgle] =A3t= WHS current pulse relaxation

method(CPR), AC impedance method, potential step chro-
noamperometry, galvanostatic intermittent titration technique

(GITT) 5] €&EA St ojmgt WhHel o= kel
St Ficke] A 2428 AM83lal o7 7HA] AAIRDS 718k
143k 2Jo] 71Bo| Hu}. Ficke] 4L 2t Fo] Frwa
EHE L YA g Bo)xHA ] efrde Hx)e JREE gt
©1H E2A7A WA EA)E A J28 g, IFE &
212 2a1 WxEt A5 dlollAe] glERAgo] wddiAl | &
o] A AN glERAe] BAE vE] AR e A 9
3 BlEsRE A AR Yehlls Aol rlssinz 7188}
A ZAo] 7kssiAl =k o] el thE 20| FESN] A
NBZ Age] eFEAel oEstA] 2l GG = 3
22 JHo oAM= o]t WHE o83k A B3
g9 dolde F87Fs). weba S400 A gz e
FAATAE 9 ZA BARE Ao] "asitt o] F4& o
H ZERA disiye] 1 Fd9] HAe 7177t vl T8
st gl shuRA At oulE XA Hoh

o] T B Aol ARES WHE CPREA ©le v} ¢
o WA AS NFZ o)He] FE8] HEo] & w7l WA
S A5l gEe] AYdEe WS Aee WA, o=
A= Ao 2 AT EAE AR Zsith W
o] FAFIEAE VI A wene 2lEe] 4 EHe] o
oz AlEct o3| A AJL AIawel glEsEel
3] AAE s A ek F43] Aseitt. WF7F w4
HHel FFE 2B AR 4 UIREE gk Eovt
el BlE s A Aslelr 9l JX3] Aesit). o
A relaxationgS 2lEol29] BilAlR] AlEe] o83
CPR 9] 71B2e tlga} 2t} o] 2& A qre]o] HA
Aoz A3t glgoleo] Filo] Zo)g zZhe HUIRE &
2kl Borl= AL 7MHsI Ficke] Al 28=ls sdsk A
o ofall LofHt). wlepA AAEE 7918 7187 2 A5
o] A&3l= Afole o] 7ol AY 7Fsdt ARt HellAe
o] 22 ou|7} gict

c - Vy(dE/ dX)it 1
nFa/mD .t

olmj E(Vy= A A3k, AE(V)= AF Y2AE rlshy] du 9
25 713E Ao 2HE 9% A HAA}, Vy(emmolys A=
o] & A4, [dedyE 7H3E AY 2AXRFA] SHERY
ik 71271EE 24 & dE B9 LGl 2ol veh k=
Aol tigk 252 71), i(Aye A, 1(sfe AFdse] A&
AlIE, & Whgol| Hofshs ARk JlgEIEIE L= 01 73
= BF 1), F= FaradagsF, alenf)ys 71818t HSwA,
D(cnPisye 2laole] s3tekbAroltt. fox] st 7178
o] AYsh= 9 Welrde 1.kl thal AES PlosPd 24
FAE Qo] 1 7IeV|ENE 3RS DE U Ao) 7t
o=

B AU do, >, o2 fo, Y

T

3.4 H

31 A% 2 AHFK
A5 2 Asle] Azl AHgE Aleke)

o

1
S
2
)
i)
=2

Table 1. Reagents used for the preparation of electrode materials
and electrolytes

Reagent Assay Manufacturer
Lithium foil 99.9% Aldrich chemical
NaOH 99% Y2k ghat

LiOH 98% Janssen chemical
FeCk - 6H,0 97% Showa chemical
EC 99% Aldrich chemical
DMC 99% Aldrich chemical
LiPF6 99% Aldrich chemical
a-FeOOH 99% Aldrich chemical
Fe 95.9% Osaka] 8} 8}
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Fig. 1. X-ray diffraction patterns of five different samples.

(a) NaOH/FeCH/LIOH; 1/1/7 (b) NaOH/FeCl3/LiOH; 2/1/7

(c) NaOH/FeCF/LiOH; 3/1/7 (d) NaOH/FeCly/LiOH; 4/1/7

(e) NaOH/FeC}H/LiOH; 5/1/7

A : a-LiFeO,, B : layered LiFeO,, C : y-LiFeO,
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Fig. 2. Cyclic voltamogram of electrodes prepared by changing
NaOH weight ratio in 1 M LiPF4EC/DEC with sweep rate of
20 mV/s in the first cycle.
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Fig. 3. Cyclic voltamogram of electrodes prepared by changing
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20 mV/s in the 100th cycle.
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Fig. 5. Efficiency of LiFeO, electrodes prepared with various
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Fig. 6. Discharge capacity of LiFe@ electrodes prepared with
various compositions in 1 M LiPR; ED/DEC.
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