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. �

� ��öBº ÒÒ*æÚ ·� Òò�B ÒÒ-Æê Özbj B�~� *�Òò~ 
·� �Wö V� *Vz�' ß
Wj �V~�¶ ~&
. ÂB bî� FeCl3-6H2O, NaOH, LiOH¢ b�~� &Nb� &�~� [ç~ LiFeO2¢

�W~&b�, ÂB bî~ �Wj¢ :ÞÚ � 'Ëj �Ò~&
. � Ö" NaOH~ Î&ï� Ã&�>� *�~ Ï
ïf 6²~¾ ÎN 5 Ïï~ 6²Nf ·jöj r > ®î
. NaOH/FeCl3/LiOH~ 7ïj¢ 2/1/7� �W~� �
W~&j r &Ë � Ïïj �&b¾ ÎNf 30² B~ ê /Ï® 6²~&
. [ç~ LiFeO2 ·�j ÒÏ� ÒÒ
*æ~ ÏO* 
þj >¯� Ö" � ff 1.5 - 4.5 V~ º*öB &�'ªj r > ®î
. CPR O»j ÒÏ~�
1 M LiPF6/EC/DEC *�îöB {Öê>¢ G;~&
. {Öê>º 0.5� x�1öB ÒÒ~ · x& Ã&�ö V¢ 6
²~&b� � 8f 10-11cm2/sªj r > ®î
.

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 LiFeO2 was synthesized by mixing
and heating the initial materials of FeCl3½ 6H2O, 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.
LiFeO2 synthesized with the weight ratio of NaOH/FeCl3/LiOH, 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 LiFeO2

cathode having the layer structure were performed. This cell showed the reversibility in the range of 1.5-4.5 V
of cell voltage. By using CPR method, chemical diffusion coefficients were measured in 1 M LiPF6/EC/DEC
solution. The value of chemical diffusion coefficient decreased with increasing the lithium content x, in
0.5�x�1, and it was around 10-11 cm2/s.

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

1. B  �

Lithium �N*æº £ 30� j *¦V ��& �·>îb¾
·� ��W bî 5 Ï* � r�ö &� ®n;� *�î �
~ ^B �Öj *~� *Òê ôf ��& ê¯>� ®
. "
¾ö ¢�, �� �~ ¢¦ VëöB Li-Al/V 2O5ê, Li-Nb2O5/
V2O5ê, Li-Al/MnO2-LiOH(CMDO)ê, Li-C/LixCoO2ê �~

.³ Özbj ·�b� ÒÏ~º ÒÒ �N*æ& BB>Ú ç
Ïz>� ®
. ��¾ ·�f ��Ïï� 372 mAh/g(LiC6V&)
ö j� 140~270 mAh/gb�B ç&'b� Ôb�, 6� *Ò
~ VF�º � �� Ïï~ 50%;ê <öº �Ï~æ á~�
®º 
;�
. �ö V¢ &Ï� �
 &Z~� ��Ïïj z
× �Ï� > ®º ·� Òòö &� ��& ô� >¯>� ®

. ¢>'b� Lithium �N*æ~ ·� �bî� ��º Òò

� <ºÚ¢ � jº ��f �ö.æ&ê, �*{��, >w
� &�'�� *��ö &� n;~� &Ï� &Z~� ¶ö
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'b� ³¦� Z�� bî�Ú¢ �
º 6 ��
. &Û'b
� çV� *� .³ Özb ·�Òò¢ v &æ� �ª~�
®º� LiCoO2, LiNiO2, LiMn2O4¢ B 1^&�, Low-
Temperature(LT)-LiCoO2, LiMnO2, LiM xCo1-xO2�ÏÚ,
LiM xNi1-xO2 �ÏÚ(M=Ni, Co, Fe, Mn, Cr.....)¢ B 2̂ &�
�ª~� ®
.1,2) B 2̂ & Òò 7 ß® �ÏÚº B 1̂ &
Òòö j~� �
 �W� £� &Ï� '.~�, ��' n;
W� Ö>~V r^ö �" 
Ú ��~ .6� >� ®æò
jçræ �-
 � W� Òfº ��>� ®æ p
.
B 1̂ & Li *�.³z�bö j� Ö;��ê LiCoO2f ÿ
¢~� �
 ¾f bWj æò LiMM'O 2º ÖF Òò~ &Ï
.6, ê*Ò~ 'f · ÒÏ, dopingj Û~� two-phase
reactionj one-phase-reactionb� æz�Ò > ®�, ç&'b
� �W� �Ö� *�î~ F� �� 9b¾ doping~º *�
.³~ «~f ·ö V¢ ôf æz¢ ��æ� ôf ��&
>¯>Ú¢ � ¦ª�
. �ö V¢ �� ��&
f LiMM'O 2

êö &� BBj ô� ê¯~� ®º� �©f V�~ 1̂ &
;�ö
 
� *�.³j doping~� WËj Ëç~Jº� "
B Ï'� ®b¾ �^'b� ^&~² 
�Úææº á~� ®
º 
;�
. LiMM'O2(M'=Fe)ê~ V�� >º z�b�
LiFeO2~ Ö; ��º Ö²~ �& Ïê GV* *~¢ ·�N
� ®��~² V�� «O��~ α-LiFeO2f ·�N� ��'
b� V�� γ-LiFeO2 �~ Ö; ;�¢ &æ� ®
. � 
~
Ö;;�º Li+�N� Ïª� �ÿj � > ®º ã�¢ B�
� "Vöº ®Ïª~�, V¢B *Ò 
Ïz �ê�� � ��
& [çb�, Li+�N~ �ÿã�¢ ô� {�� > ®º
LiCoO2~ ��f FÒ� [ç ��¢ <º [ç; LiFeO2ö

&� �W��& ¢¦ >¯>� ®
. � *�ö &� *Vz�
' >w ßWj ��� ��º jç ��~� ;{~² Ëê~
��Ö"¢ .G~Vº Ú[æò, *Òræ ��>ÚN �� ê
~ ÒÒ�N*æ ãÖö jºÚ " r � &ËWf ®
� �
> ®
. 
� ��öBº ÂB bî~ �Wj æz~� &Ë WË� Ö
>� LiFeO2 *� �bîj �W~V *� >w ��j d�¶
~&
. 6� B�� *�j *~-** B~»" Ï, O* rÊ
Þ~ *V z�' G;»ö ~� 
Ï*æ�~ &ËW 5 ßW
j �V~�¶ ~&b�, XF ². ªCb� *�bî~ ��
¢ ÚÚ�~� CPR(current pulse relaxation)»j �Ï~� Ò
Ò�N~ {Öê>¢ G;~&
.

2. ��' Vã

2.1. LiMO2 ;�~ ·� Òò
¢>'b� [ç ÒÒ Özb" ÊbR ��~ ÒÒ �* Ö
zb
� �N *æ¢ *� ·� bî� F�>� ®
. [ç
ÒÒ Özbf ¢>'b� LiMO2(M=Co, Fe, Ni...) ;��B
«O &÷ Ö² �N Ï¶ n~ :�Ú *~¢ ÒÒ" *� .
³ ·�N� v& [j ��� ®º NaCl ;�~ ��¢ æî
� ®
. [ç MO2��º ÒÒ�N� �æV �Ú 2Nö î
��¢ B��
.
7º� 6f ÒÒ �N~ OÂ ËK�
. LiMO2 z�b
f
ÒÒj �/~º *�b� ÿ·~æ� �� *�" 3j ��
Ú j* O*®j r C/LiMO2 ;�~ *æ& B
. � *æ~
�Wz¢ *�Bº LiMO2 *�öB ÒÒ �Nj B�~º Ï
*";� ®Ú¢~� �^ ¾N ÒÒ �Nf r�b� 
Ú&

² B
. r�� ��*�¢ ãÖ~ &�'b� ��Úæº
rocking-chair "; ;��
.

           Ï*
LiMO 2 + 6C : mLi(1-x)MO2 + LixC6 
           O*

� ãÖ Mf Co, Ni, Fe ��
.
LiMO 2 z�bf ¢>'b� ÒÒ Özb" F�B *�.³
Özbj ¸f NêöB >w�B �WB
. LiCoO2º ÒÒ ~
�� KÒ��(LiOH)f zBÞ ��J�Þ¢ �^ ªö� b�
~� �V 7öB 850oC� &�~� �W~� LiNiO2º Li2O
f NiO¢ 850oC� annealing~� áº
.2) ÚÊ Mf ÒÒ �
N� 
Ú. ¶Ò¢ Næ~V r^ö "ï~ Mf Ö"'b�
specific Ïï" LiMO2 *�~ *Vz�' w�ö � 'Ëj &

. V¢B '�� �Wj ��V *�Bº 
Ö ;{~� ^&
� �' ��~ BÚ ~öB ��Ú^¢ �
. 
B ·�~ B
·f LiMO2 ªö" ��" ÖOB(binder)¢ b�~� ÷*Ú
("� r��ª)ö jªb� «& B�B
.

2.2. LiFeO2 *�

2.2.1. ÆÖzb
Fe2+Ï�ö OH−¢ &~� �f �ï~ >Özb� >� 

Ö £² �Vö ~� Öz>Ú '.ï~ &> ÖzÆ(III)� B

. Fe(OH)2º Mg(OH)2 ��~ >Özb" ?� £* ·ãW
j �� ®
. .³ Æ" îR&æ� Fe(OH)2º N§� ê�
NaOH Ï�ö �b� � Ï�b�¦V Îï Ö;~ Na4[FeII

(OH)6]& �Z
.
Æ(III)Ï�ö OH−¢ &~� �Û >Öz Æ(III)�¢ ¦�º
J¢� Î·~ '.ï bî� B
. �©f �� &æ~ ;��
�Ò�
. � 7~ ~¾º FeOOH�� lepidocrocite 7bö �Ò
~� "zÆ(III)j �NöB &>ª�~� ò
 > ®
. 200oC
öB &�~� '.ï~ &> Özb� α-Fe2O3& �W>� �
©f hematite 7bö �Ò�
. �©f z�� ���� O&
hcpV�j ~� ®b� 8�Ú ;~ *Ïö Fe3+& 
Ú& ®
.3)

Æ~ "zbf 
� Æ z�b~ �Wö ÂBbî� ÒÏB
.
2.2.2. LiFeO2*�~ ¢>' Wî
LiFeO2*�f LiCoO2f LiNiO2*�" jv~� &Ï� &
Z~� ëW� ì
º 6öB ÒÒ �N*æ~ ·�bî� Ë
6j &æ� ®
. *Òræº Li2CO3f α-FeO3¢ 400oCöB
900oC Ò�öB �ç >wö ~~� α-, β-, γ-ç~ LiFeO2 �
W~&b¾ Î"'� ÒÒ~ &�ã«� ��Úææ á~&
.
V¢B α-NaFeO2¾ α-f γ-FeOOH�¦V Na+/Li+¾ H+/Li+~

400oC �~öB �N v~ >wj Û~� LiFeO2¢ �W~J
� �êB : ®
.4,5)

�"ö LiOHÁH2Of γ-FeOOH¢ � >z»j �Ï~� >
w�B LiMnO2f ��& jÝ� LiFeO2¢ �W� ��Ö"&
��>îb� ÒÒ .³j r�b� ÒÏ~� 0.5 V~3.0 VöB
&�'� ÒÒ ã«ö W�~&b� Ïïf 70-100 mAh/g ;
ê� rJ^ ®
.6) 3&~ Æf N�Ú NaOHö Ï�>æ� �
Vö ÒÒ �/öb� LiOH¢ Î&~� >w�B ç7 LiFeO2

¢ �W~º î�Ú O»� B�>Vê ~&b¾ jç *æ~
*�b� ÒÏ~V *�Bº �
 BF�¢ � 6� ô
.

2.3. ÒÒ�N~ {Öê> G;»
�Ú ÚöB 

¦ ³ê �V¢ <º Wª� � ³ê �V
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¢ �ÿKb�B {Ö� r~ {Öê>¢ z�{Öê>¢� ö
�
. ÒÒ�N*æ 7öB ÒÒ�N~ z�{Öê>¢ *Vz
�' O»ö ~~� G;~º O»f current pulse relaxation
method(CPR), AC impedance method, potential step chro-
noamperometry, galvanostatic intermittent titration technique
(GITT) �� rJ^ ®
. ÚÆ� O»ö ®ÚBê {Öö &
� Fick~ B2»�j ÒÏ~� �� &æ ãê��j &;~�
�C� �� V�� B
. Fick~ �f {Ö «~ ³êæ>�
�*>� ®æò ÒÒ�N*æö &�Bº *æ~ B²� *{
(ÚÊ ÒÒ�Wræ O*(Ï*)� f~ ²�¢ �Ú, *~¢ ~
Òæ p� O~~� *� ÚöB~ ÒÒ�W� �¢~² B ê
~ f *{)" ÒÒ�W"~ &ê¢ �Ò �Ò� ¹º ©ö ~
� ÒÒ³ê¢ f **� ¾æÚº ©� &Ë~æ� *Vz�
' G;� &Ë~² B
. � r^ö 
� 2ç� ��~� f
B²� *{� ÒÒ�Wö ~�~æ p� ¢;~² >º ©"
?f '�ö ®ÚBº ��� O»j �Ï~º ©f ®&Ë~

(�ç'�öBº 'Ï&Ë). V¢B G;ö �B B²� *{
-�W�Fj "~ p² >Ò~º ©� jº~
. � �Ff Ú
Ê ÒÒ�Wö &�B~ � �F~ 7F~ VÞV& 
Ö 7º
� 2¢�V~ ~¾�B 

¦ ~�¢ &æ² B
. 
� 7 � ��öB ÒÏ� O»f CPR�B �º 
r" ?

. b& fj B²� �*ö Ïª® ï;� F rræ O~�
Î ê *�ö ÒÒ� ã«>º OË(·�~ ãÖº O*, r�
~ ãÖº Ï*OË)b� ;*~ ªÊ¢ ¢;�* &�
. O*
OË~ *~ªÊ¢ &� ãÖ �³ê~ ÒÒ� ·� ��ö ¢
�'b� ã«B
. ��� f *{f *���~ ÒÒ³êö
~� Ö;>æ� f *{f /Ï® &~�
. *~& nº� ·
� ��ö »'B ÒÒf Nf� ·� Ú¦� {Ö� 
Ú&
��~ ÒÒ³êº 
� &~~� **º ÂÂ® çß�
. �
� relaxation ";j ÒÒ�N~ {Öê>~ ÖÂö �Ï�
.
CPR »~ V��f 
r" ?
. � �f *� ��*ö ï�
'b� ÷'� ÒÒ�N� Z�~ ^�¢ <º *�Ú¦� {
Ö~� 
Ú&º ©j &;~� Fick~ B 2»�j �J� ©
ö ~� áÚê
. V¢B 
B�º F�� VÞV¢ <º *�
ö 'Ï~º ãÖöº � &;� Wã &Ë� �* <öBº
� �f ~�& ì
.

�r E(V)º f *{, ∆E(V)º *~ ªÊ¢ &~V *" ª
Ê¢ &� ©b�¦V t(s)ê~ f *{N, VM(cm3/mol)º *�
~ Ö Ú', (dE/dx)º B²� *{ �W(x)�F~ ÒÒ�W xö
&� VÞV(ÒÒ �W xº .¢ 
� LixC6f ?� ¾æ¾º
�ö &� ÒÒ~ B>), i(A)º *~, τ(s)º *~ªÊ~ �³
�*, nf >wö &�~º *¶~ B>(ÒÒ�V¢.�~~ ã
Öº �Û 1), Fº Faradayç>, a(cm2)º V~�' *��',
D(cm2/s)º ÒÒ�N~ z�{Öê>�
. *öB J«� &;
� Wã~º º* ÚöBº 1/ ö &� ∆E¢ Plot~� çF
&ê¢ áÚ � VÞV�¦V z�{Öê> D¢ áº ©� &
Ë~
.7)

3. 
  þ

3.1. �£ 5 
þË~
*� 5 *�î~ B�ö ÒÏ� �£~ «~ 5 *�îö

&� Ò�f Table 1ö ¾æ¾ ®
.
>ª 5 ®Bb~ 'Ëj B�~V *~� f B·f j�

&Ê& jòê Ûê BÚ Ë~ nöB >¯~&b�, Ûê BÚ
Ë~ nf P2O5¢ �Ï~� >ªj �&� *&b� ÒÒ �N
"~ >wW� 'f j�
 &Ê� jò Iî
. 2¢Ê� /R
¢ ÒÏ~� Ú &/B fj ò
� potentiostat(PAR 273)j
ÒÏ~� *Vz� ßWj G;~&
.

3.2. LiFeO2 ªö~ B�
*Òræ rJ^ ®º LiFeO2~ �W O»b�º Ï[" Ú
öB �N v~ >wj �Ï� �ç >w»" �"ö B�B
>Ï� ÚöB~ &N �W»� ®
. �ç >wj Û�Bº �
¢ç~ bîj �W~V Ú[�, >Ï� ÚöB~ �W»� �

 �¢çj �W~V FÒ� Ë6� ®Ú � ��öBº �
O»j j�~&
.

3.2.1. r¢Ò >Ï�öB~ �W
Æ~ �/öb�B AldrichÒ~ FeCl3Á6H2O¢ Ã~>ö Ï
��B ÒÏ~&
. Na�N �/ö 5 Fe(III)~ Ï�¢ *~�
NaOH¢, Li�N �/öb� LiOH¢ b�~� FeCl3Á6H2O¢
Ï��Î Ï�ö Î&~� v>~&
. NaOH¢ Iº �F�º
3&~ Æj Ï��Êº © �ö [ç LiFeO2¢ �W~V *�
B�
. ¯ α-FeOOH¢ �W� ê H+f Li+~ v~>wj Û
~� LiFeO2& �W>æ� NaOH~ '�� Î&º Fef >w
~� [çbî ;Wö '�� FeOOH¢ �W~º "º� ��
j ��~² B
.7,8) � ��öBº ÂBbî� NaOH/FeCl3/
LiOH~ 7ïj¢ 1/1/7, 2/1/7, 3/1/7, 4/1/7, 5/1/7� æz�Ê
� *�j B�~� �'~ *�B���j d�¶ ~&
.
çNöB � �* ÿn v>~� >wj jò�Î ê *V�
öB 230oC� 5�* &�~&
. &�j �Ú� 
NöB BB
® ï'� ê Ã~>� �� ® ^¿~� �>w~ bî
j
B�� ê ��VöB 80oC� ~�ÿn ��~� >ªj j*
® B�~&
.

3.3. *�~ B�
�W� ·� �bîf *¶ *êW� 'f bî�V r^ö
*¶ *êWj Ëç�ÊV *� ê*B� Kejen Blackj b�
~� �Vö r��ª ^¢ö ê��ÊV *� ÖOB�
PVdF(poly(vinylidene fluoride))¢ b�~� *�j B�~&
.
*� �bî" ê*Bf ÖOB~ jº 10 : 5 : 1� ~&
. �
VB ê*B~ ·j ô� � ãÖöº *�~ WËf Ëç>¾

B *æ~ B·ö ®ÚB jÏ� ô� 
V r^ö F > ®
º � '² Iº ©� jº~� ÖOBº ô� Ij ãÖ *�

∆E
VM dE dx⁄( )iτ

nFa πD
----------------------------------- 1

t
-----=

t

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

Reagent Assay Manufacturer
Lithium foil 99.9% Aldrich chemical
NaOH 99% {Ö z�
LiOH 98% Janssen chemical
FeCl3 ½ 6H2O 97% Showa chemical
EC 99% Aldrich chemical
DMC 99% Aldrich chemical
LiPF6 99% Aldrich chemical
α-FeOOH 99% Aldrich chemical
Fe 95.9% Osaka �z�
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~ B·f Ï�~¾ *�~ ¦b& 
^ Ïïj 6²�Êº Ö
"¢ B��ÊV r^ö &Ë� '² Iº ©� :²ç~
. 
b�� êö ÖOB¢ �¢ > ®º Ï
� j^Êj '�ï
b�~� 5000 rpm~ �³b� b�~� &
. �r b� bî

� �� D¢ > ®ê� ¾ b�~� "Ú¢ �
. b�b�
Ò�Ò ç�& >îj r r��ª ^¢ö �¢~² ê�~�
��� ê 7 ton~ {Kj &~� 200oC� &�~� {
~²
ÖO�Î ê >ªj j*® B�~V *� 80oC� ~� ÿn
ê��� �V
. ��� *�j j�
 &Ê& jòê ��Ë
~ nöB jº� *� �V(0.5 cm2)� .�~� ¢*�b� Ò
Ï~&
. 

3.4. ÏÁO* 
þ
;*~¢ ·" r~ OËb� BÚ� > ®º potentiostat

170j �Ï~� ÏÁO* 
þj ê¯~&
. *æº LiFeO2 ·
�" ÒÒ .³ r�~ 2*�b� B·~&b� ªÒïf
polypropylenej ÒÏ~&
. *~º ÏO* Îv 10 mA/gb�
~&� 1.5 Vræ O*~� 4.5 Vræ Ï*~&
.

3.5. {Öê>~ G;
3.5.1. dE/t-1/2~ G;
¢*�j LiFeO2, ��*�" V&*�b� ÒÒ .³j Ò
Ï� â*� fj �W~&
. 10 mA/cm2~ *~� 10.* ¢
;~² Fæ� ê *~¢ n¾
. 40.öB 140. Ò�~ dE
vs t-1/2¢ �¾*� �Ö ê çF~ VÞV¢ �~&
.

3.5.2. dE vs X in LixFeO2

fj B·~� **& j*® ï;� Fæ>� ;*~(10 mA/
cm2)� ¢;�*(10.) &�"� B*'b� �³ê~ ÒÒ�
·� ��ö ã«>² B
. ��� f *{f /Ï® &~>î

& ÒÒ� Ú¦� {Ö� 
Ú&�B **º 
� çß~²
B
. z �ç ** æz& �Væ pj rræ V
^
& *
*¢ G;�
. ��� O»b� LixFeO2~ ' x�Wö &~�
B²� **¢ G;�
.

4. Ö" 5 �V

4.1. X-F ².
Fig. 1f NaOH/FeCl3/LiOH~ 7ïj¢ 1/1/7, 2/1/7, 3/1/7,

4/1/7, 5/1/7� æz�B"�B �W� LiFeO2*�
~ X-F ²
.(X-ray diffraction XRD) Ö"�
. .V >wb NaOHº Æ
(III)�N" >w~� α-FeOOH¢ ;W~� LiOHf >w~�
LiFeO2¢ �W�
. 7ïj 1/1/7� �W� *�~ Ö"¢ " r
[ç��¢ ¾æÚº 2θ 8� 18" 41¢ r b�& ¾æ¾æ
p~
. NaOH~ ·� 'Úæ� γ-LiFeO2& �W>� γ-LiFeO2

º *Vz�'b� j�W�V r^� ©b� �'B
.12) 7
ïj 2/1/7�çöBº [ç Òòªj ~�~º b�& �&b
¾ �ïj& Ã&�ö V¢ *Vz�'b� j�W� α-LiFeO2

~ �W� Ã&�j " > ®
.

4.2. ÒÒÆÖzb *�~ *~-** B~ �F
*~-** B~ G;»f B²� **(open circuit voltage,

OCV) ¯ ï; **¢ �· **� ~� ·~ OËb� 20 mV/
s~ ³ê� "Ò¢ ê¯~� switch **� 4.5 VöB r~ O
Ëb� ê¯j :ÞÚ �«** 1.5 Vræ "Ò~� >¯~&

. '' 
� �Wj ÒÏ~� B�� *�
ö &~� 100²
~ �³ B~ 
þj ~� *�~ *Vz�' Öz ~ö >w
~ ßWæz¢ &V~&
. NaOH/FeCl3/LiOH~ 7ïj¢ 1/1/
7, 2/1/7, 3/1/7, 4/1/7, 5/1/7� æz�B&� �W� *�Òò¢
�Ï~� B�� 
U B~ *�
ö &~� *~-** B~�
Fj áj > ®î
.

Fig. 1. X-ray diffraction patterns of five different samples.
(a) NaOH/FeCl3/LiOH; 1/1/7 (b) NaOH/FeCl3/LiOH; 2/1/7
(c) NaOH/FeCl3/LiOH; 3/1/7 (d) NaOH/FeCl3/LiOH; 4/1/7
(e) NaOH/FeCl3/LiOH; 5/1/7 
A : α-LiFeO2, B : layered LiFeO2 , C : γ-LiFeO2

Fig. 2. Cyclic voltamogram of electrodes prepared by changing
NaOH weight ratio in 1 M LiPF 6/EC/DEC with sweep rate of
20 mV/s in the first cycle. 

Fig. 3. Cyclic voltamogram of electrodes prepared by changing
NaOH weight ratio in 1 M LiPF 6/EC/DEC with sweep rate of
20 mV/s in the 100th cycle.
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Fig. 2f Fig. 3~ �âf 1 M LiPF6 EC/DEC *�î Úö
B~ ' *�~ *~-** B~�Fb�B Ñ ®�f 100®�
cycle Ö"¢ '' ��"� ®
. Ñ ®� cycle" 100®�
cycle �Fj jv� " r cycle Å>& Ã&�ö V¢ *�~
Öz, ~ö *~º 6²~º ãËj ¾æÚ� ®b�, ß® 7
ïj 2/1/7~ ãÖ /Ï® 6²�j " > ®
. Fig. 4º
NaOH~ Î&ïj æz�Ê� B�� *�ö V� *~-B~

þÖ"� Fig. 2f Fig, 3b�¦V ÖÂ� Öz, ~ö >w~
*~ peak �V¢ '' ê�� ©b� NaOH~ ·� ô� Î
&F>� Öz, ~ö >w~ *~ b� �Vº ÿ�ö 6²�j
" > ®
. 6� cycle Å>& Ã&�ö V¢ *~ peak~ �
V& 6²�j " > ®
. NaOHº *� B�� FeOOH~ ;
W ��ö 7º� ��j �
. NaOH~ ·� ôj ãÖ *V
z�'b� j�Wb� rJê �� ¯ j[ç ��~ FeOOH
~ �W� ô� ��Ú^ Ö"'b� j�W bî� α-LiFeO2

& �W>V r^� ©b� ÒòB
. Fig. 5f Fig. 6f �*
fj B�~� G;� ' *�~ O*Ïï" ÎNj G;� Ö
"¢ ��"� ®
. O*Ïïf ~ö >w�Fj �*ö &~
� 'ª~� áf Ö"�� ÎNf ÒÒ�N� *� nb� ã
«>î
& âîò¢ 
� *�öB OÂ>ºæ~ ÎNj ��
8b�B O*Ïï" Öz >w~ �Fj 'ª� 8 ¯ Ï*Ï

ï~ j� �� > ®
. NaOH/FeCl3/LiOH~ 7ïj& Ã&�
>� Ïïf 6²~º ©j r > ®b� �º �öB Þ/�
b�*~ �V~ æzf ÿ¢� ·çj ��
. Fig. 5öB �
�� 7ïj 2/1/7~ ãÖö B�� *�f .V Ïïf 70
mAh/g ;ê� &Ë Ö>~¾ 30Ò�� ;ê �ê ôf Ïï
6²¢ ��� ®
. �º Fig. 6~ ÎNG;~ Ö"öB ��
º ©¾" ÎN~ &~� ÒÒ�N� *� �� ÚöB �^
¾Jæ á~� ê³ »'>Ú ÒÒ�N~ �ÿj O�~� �
N~ �ÿö ~� Òò ��& ¢¦ ¶çj «V r^¢ ©b
� �'B
. 
� ãÖ
f .V Ïïf ·b¾ 7ïj 2/1/7
~ ãÖ¾" ôf Ïï6²º ��æ p~
. J®J 7ïj
2/1/7~ ãÖ¢ B�� ¾^æ *�öBº B�� Î&>º
NaOH~ ·� Ã&� ãÖ *�~ ÎN� ¸jæº ãËj �
&b� 7ïj 2/1/7~ ãÖöº 95%�çb� .V~ ÎNf
±~b¾ B~� 10² �ê /Ï® &~~º ©b� ¾æÒb
� �º �*~ *~-** B~ 
þ Ö"fê ¢~�j r >
®
.

Fig. 4. Peak currents both in anodic and cathodic regions for
various electrodes prepared by changing of NaOH weight ratio at
the 1st and the 100th cycle. 

Fig. 5. Efficiency of LiFeO2 electrodes prepared with various
compositions in 1 M LiPF6 EC/DEC.

Fig. 6. Discharge capacity of LiFeO2 electrodes prepared with
various compositions in 1 M LiPF6 ED/DEC.

Fig. 7. Charge and discharge curves of a cell with an electrode
prepared with a composition of NaOH/FeCl3/LiOH(2/1/7). Charge
and discharge currents are 0.05 mA.
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4.3. ÏÁO* 
þ
ÏÁO*�F, Fig. 7j �� 3.3 VöB Ï*� ��Ú r�
O* �öº 3 Vræ /Ï� ** 6²¢ �� ê jò� çF
;�� O*� ��Úöj " > ®
. Ï*" O* B� r 7
·Ê� **~ æzº *æ~ *� &�b� �� ©b� 
�
·�Òò
ö j~� &�� � ©b� ��
. *æº Ï*"
O*ÿnö ïê�*j <� *�~ &�� ·j>� ±f W
Ëj ¾æÞ
. ��� �F� �~� *æ~ Ïï� '² ¾æ
Â ©b� �'>� 
� ·�
ö j~� jv' ·f 8�
70 mA/g~ Ïïj ��
. 

4.4. z� {Öê> G;
*Vz� O»ö ~� ÒÒ�N~ {Öê> G; »b� CPR

(current pulse relaxation)»j F;~� 
þj >¯~&
. b
& fj B²� �*ö Ïª® ï;� F rræ O~~� *
�ö ÒÒ� ã«>º OËb� ;*~ ªÊ(10.* 1 mA)¢
&� ê *~¢ nÖ ³ê �Vö ~� ÒÒ�N~ {Öê>
ÖÂö �Ï~&
. Fig. 8ö CPR»ö ~� �* & ** �F
j ¾æÚî� Fig. 9öº {Ö �b�¦V {Öê>¢ ���
VÞV 8j �~V *� ∆E & 1/t-1/2~ 8j ê�~&
. B
²� *{(OCV)" ÒÒ �W(x) �F~ VÞV�� dE/dx¢ �
~V *~� G; fö &� B²� *{j �~&
. Fig. 10
f ÒÒ�Wö &� B²� *{ G;8j ê�� ©�
. G;
ö ÒÏ� *�f &Ë WË� Ö>®~ 7ïj 2/1/7� �W�

*�j ÒÏ~&b� *�îf 1 M LiPF6 EC/DEC¢ ÒÏ~&

. Fig. 11f ÒÒ�Wö &� B²� *{ G;8ö ~~�
dE/dx¢ �� 8�
.

Fig. 12ö G;� {Öê>~ 8j ê�~&
. ÒÒ �Fï
(x)� Ã&�ö V¢ {Öê>~ 8� 6²~º ©j r > ®
º� �º *� Ú� ã«>º ÒÒ�N
*~ >BK� Ã&
>V r^b� ºG>Úê
. 6� G;B {Öê>8f 10-11

cm2/s ;ê�B LiCoO2¾ LiNiO2�~ 
� ·�~ ãÖ�
10-10cm2/s~ 8ö j� ·f 8ªj r > ®î
. �º
LiFeO2 *�~ ãÖ ÒÒ {Ö� ¾ ¢ÚÆ > ®º [ç��

Fig. 8. Time-voltage curve measured by the CPR method.

Fig. 9. The relation between ∆∆E and x for Li xFeO2 electrode.

Fig. 10. ∆∆E vs. 1/t-1/2 plot in the CPR method.

Fig. 11. The relation between OCV and x for Li xFeO2 electrode.

Fig. 12. The chemical diffusion coefficient of Li measured by CPR
method.
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~ ;W� 
� *�
ö j~� Ú[
º ©j ~�~� �ö
&� ��º �b� z× jº~
 � > ®
.

 

5. Ö  �

ÂBbî~ �Wj¢ æz�B B�� 
·� ÒÒ ÆÖzb
*�
j ÒÏ~� *Vz�' ßWj �Ò� Ö" 
r" ?
f Ö�j áj > ®î
.

1. r¢Ò >Ï� ÚöB FeCl3Á6H2Of LiOH 5 NaOH¢
b� >w~� ÒÒ�N~ îÒ, ã«� &Ë� [ç~ LiFeO2

¢ �W~&
. NaOH/FeCl3/LiOH~ 7ïj¢ 1/1/7, 2/1/7, 3/
1/7, 4/1/7, 5/1/7� æz�Ê� B�� *�
j �V� Ö"
7ïj 1/1/7� �W� *�f ÒÒ�N~ ã«� ¾ ��Úæ
æ á~&� &�Wê ¾� ©b� ¾æÒb� � ��~ *�
f &�W� jv' ±f ©j r > ®î
. 6� NaOH~ Î
&ï� Ã&�>� Öz 5 ~ö b�~ �V& 6²�j r
> ®î
. 

2. *�~ Ïï" O*ÎNj êÖ� Ö" 7ïj 2/1/7� �
W� *�~ Ïï� &Ë � ©j r > ®î
. ~æò 30²
�ç~ B~ êöº Ïï~ /Ï� 6²¢ �&
. NaOH~ 7
ïj& Ã&�>� Ïïf 6²~¾ ÎN 5 Ïï~ 6²Nf
'Úöj r > ®î
. 7ïj 2/1/7� �W� *�f 10² B
~�ê ÎN~ /Ï� 6²¢ ��¾ &Ë Ö>� WËj �&
b�, jv' Ïï" ÎNj Ãê�Ò > ®º O»b�B zB
Þ¾ �* Özb~ Î&ö V� ��& º�B
.

3. ÏÁO* 
þÖ" 3.5 VöB Ï*� &Ë ¾ ��Úöj
r > ®î� Ï*" O* B� r~ /Ï� **æz¢ Û�
*�~ &�� 
� *æö j� ¢ö V¢ *�~ Ïï�
70 mA/g;ê� ·rj r > ®î
.

4. CPR»j �Ï~� *� ÚöB~ ÒÒ�N~ z�{Öê
>¢ G;� Ö" 10-11cm2/sªj r > ®î
. � 8f
LiCoO2¾ LiNiO2�~ 
� ·�~ 10-10cm2/s~ 8ö j� ·
f 8b� *�b�~ WËf ÎÚöj r > ®î
. ~æò
Co, Ni, Mn�~ 
� bîj ¢¦ b�~� *æ~ Ïï 5
&�Wj ¸¢ > ®j ©b� �'B
.

6Ò~ & 

� ��º ��"�Ò�~ ��j æö(96-0300-17-01-3)"
¢¦ 2000jê ��&�vG7~² &�v> �Úv~ ��j
æöö ~~� >¯>îbæ� �ö 6Ò�Ò�, 
þ>¯ö ô
f êæj "� æ ��&ö² 6Ò�ãî
.
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