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Ö>� *Vz�' ßWj <º LiN0.8Co0.2O2 ;� �bîj ï� 1 µm �~~ �¢� «¶ ª�¢ áj > ®º
�ç >w»~ ~¾� �º»j �Ï~� B�~&
. B�B LiN0.8Co0.2O2¢ XF ²." TEM(transmission electron
microscopy) ªCj Û~� �^��¢ ªC~&
. ÏO* 
þ*" 
þê~ �^��~ æzö 76j "Ú 
þ~
&b�, � Ö" �º»b� B�B LiN0.8Co0.2O2 ;� �bîf ¸f &� Ïïj &æ� �ÚÂ ��� ßWj &
æ� ®
. �º �º»b� B��b� �~� Ni" Co·�N~ �¢� z��Wj &æ� ®V r^�¢ �'B
.
ß® LiCoO2öB &V>î~ cubic spinel disordering" �'� ��' Ö�� &V>æ p~
. 6� Al ~~b�
�~� ��� ßWj ±jræò Ïïf 6²~&
.

Abstract : The LiNi0.8Co0.2O2 has shown outstanding electrochemical properties. The microstructure of LiN0.8Co0.2O2

cathode was investigated by using TEM (transmission electron microscopy) and X-ray diffraction techniques. The
LiNi 0.8Co0.2O2 was produced by sol-gel method to synthesize fine particles less than 1µm in the average diameter.
In this study, emphasis was given to the examination and interpretation of the microstructural change during
charge-discharge cycling experiments, which appeared to be one of the main causes of early degradation of
rechargeable batteries. Results showed that the LiNi0.8Co0.2O2 cathode produced by sol-gel method had high reversible
capacity and excellent cycling stability due to its homogeneous distribution of Ni and Co cations on an atomic scale.
In particular, the LiNi0.8Co0.2O2 cathode did not show severe strain induced structural defects or cubic spinel disordering
during cycling experiments, which had been observed in the conventional LiCoO2 cathode. The LiNi0.8Co0.2-xMx

[M=Al] compounds show good reversibility but low discharge capacity.
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Ò� Ïï6²~ ^B6j &æ� ®
. 6� LiMn2O4º ��
Ïï� ·� ·ÿ*{� ¸j *�î� ª� >º ^B& ®
.
��� ^B6j �Ö~V *� ?f [ç��¢ <� ®º
LiNi 1-xCoxO2 (0�x�1)5,6)ö &� ��& ô� ê¯>Ú zb
� � 7öB LiNi 0.8Co0.2O2

7-9)& Ö>� *æ ßWj ¾æÚ
º ©b� rJ^ ®
. 
� �Þb�º LiCoO2, LiNiO2~

WË Ëçj *�B ~~B(Ni, Mn, Al, B)10-13)ö ~� 'Ë
j �� 7�¾ ~~B~ 'Ëö &� ��& jç {
~²º
��Úææ p� ®
.
� ��öBº *æ ßW� ±f LiNi 0.8Co0.2O2¢ [ç ��
& ¾ B�� > ®� �� «¶ ª�¢ &æ² >º �º»j
�Ï~� ;��bîj �W~� Ö;�� 5 *Vz�' ßW
j �V~�, Aydinol�ö ~~� LiAlO 2~ ��'� *{f £
5 V� ¢>'� ÒÒ *�.³ Özb�
 � îÒ *{j &æ
� ®� 6� LiAlO 2f 600oC �~öB n;B α-NaFeO2�

�¢ ;W�
� rJ^ ®
 V¢B � ��öBº Co~ ¢¦
¢ Al ~~� LiNi 0.8Co0.2-xMxO2[M=Al]~ *Vz�' ßWj
ÚÚ�~
.

2. 
  þ

;� �bîf Figure 1ö ¾æ¾º �º»j Û~� B�~
&
. J ç�~ *�Úº Li(CH3COO)ÁH2O (ACROS, 98%)
(CH3CO2)2NiÁ4H2O (Aldrich, 98%) (CH3CO2)2CoÁ4H2O
(Lancaster, 99%)¢ Ò.�ÞB� ÒÏ>º j�ÚÖ" �þ Ã
~>ö ��B 140oC �¾Ò¢ Û~� áÚr
. ;�f ;�
�bî� LiNi 0.8Co0.2-xMxO2[M=Al]¢ ê*Ò� KS6 10 wt%
f Ö�B� PVdF(polyvinylidene difluoride) 6 wt%f �þ
DÚB r��ª ;ï*ö z+~� ò
î
. ò
Úê ;�f
80oCöB 24�* ��~&
.
ò
Úê ;�~ ÏO* ßWj G;~V *~� dry roomö
B LiNi 0.8Co0.2-xMx/Li cellj �W~&� *��b�º 1 M
LiPF6/EC+EMC+DMC¢ ÒÏ~&
. *~&êº C/5 rate (0.4
mA/cm2) ç� *{f 4.3 V(4.5 V)� ~� *{f 2.5 V
(3.0 V)� ~� çNöB '' 
þ~&
.
�º»j �Ï~� ò
Úê ;� �bî~ ;ç 5 ��ß
Wf XRD, SEM" TEMj Û~� ªC~&b� XF ².f
RINT/DMAX-2500 (RIGAKU/JAPAN) Cu Kaj æÅb� ª

C~&� ;çßWf SEM (Hitach S-4300)j ��ßWf
XRDf TEM (JEM-200CX)j Û~� ªC~&
.

3. Ö "

3.1. ;çªC
;��bî~ ;ç" �Vº ÒÒ�N~ ã«" îÒ ·Ïö
'Ëj �~æ� SEMj Û~� �º»b� ò
Úê
LiNi 0.8Co0.2O2~ «¶ �V¢ �Ò~&
. Figure 2(a)öB �º
»b� ò
Úê LiNi 0.8Co0.2O2 ªö~ SEM Òê�
. ;��
bîf 1 µm �~~ «¶ �V¢ ��"� Z> 
';~ ;
çj &æ� ®
. Figure 2(b)öBº ?f ¦ªöB z � V
N~ SEM Òêb� ;��bî� £ 30 nm~ ·f «¶
�
��Úrrj {�� > ®
.

3.2. ��ªC(XRD)
LiNi 0.8Co0.2O2 «¶~ Ö;��º XRD¢ Û~� ªC~&
.

Figure 3(a)º �º»b� ò
Úê LiNi 0.8Co0.2O2 «¶~ XF
². ;çj ��&
. �©f α-NaFeO2;�~ [ç��(space
group, R3m)¢ ��"� (003)/(104) jN� 1.565�� (006)"
(102), (108)" (110)~ ¾ �ª>º XRD ;�º [ç��öB
Li" Ni/Co~ ª�& ¾ ��Úrrj ¾æÞ
. Figure 3(b)
öBº 
NöB ç�*{ 4.3 V ~�*{ 2.5 VÒ�öB 50®
ÏO* 
þê~ LiNi 0.8Co0.2O2 ªö~ XF ². ;ç�
. �
Figure 3(b)º 50® ÏO* ê~ LiNi 0.8Co0.2O2 ªö Ö;��

Fig. 1. The experimental procedure for synthesis of LiNi0.8Co0.2O2

powders by sol-gel process.
Fig. 2. SEM micrographs of LiNi0.8Co0.2O2 powders obtained by sol-
gel method.
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& α-NaFeO2;�~ [ç��¢ ¾ Fæ~� ®rj ��"�
�º»b� ò
Úê LiNi 0.8Co0.2O2 ªö~ Ö;��& n;�
j r² �
.

3.3. ÏO* ßW
LiNi 0.8Co0.2O2~ ÏO* ßWf 
NöB *~&êº C/5

rate (0.4 mA/cm2) ç�*{f 4.3 V� ~�*{f 2.5 V� ~
� çNöB 50® ÏO* 
þ~&
. Figure 4(a)öB .V O
* Ïï� 173.2 mAh/g�� Ñ ®� Ò��öB~ �� ÎNf
97.5%�� 50®� �� ÎNf 95.7%�� 50® ÏO* ÿn
~ Ïï 6²º 18.3%� Ö>� *æ ßWj ¾æÚ� ®
.
�©f ;�Òò� LiCoO2j ç�*{f 4.3 V� ~�*{f
2.5 VöB~ ÏO* 
þ�
 z Ö>� Ö;�� n;Wj �
�&
. �©f LiCoO2, LiNiO2~ 2Wªê Özb�

LiNi 0.8Co0.2O2~ 3Wªê Özb� �� n;Wb� �~� *
æ ßW� z ±f ©b� ÒòB
.

3.4. ��ªC(TEM)
ÒÒ�N*æ~ ãÖ ÏO* ÿnö ÒÒ~ ã«/îÒ ";
ÿnö B�~º ¦bæz� �~� ;��bî Úö ç*�f
��Ö�� B��
. ��� ç*�º ;��bî~ wKj j
z�B"� ÒÒ�N*æ~ .V~ Ïï6²ö 'Ëj ��
.
LiCoO2 ;��bî~ ãÖ >�>º ÏO*b� �~� Ú¦ö

¦ª'� ç*�, �'� �� Ö�, �b² �� �� B��

� rJ^ ®
.14)

��¾ �º»b� B�B LiNi 0.8Co0.2O2~ ãÖöBº �æ
£� ¦ª'� ç*�f Ôf Ö� &ê& TEMªCb� &V
>î
. Figure 5º 50® ÏO* *" ê~ Òê�
. Figure
5(a)º ÏO* *~ «¶� wK� ìº «¶f *;'� Ö;
zB ².NZj ��&
. Figure 5(b)¦b æzö ~� **
¾ strain contrast& �~ ìº Figure 5(a)f jÝ� strain
free grainj ��&
. Figure 5(b)öB~ «¶ ~.~ ¦fï
Ff �Þ~ vþ N�ö ~� *ZÒ�
.15) 6� ÏO* ê~
SAD(selected area diffraction) NZöB Ö;��& æ~æ p
~rj ��&
. *öB Þ/� TEM~ ��æf SAD NZb
� LiNi 0.8Co0.2O2 «¶~ n;Wj {�� > ®î
. ��¾
�º»b� ò
Úê LiN0.8Co0.2O2 «¶~ Ö;�� n;W V
�¢ j*~² ��>æº p~b� z ôf 
þ� jº~
.

3.5. ÏO* ßW(Al  ~~)
r��ªj ~~� LiNi 0.8Co0.2-xMxO2[M=Al]~ ÏO* ßW
f ç�*{f 4.3 V(4.5 V)� ~�*{f 3.0 V� ~� çNö
B 50® ÏO* 
þ~&
. ¾r 3 cyclef C/5 rate� 
r 5
cyclef C/3 rate �Ò� ¾^æ cyclef C/2 rate� ÏO* 
þ
j ~&
. Figure 6öBº r��ªj ~~� LiNi 0.8Co0.2-

Fig. 3. (a) XRD pattern of LiNi0.8Co0.2O2 powders obtained by sol-
gel method; (b) XRD pattern of LiNi0.8Co0.2O2 cathode cycled 50
times between 2.5 and 4.3 V.

Fig. 4. (a) Electrochmical property of Li/LiNi0.8Co0.2O2 cell at the
first and the 50th charge-discharge cycle; (b) Discharge capacity of
LiNi 0.8Co0.2O2 electrode as function of cycle number during 50
cycles.
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xMxO2 [M=Al]~ XRD� [ç��& ¾ B�>Ú ®rj r >
®
. Figure 7öB Al~ ~~ï� ôj>� .VÏïf 6²~
æò ��� ßWf ±jê
. ß® �*{ '�� 4.5 VöB~
Ö>� ��� ßWf Al~~b� �� n;B �ÏÚ ;Wb

� ��'� n;Wj Fæ~V r^b� �'B
.

4. Ö  �

�¢� �V~ ª�¢ &æ� ®º 1 µm �~~
LiNi 0.8Co0.2O2 «¶¢ �º»j �Ï~� B�~&
. ªCÖ"
öB ;��bî� ÒÏ>º LiNi 0.8Co0.2O2 «¶º *Vz�'
>wö 
Ö n;'�� ÏO* ÿnö ÒÒ�N*æ~ *Vz
�' Wî~ ¶Ö 6²¢ ��&
. XRDf TEM~ ªCf Ï

Fig. 6. XRD patterns of LiNi0.8Co0.2-xMxO2 [M=Al].

Fig. 5. Bright field TEM images and selected area electron
diffraction patterns of (a) as-fired LiNi 0.8Co0.2O2 particles obtained
by sol-gel method and (b) LiNi0.8Co0.2O2 particles in the cathode
cycled 50 times between 2.5 and 4.3 V.

Fig. 7. Discharge capacities of LiNi0.8Co0.2-xMxO2 [M=Al] ; (a)
voltage range was 3.0~4.3 V and (b) voltage range was 3.0~4.5 V.
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O* êö ¦ª'� ç*�, �'� �� Ö�" spinel
disorderingj ��"æ pº
. V¢B �º»b� B�B
LiNi 0.8Co0.2O2 «¶~ *Vz�>wö &� Ö>� ��' n;
Wj ��&
. ��¾ LiNi 0.8Co0.2O2 «¶~ �^�� n;W
~ V�¢ j*~² ��~V *�Bº z ôf ªC� jº~

. �Ò� LiNi 0.8Co0.2-xMxO2[M=Al] ;��bî~ �ÚÂ *
æ ßWf r��ª ~~ö ~~� z Ö>� ��' n;Wj
<V r^�¢� ÒòB
.

6Ò~ &

� ��º "�VF¦ 21̂ V *� �Ú ��BBÒë~ ¢
~� '¾�²ÒVFBBÒë'~ æöb� >¯>îb� �ö 6
Ò�ãî
.
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