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Synthesis and electrochemical properties of LiCoO2 powders by urea
hydrolysis
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Abstract Lithium cobalt oxide (LiCoO2) cathode powders for rechargeable battery have been successfully prepared using
urea hydrolysis method. The obtained hydrolysis-derived precursors with different Li/Co molar ratio were calcined at
various temperatures. Low temperature phase (LT-LiCoO2) and high temperature phase (HT-LiCoO2) were obtained after
calcination at 500oC for 2 hr, and phase transformation from LT-LiCoO2 to HT-LiCoO2 was completely occurred over
700oC. The layered structure of LiCoO2 was well developed with a rise in the calcination temperature. Charge-discharge
test show that the lithium cobalt oxide with 1.2 molar ratio prepared at 800oC has an initial discharge capacity as high as
152 mAh/g, and the relatively stable cycling characteristic with 9.2 % of capacity fading was obtained after 40th charge-
discharge test.
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� � ��� ������ ���� ������� LiCoO2 �� ��� �����. Li/Co � �� ��� ���
�� �� ��� ���� ��� ���� ������. ��� LiCoO2(LT-LiCoO2)� ��� LiCoO2(HT-LiCoO2)�
500oC�� 2�� ��� � �����, ����� ����� ���� 700oC ���� ��� ����. ��� ���
���� �� LiCoO2� ����� � �����. ��� ���� Li/Co� ��� 1.2�� 800oC�� ���� LiCoO2

� ����� 152 mAh/g�� ����, 40� ���� ��� 9.2 %� ����� ���� ����� ��� ��� �
�� �����.

1. � �

�� �� � �� ��� �� ��� ��� ���

�� ����� �� �� ��� ������(���

PC, ���, PDA �)� ��, ����(MP3, ����

��, ��� �)� ���, ���, ���� ��� �

���� �� ��� ����, � ��� ���� �

��� ������[1].

�� ����� �� ����� �� ��� ��

�	� ��, ������� �
� ���� ���

�������� LiCoO2� �� ����� LiCoO2/

Li cell� �� ��� 4 V� �� ��������

1070 Wh/kg
� ��[2]. LiCoO2� cubic(LT-LiCoO2)�

rhombohedral(HT-LiCoO2)� � �� ���� ���

[3]. �� ���� LT-LiCoO2� spinel-like ��(space

group Fd3m)� Co3+ ��� 6 %� ����� octahedral

(8a)��� ����, ����� ���� ���
�

���� ���� HT-LiCoO2�� �� �����

����[4]. �� ���� HT-LiCoO2� �� ��

(space group R3m)� ���.
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�� LiCoO2� ���� ���� ���, ���� �


� ��� ���� ��� ��	 ��� ���� �

� �� ���� ��[5]. ����� ��� �� ���

� ���� �� �
� ��� ��� ������ �

�����, 900oC ��� �� �� ���� ��� �

��� �� ���� HT-LiCoO2� ����[5]. ����

� 	�(sol-gel)[6], ��
(emulsion)[7], ���(molten-salt)

[8], ��(hydrothermal)[2] �� �� ��. ���� ��

�� �� �� ������ �� ����� ����,

�� ��� ���� �� ��� ��� �� ����.

� ���� ��� ��� �� ���� � ���

��� �����
� ���� ��� ��� 	�	

��� ���
� �� ��� �� ��� ���	

�
��� ����[9]. ��� ���� ����� �

� �� ��� ���� ��� ���� �� ���

��� ��� ���	 ��� � �� ��� ��.

����� ��	 ��� ���� ���� ���


� �
��, ���� ��� ��� 
���� ��

� ��. � �� ���� ���� ��� 
�� �

�� �
�� 	� ����� ������ ��� 


�� ���
� ��� ����. ��� � ����

� HT-LiCoO2 ���� ����� Li/Co ���� �

�� ��� �����, ��� ��� ���	 ��

�� � ����� ��� �����.

2. �� ��

2.1. LiCoO2 ��� �� � ����

��
�� lithium hydroxide(LiOH�H2O, 99 % Showa),

cobalt nitrates(Co(NO3)2�6H2O, 97 % Daejung), ���

(H2NCONH2, 99 % Showa)� ����
�, ���

LixCoO2� Li� �� �
�	 x� 1, 1.1 ��� 1.2�

�����. ��� 
�� 
�	� ���� ��

120oC� 
���� 4�� �� �
�� ���� ��

�. �
 � ��� ���� ���� ���	 800oC, 2

�� �� ���	��� �����
�, ���� ��

���. Li/Co = 1.2� � 	�
�� ���� 	
� �

��� �� �

�� Li/Co = 1.2� ���� ���	

������ �� ���� ��� ���� 	� 500,

600, 700 ��� 800oC�� 2�� �� ������.

���� ����� TG-DSC(TA Instruments, SDT

Q600)� ����
�, 1000oC�� 5oC/min� �

�

�����. �� ��� ���� ��� 	�	 X-�

�
���(Mac Science, M03XHF22)� ����
�,

��
	(2θ)� 10o
�� 70o

��, �� ��� 5o/min

���. �� � ���� LiCoO2� ��� ��� �

� ���(λ=514.5 nm)� ��� �����(Renishaw

2000)� ���	 �����.

2.2. ���� � 	 ����

��� ��� ���� ��� 	� coin cell(CR

2032) ��� half cell� ����
�, ��� �� Li/

Co = 1.2�� 800oC�� 2�� �� ���� LiCoO2

��� �����, ��� Li� �����.

��� LiCoO2 85 wt%, ���(Super-P) 10 wt%�

����� NMP(n-methyl pyrolidone)� ��� ��

5 wt%� ���(PVDF)� ���	 ���	 ����

�� � �, Al foil� ���	 110oC 
���� ��

� 
����, 
�� ��� roll press�� �� 60 µm

� ����� �����. Separator� celgard 2500,

���� 1 M� LiPF6� ��� EC : EMC = 1 : 2� �

����, coin cell ��� Ar ��� ��� glove

box��� �
���.

��� cell� ����� ����� ��� ���

(WBCS-3000, 
��)� ���	 ��� ���
�

�����, 3~4.3 V� ��
	�� 0.1C, 0.2C, 0.5C,

1.0C ��� 2.0C� �

� ��� ���� ���

�
���.

3. �� � ��

3.1. ��� ����

��� ������ ��� �� � �� � ���

�� ������, ��� pH� ���� ��� ���

���	 ��. �� ���� ����� 70oC ����

��� ����� 90oC ���� ��	 �
��.

���� ����� ����, ���� �����

����� HNCO� ����[10].

CO(NH2)2 → NH3 + HNCO

� �� ����, HNCO� NH4
+
� CO2� ���,

����� ��� �� NH4
+
� ���.

HNCO + H+ + H2O → NH4
+ + CO2

NH3 + H+ → NH4
+

�� �� H+
� �� OH−

� �� pH� ����. �

� cobalt nitride� �� OH−
� �
�	 layered double

hydroxides(LDHs)� M(OH)2 − x(NO3)x�mH2O(M = Co,

Ni, Cu, Zn)� ����[10].
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3.2. TG-DSC(���)

��� ����� �� ��� LiCoO2 ���� �

�� ��� Fig. 1� �����. ����� ���

����� �� 5oC/min���. 80~180oC ��� ��


�� ���� ����� ����. 210oC ��� �

���� Co(OH)2 − x(NO3)x�mH2O� ����� Co3O4

� ���� ����, � � �	
�� N2O, CO2 �

�� H2O �� �� ��� ����. 250oC ��� �

���� LiNO3� �����, 250~400oC �����

��
�� ���� nitrate� ����, 400oC ���

�� ����� LiCoO2� ��� �� ���.

3.2. LiCoO2� ���� ��

Li/Co� � �� ������ 800oC�� 2�� ��

���� LiCoO2� XRD�
 ��� Fig. 2� ���

��. Li/Co� ��� 1� � 	 �
 ���� Co3O4

� ��	� �� � � ���, ��� Li� ��� �

� 1.1, 1.2� � ���� LiCoO2�� ��	� ���

� ���.

Li/Co �� ��� �� ��� �� ���� 
	,

� 1.2� ���� ��� ���� ���� ���

XRD� ���	 �� ��� Fig. 3� �����.

500oC 	�� ����� LiCoO2� ���� 	�

Co3O4� ��� ����� 500oC���� LiCoO2�

���� ���	 LT-LiCoO2� HT-LiCoO2 � �� �

����. ��� 
�
� �� LT-LiCoO2� 
���

HT-LiCoO2 �� ��� ���	 700oC ��� ���

�� LT-LiCoO2�� ���� HT-LiCoO2� ��� �

��� �� ��� � ���. �� XRD� �
��


��� I(003)/I(104)� �� ��� ��� 700oC�

� 800oC� ���� �� 2.31�� 2.76� �����

Fig. 1. TGA and DSC curves of the LiCoO2 precursor pre-
pared by the urea hydrolysis.

Fig. 2. X-ray diffraction patterns of LiCoO2 powders calcined
at 800oC for 2 h with various Li/Co mole ratio.

Fig. 3. X-ray diffraction patterns of LiCoO2(Li/Co = 1.2) pow-
ders calcined at various temperatures for 2 h.

Fig. 4. Raman spectra of LiCoO2(Li/Co = 1.2) powders calcined
at various temperatures for 2 h.
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� �� ����� � ������ ����, ���

�� � ��� ����� ��� ����� ���

���[4, 11].

�� XRD �
 �� �� ��(Fig. 2)��� I(003)/

I(104)� �� �� � ��, � Li/Co � �� 1.2� �

�� ��� ���� ���� ��� �� �����

Fig. 4� �����. 500oC�� ���� ��� 605,

590, 484 ��� 453 cm−1
� 	 �� �� ��� ��

�	 ����� ��� ���	 800oC��� 589�

477 cm−1
� ��� �� �� �� �� ����. ��

605, 453 cm−1
� LT-LiCoO2 �� ���� 589, 477

cm−1
� HT-LiCoO2 ����[12]. ��� ��� ��

XRD �� ��� �� ����� ��� ��	� �

� LT-LiCoO2� ���� HT-LiCoO2 �� ��� �

��� �� �����.

3.3. LiCoO2� �� ��� ��

Li/Co� ��� 1.2, ��� ��� 800oC�� ���

LiCoO2� �� ���� ���	 ��� coin cell��

� ��� �� �� ��� ��� ��� Fig. 5� �

����. 3.0~4.3 V� �	���� 0.2C� �����

��� ��� �
�, �� ����� 152 mAh/g
�

� �� LiCoO2� ��� �� ���. 40� �� ��

�� 1� ��� ���	 4.3~4 V �	���� ��

��� ���, 3.8 V ���� ����� ��� ��

�	 �����. �� ����	�� �� �����

�� potential� ���� �� �� � � ��. 40�

����� 138 mAh/g
� �� ����� �� 9.2 %

��
�� ������ �� ���� �� ��
�

� �� 	� ��� ��� ��� ��� �
� ��

��.

Li/Co� � �� 1.2, ����� 800oC�� ���

LiCoO2� �� ���� ���	 ��� coin cell�

��� ��� Fig. 6� �����. 4� 0.1C, 6� 0.5C,

7� 1.0C ��� 8� 2.0C�� � ���� 0.2C�

�����. �� 1~3� ���� ��
�� �	 ��

���, � � 9� ���� 40���� ��� �� 	

�� ���. ��� 8� 2.0C �� �� 9� 0.2C �

�
� 	��� � � ��� ��� �� ���� �

�� �� ��� �� ����� �� ���� ��

� 
 � ��. Fig. 7� Li/Co� � �� 1.2�� ��

� ��� 800oC�� ��� LiCoO2� C-rate ���

��� ���. ����� �	� �� �����


���� 0.1C/2.0C� ������ 88 %� �	 �

���.

Fig. 5. Specific charge and discharge curves of the urea
hydrolysis-derived LiCoO2 powders calcined at 800oC for 2 hr.

Fig. 6. Specific discharge capacity upon cycling for different
discharge rates.

Fig. 7. Specific discharge curves of the urea hydrolysis-derived
LiCoO2 powders calcined at 800oC for 2 hr with different

discharge rates.
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4. � �

���� ��� �����

� ����� ���

��� LiCoO2� ��� � ��
�, ����� ��

��� ���� I(003)/I(104)� �� 2.76���. Li/

Co ��� 1��� 	 �
 ��� Co3O4� � ��

1.1 �� � � ����, 1.2� � �� ���� ��

LiCoO2� ����� �� � ���. ��� ���

�� ���� ���
� ����
�, 700oC ���

� ���� HT-LiCoO2 ��� �� � ���. Li/Co

� ��� 1.2�� 800oC�� ���� ��� ���

��� ��� ���� ���� ���� 152 mAh/g�

�� ����� ��� � ���, 40� ���� �

��
�� 9.2 %� ��� ��� ��� �����.

� � � �
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