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Abstract − The Ni(OH)2 nanoparticles with average diameter of 50 nm were synthesized by hydrolyzing nickel acetate with

water, and were dispersed in the distilled water to prepare the coating solution. The electrodes for supercapacitor were pre-

pared by dip-coating the coating solution on the Ni-foam. The electrodes heat-treated at several temperatures showed the high-

est specific capacitance, 160 F/g, at 250oC. It can be explained that the Ni(OH)2 particles heat-treated at 100 and 200oC on the

electrodes contained the impurities such as acetate groups in the pores, and resulted in low specific surface areas. However, as

the calcination temperature increases, the impurities incorporated in the pores are removed at 250oC, and thus, the particles on

the electrodes show the highest specific surface area (177 m2/g).
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, �-., ���-.�/ ����� 01 �2� 34567 �.��

8 9�)� :;<=>, � ?@� A�� B�C DE�/ $F� ��

� �  !G H$�� 3456� IB� 5�( "#
$ %&[1-4].

H$�� 3456/ supercapacitor, ultracapacitor J/ �� �K L

3456M$ N+/ O< P ��C �Q 34568 �R� S�&

[5]. �T1 U V-W+> X Y Z[0\> ��	] 3456M$ N

+:  ̂_ %\`, �2� 3456 J/ �.��7/ &a b>c de

� ��� �  !�&. � ��	] 3456/ �� �K L 3456

(electric double layer capacitor, �) EDLC)7 f9g��(pseudocapacitor,

redox capacitor)M$ Nh _ %/ i �j> ?kl _ %&[4]. �7

m1 H$�� 3456� �n�o> 9�
/ S1 EDLC� 9�


/ p�q, f9g��> 9�
/ r�s	tq7 ��F $?�q�

u 
� �j> vw:�&[5]. EDLC
 �nx�� �Fy �KL�z

�)8 � )/{ |E f9g��/ �no}� x�~� ����

�)8 � � _ %\=>, � ��� EDLC� |E � 3-4� ��

�$, �M� ��� ��� � �&$ �;� %&[6]. �� f9g�

���/ �)� � 1 x� ~�> ��
=>, EDLC o}7 ��


�> g���1 �n �t^� |x�0� |��&. �M� �n

�t^� ��
 VC_� |x�0� ��, 3456� ��� �
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=> �)� � ��� P f9g��� IBC DE�/ �n �t

^� v���	
 "#
$ %&[7]. f9g��� �n �t^>/

RuOx
 ��0\> �� 9�
$ %\v RuOx �n1 <_� �� 	

]0 �-C ��/ �� $
� �Bt^> G)� ��F� �:�/

 ¡C ��$ %&[8-10]. �M� �¢� |�� t^C ��)��� 3

456� ��C £¤5¥/ �n� �¦ �§� ̈ #
:�$ %/{ �

/ NiO, CoO, MnO2, TiO2 ©� &
 r�C ��)/ �§�&[8-10].

NiO/ Ni(OH)2� �j> ªo ¤�	
$ %/ Ni/Cd, Ni/MH © Ni

q �.��� �n �t^> �«¬$ %/ o}�&. '( ­~�/

�� 
��� ® ¯�� ��°A��� B±> GE �² U K"F

� �E�$ %\`, Li �³C ´�� _ %/ ��C 
�$ %\=

> Liq �.���� µ��� 
�)&. J� ��� �  !> ¶

·� ��
$ %/ H$�� 3456� �n �t^> µ�l _ %

/ t^�&[11-14].

�M� ¸ ¨#��/ 
¹� �¢)���, ��� �  ��� º

:» H$�� 34568 IB)� DE �n �t^>� NiO8 ��

)$� �&. �8 DE ¼� ½¤¾F§C ��E v�¿6 ��8 À

/ NiO ?ÁC �¦� Â �8 �O �� ÃÄ ?s5¥$, �n� �

ÅG Ni foam D� dip-coating 5¥/ Sol-Gel Æ�C ��E �nC

�¦)� U �n� ��	]0 'FC ÇÈ ̧  ��C �$)$� �&.

2. � �

2-1. NiO ����� ��

NiO v���� ¾FÉ./ Anderson� �§[8-10]C �Ê&. <Ë

�Bt^G Ni(CH3COO)2Ì 4H2O(Aldrich, 98%)8 Í¦��� 100oC

> �?( Í¦5Î Â Ä��C 200 mL� �k_� �E5Ï 0.2 M

Ð�� _�½C �¦)Ñ&. �ÒÓ �¦y _�½C ¤³�� �ÔÕ

Ö��8 ��)� 24 hr -× 
_?E 5Î Â 8,500 rpm�� 30 min

-× W·?+5Ï Ni(OH)2 v���8 ¾F)Ñ$ � v���8 �

k_ 40 mL� o ?s5Ï ØÙ� �½C �¦)Ñ&. �ÒÓ ¾Fy

Ni(OH)2 v���/ �n� �Å D� ØÙ
: 250oC �¤� ³�>

Ú�+Û� �E _	t� ��
�� NiO v���> Ü)Ó y&.

2-2. �	 
�

¼� Ä�Ý�\>(110 psi) press
: �¦y Ni foam(iÞ 170µm)

C 2×2 cm� ��> ßM �n� �Å\> 9�)Ñ&. D�� �¦y

ØÙ�½C dip-coating method8 ��E 10 cm/min� ��> Ni foam

D� 5à ØÙ5Î Â ¤³�� Í¦5á&. U Â Í¦y Ni foamC

�â ³���(200-350oC) Ú�+)� �nC �¦)Ñ&.  D ã 3

456� �E½\>/ 7.5 M KOH _�½C 9�)Ñ$, |g� ��

1 ��� ä��(Maccor, S-4000)8 9�E ä�)Ñ&.

2-3. �
�� ��

ØÙC )$ å1 _�½1 100oC�� 24 hr -× Í¦5Î Â æ�

9B> ?ç)� ?Á	5Î Â �â ³��� Ú�+)� ?Á� '

FC ?Ô)Ñ&. �¦y ?Á� �â )�³���� 	]0 #¦8

¦9)� D)� FTIR-Spectroscopy(FTS 155, Bio-Rad)8 9�)�

KBr§\> 400-4,000 cm−1� dD�� FT-IR ?«?ÔC )Ñ&. � ¦

Í�� ¾Fy ?Á� �Æ'F1 Micromeritics9� ASAP2,400�

BET8 9�)� 150oC�� degassing � Â N2 
è8 éê ® ëê

5Ï |x�0 ® pore size distributionC #)Ñ&. J� �¦y ?Á

� )�³� Ü	� �a ìF ¤C ¶í)� DE XË àÉ ?Ô�

(XRD, D/Max-IIIB, Rigaku)8 9�)� àÉ � 30-70o dD�� XË

àÉ ?ÔC �)Ñ$, ?Á� �¤, �� ® U ?î¤j/ e9��ª

¿� (SEM, XL30SFEG, Philips)C ��)� ¶í)Ñ&.

3. �� 	 
�

Fig. 11 �Bt^G nickel acetate8 24 hr -× �k_> 
_?E

5Î Â ï:� ð�tC 100oC�� Í¦5Ï �¦y ?Á� SEM 9

�\> �ñ 50 nm ��� ÃÄ� ��� v���
 ìF
òóC �

_ %&. � v���� 	]¦F1 ô� Fig. 8� XRD ?Ô õö>�

6 |�^ ¤jG Ni(OH)2÷C � _ %&. J� D� ö� K Í¦5

¥� �� ð�tC �k_� o ?s5Ï ØÙ� �½C �¦)Ñ\

`, � �½C Ni foam D� dip-coating5Ï ¤³�� Í¦5Î Â �

â ³��� Ú�+)� NiO �nC �¦)Ñ&.

Fig. 2/ �â ³��� Ú�+)� �¦y NiO �nC 7.5 M KOH

�E^C 9�)� |g� ��C ä�� Uø�&. 0-0.9 V �Ý dD

� ��� ùèú õö�� 200oC�� �¦y �n1 30 F/g� û1

|g� ��C �Ñ\v, �F³�
 üý^_� �n� |g� ���

�
)� 250oC�� 
  ü1 |g� ��(160 F/g)C �Ñ$, 300oC

�¤� ³���/ þ(; ÿ�)/ �£� ¶ä
ò&. � ª¤C ��

)� DE ØÙy Â å1 _�½C 100oC�� Í¦5Î Â ?ç)� ?

Á	5Î Â �â ³��� Ú�+)� ?Á� 'FC ?Ô)Ñ&.

Fig. 31 Ú�+ ³�� �a NiO ?Á� |x�0 Ü	8 v�� U

ø\>, |x�0 �1 100oC7 200oC�� Ú�+ 5 10 m2/g �)�

V1 �C ��&
, 250oC�� Ú�+ 5 ��� �
)� 177 m2/g

� ­�!8 �Ñ&. ��� 300oC �¤� ³���/ þ(; ÿ�)

/ �£C �Ñ&. �/ ô� Fig. 5, 7, 8, 9� pore size distribution,

Fig. 1. SEM image of Ni(OH)2 nanoparticles prepared by hydrolyzing
nickel acetate with water and dried at 100oC. 

Fig. 2. Specific capacitances of NiO powders calcined at several tem
peratures.
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SEM, XRD, FT-IR õö�� � _ %�� 100, 200oC�� Ú�+ 5

�/ ?ÁT� acetate�7 m1 N�t� �E �Æ� æ	 û1 |x

�0C ��v, 250oC�� N�t� ��
�� �Æ� à

: P

|x�0C ��Ó y&. Uâv 250oC�¤� ³���/ |�^ ¤j

� ?Á� õ�	
 Ä:v ³��
� �M õ�� ��
 ��=>

&5 |x�0� Vý� 250oC� ³��� 
  P |x�0C �G

&$ EÔ� _ %&. �� 3456� g� ��1 �F t^� |x

�0� ���&$ �;� %\=>[7], Fig. 2�� 250oC�� Ú�+

y �n� |g� ��� 
  P ª¤C � ³��� Ú�+y ?Á�

|x�0� 
  P ª¤\> ��� _ %&.

Fig. 4/ �â ³��� Ú�+y NiO ?Á� ^� éê, ëê �Ë

C v��&. 100oC7 200oC�� Ú�+y ?Á� ©³Ë1 éê, ë

ê ©³Ë� Ä!
/ type I�� �-C ��$ %&[15]. �â� éê

©³Ë1 Langmuir��M N+/ S\> éê�  ?�L\> 
v/

éê q�� v�»&. ��� 250oC, 300oC, 350oC�� Ú�+y ?

Á� ©³Ë1 éê, ëê ©³Ë� �> Ä!)� �/ type IV�� �

-C ��$ %/{[15], �â� �-1 mesopore(�Æ �� 20-500�)

8 À/ éê q�� v�v=> � ³��� Ú�+y ?ÁT1

mesopore8 �G&$ �ä� _ %&. J� � Uø�� éê�� É�

�1 |x�0C v��=>, 250oC�� Ú�+y ?Á� |x�0�


  �C � _ %:, Fig. 3� |x�0 õö7 ß Ä!
$ %&.

Fig. 5/ Fig. 4� éê, ëê �Ë K ëê �Ë\>�6 ï:� pore

size distributionC v��/ Uø�&. 100oC7 200oC�� Ú�+y

?ÁT1 �� �Æ?î8 v��� �)/ ��, 250oC7 300oC��

Ú�+y ?ÁT1 mesopore8 v��`, 30-50� ��� intra-particle

pore7 100-500� ��� inter-particle pore> #Fy bimodal pore size

distributionC v��C � _ %&.

Fig. 61 Fig. 5� bimodal pore size distribution� #¦8 v��/

�Õ��&. �n �t^G NiO/ ýe V1 primary particleC �¸

 D> #F
: %\`, � ?ÁT 9�� µ�� Ä:v secondary

particle� �Fy&. � Uø��� intra-particle pore/ primary particle

9�� �ÆC v��`, inter-particle pore/ secondary particle 9��

�Æ\>�6 �G
ò&[16].

Fig. 71 �â ³��� Ú�+y NiO ?Á� ¿u#¦8 v��/

SEM 9��&. 100oC7 200oC> Ú�+y ?ÁT1 primary particle

9�� �ÆC ¾F �µ Â u�� �E ��
� �� acetate�7 m

1 N�tT� ·)Ó æý primary particleö secondary particle� �

�)Ó v�v� �)/ ¿u#¦8 ��e$ %&. ��� 250oC7

300oC> Ú�+y ?ÁT1 acetate ©� N�t� Ú�+� �E ��


: 40-70 nm ��� primary particleö �ST� µ�� �E ì�

Fig. 3. Specific surface areas of NiO powders calcined at several tem-
peratures.

Fig. 4. Nitrogen adsorption-desorption isotherms of NiO powders cal-
cined at several temperatures.

Fig. 5. Pore size distributions of NiO powders calcined at several tem-
peratures.

Fig. 6. Schematic representation for the microstructure of the NiO powders.
���� �41� �2� 2003� 4�
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200-500 nm ��� secondary particle> #F
: %óC � _ %&.

J� 250oC> Ú�+y ?Á� primary particle ��/ �ñ 40 nmG

��, 300oC> Ú�+y ?Á� primary particle ��/ �ñ 70 nm÷

C � _ %/{, �/ Ú�+³�
 �
�� �M õ�� ��
 F

 y S\> ��l _ %&. �â� ¿u#¦� .�>�6 Fig. 3�

BET õö�� 250oC> Ú�+y ?Á� |x�0� 
  �`, Fig. 5

� pore size distribution�� 100oC7 200oC> Ú�+y ?ÁT1 �

	 �Æ ��?î8 ��� �)/ ��, 250oC7 300oC> Ú�+y

?ÁT1 �Æ� B±y ª¤C ��� _ %&.

Fig. 81 �â ³��� Ú�+y NiO ?Á� XRD õö�&. 100oC

7 200oC�� Ú�+y ?Á�� B�
/ 37o7 59o��� �� ��

/ Ni(OH)28 v��/ ��[8]> � ?ÁT� |�^÷C �¿�&.

��� 250oC �¤� ³��� ¶í
/ ��/ NiO õ�C v��`

250oC� ³��� õ�	
 5V
òóC �5)$ %&[8].

Fig. 9/ �â ³��� Ú�+y NiO ?Á� �E 400-4,000 cm−1

dD��� FT-IR ?Ô õö8 v�� S�&. 100oC7 200oC� ?Á

�� ¶í
/ 3,620 cm−1��� Ni-OH peak7 1,460 cm−1 �)���

acetate peak
[8] 250oC �¤� ³��� ª�( 9M�/ S\>�6

250oC�� õ�	
 Ä:�óC � _ %&. � õö/ Fig. 8� XRD

õö7 ß Ä!)$ %&.

4. � �

Nickel acetate8 �Bt^> )� �k_> 
_?E5Ï, Ni(OH)2
v���8 �¦)Ñ\`, � v���8 �k_� ?s5Ï ØÙ �½

C �¦� Â Ni foamD� dip-coating5¥/ Sol-Gel Æ�� �E �

nC �¦)Ñ&.

Fig. 7. SEM images of NiO powders calcined at (a) 100, (b) 200, (c) 250 and (d) 300oC, respectively.

Fig. 8. X-ray diffraction patterns of NiO powders calcined at several
temperatures.

Fig. 9. FT-IR spectra of NiO powders calcined at several temperatures. 
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(1) �¦y NiO �n� |g� ��1 Ú�+ ³�� �Ó ��)Ñ

\`, 250oC�� Ú�+ 5 160 F/g� 
  P |g� ��C �Ñ&.

(2) �â ³��� Ú�+y NiO ?Á� |x�01 100oC, 200oC

�� Ú�+ 5 10 m2/g �)� û1 |x�0C ��v, 250oC�� �

¹( ¤�)� 177 m2/g� 
  ü1 |x�0C v��&.

(3) �¦y �Ft^� �Æ ��/ Ú�+³�� �M ±M \`,

100oC7 200oC�� Ú�+ 5�/ �� �Æ?î8 v��� �!\

v, 250oC �¤� ³��� Ú�+ 5�/ 30-50�� "Ã�ÆC À

/ intra-particle pore7 100-500�� "Ã�ÆC À/ inter-particle pore

> #Fy bimodal� �Æ ?î8 v��ò&.

(4) Ú�+y NiO ?Á� SEM ä�õö 100oC7 200oC ?Á��

/ acetate�7 m1 N�tT� �ÆC æ$ %: ?Á� �¤C �G

� _ #ò\v, 250oC �¤��/ N�tT� ��
: 40-70 nm�

"Ã ��8 À/ ?ÁTC �G� _ %ò&.

� 


� $%1 2001&� �'](�)o � �W� �)� ¨#
ò*
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