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���� ���� ����	���	 �� �� � !", # �� $ � %&

!'(. ���	 �� )*+ ,-. ��/ 30 nm �0� �12 345 67� 89: ;<=*2 >'(. )*+ ��

� %?@A B/ � �� pH	 �C �D!5, EFG HI	 JK LM!� NO� >" 200oC	P EFG� 90 m2/g�

%?@A� >'(. Q@	 ����	���	 �� )*+ ,-. ��/ 15-20 nm� RN� >�5 67�4 S/ ;<=

*2 >'(. � T�	 �� )*+ ��U� %?@A/ EFG HI	 �D!'V5, 200oC	P EFG � 3W X 160 m2/

g� >'(.

Abstract − RuOx nano powders used for supercapacitor were synthesized by precipitation and microemulsion method,

respectively and properties of powders were compared. The hydroxide powders prepared by the precipitation method were

found to be more than above 30 nm in particle diameter and to have a highly aggregated microstructure. The specific surface

area(SSA) of the powders, depended on the pH conditions during precipitation, decreased with increasing calcination temper-

ature and showed 90 m2/g at 200oC. On the other hand, the hydroxide powders prepared by the microemulsion method were

found to be 15-20 nm in particle diameter and to have a non-aggregated microstructure. The SSA depended on calcination tem-

perature and showed 160 m2/g at 200oC.
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��
 ����� ��
 ���� �� �

��� ��� �� ����  !��"� #$ %&'� (). *�

�� +,-* %. ��/+ 012* 34�� (�5, *6 78 9

��� :;�<' =�� >?��
 @3AB �C). DE FG��

HIJK6 LMAN '4OP�Q R'A; SE *T�UV  KW

� �X  Y3E ZK� �C). *� �� [\ ] ^ _` a:  �

b, :; ^ A*c�d ef$  �a g* hai *j�'� (�5,

*k* lm�� 012* �; Sno� �pE �<' q� 012

* 34�� (). ��o * r. 9��� :;�<' =�6 �pE

�<' q� 012  \eQ stA� �<' uv 012  Aw


o x�yz {|0}� FG� ~ L�  ?�* �� ()[1-4].

x�yz {|0}� supercapacitor, ultracapacitor D� :; *Y �

{|0}�� ��� �� ~ yz� '� {|0}Q '�E �*)

[5]. *k. � �f��
 � � ����
 :;�� {|0}�� �

��� p (�5, ��  {|0} D� *$:'6� )� �
� �

�  �<' uvv"*). * :;�� {|0}� :; *Y � {|

0}(electric double layer capacitor, EDLC)6 ��q:;(pseudocapacitor,

redox capacitor)�� !Q p (� � �[
 �X� p ()[4]. *6

r. x�yz {|0}  :�V�
 �y�� �. EDLC� �y�

� UV�, ��q:;
 �y�� � T���6 :�- ��e � 

¡ �' �[
 w¢�£)[5]. EDLC� :�¤¥� �-¦ *Y��s

:AQ uvA�§ ¨n ��q:;� :��©  ¤¥Gª «!¬'

:AQ uv­ p (�®
, uvyz* EDLC� ¨n ¯ 3-4° ��

±�, ��o �<' ²�� ³ ±)� ´µ¶ ()[6]. E· ��q:

;�o :A  uv. ¤¥ Gª
 KE�®
, EDLC �©6 ¸¹�
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 q:yz. :���  ¨¤¥�� ¨ºE). ��o :� h��

  ±;� ��p» ¨¤¥�* ¼¶, {|0}  yz* ½�A®


:A  uv¾`* ~ ��q:;  �a� Sno� :� h��  w

¿be�� 34�� (). ��o 	 À4�o� ��q:;y :�

h��
 �v �pE h-� wÁ«� �·��
 Â* �y�� (

� RuOx � T�� w¿be  KÃQ À4Ä��
 E).

¡�Å1  �©� �Æ� KÃA� RÇ�� NÈ �'� ´µ¶ (

�§, � Y�o ��Ç. �É�Æ� ÊËAN �©Q Ë-A� RÇ

�
 �Ì;�  E ÊË ^ �Ì Z��o ÍÍ  -� �Ë�� ?E

F� �Ì0Î* Ï�" Ð& b� �Ñ� Ò�'�, Ã-* �ÓÏA

B �5, �ÌY bek* ÔE ��� ÕË�
 �n �Ì� �µ� Ö

×ÉQ �-A®
 v0Î� ØÙ �ÌZ��o �Ú�* �b�; Û

� Ü#* ()[7]. Ý¥� yÞ� *yA� Þ�Ç�o� uO�o 

�ÆË-* �¾­ ßs &à� ÚpA� ÓÏA5, b�� �. �Æ

� KÃ­ p (). DE Þ�Ç Y�o � áXQ �©
 �yA� â

:Ç. ã- pm* ä�, pH, å� ^ O� g  æp� �� b�Q

Ã>­ p ()� v#* (�5, )� Þ�Ë-Ç� ç-èÇ, �é ê

�nÇ, �ëì í� ½aÇ g� ¨n KÃ î�* ÎÜn î���


�v �ïE RÇ�
 À4�� ()[8-10]. â:Ç. � á  pyÞ

� â:KQ ÝÖ0ð �  pT�� â:� ñ� RÇ� ;xA� (

). �Èw * RÇ�o� pyÞ� â:KQ ò�0, ò�!S� ó�

1È� yÞ  pH æ�� �� ��� ô
�  n, ã-¦ �Æk*

�AB Ö×¦ 4ÃQ �*�, KÃ¦ �Æk  b� �Ñ� ±5, �õ

öE ��  �Æ* �÷- ø* ñ�¶, be �� ^ ±;� LE Ã

>* �ù� ��¾Aú)[7]. ��o *ÈE Ü#� nÕ­ p (� �


� �Æ  KÃRÇ* @3A).

FG� w¿û} ±;  xûüe KÃÇ�
o ¸*±
�ëìÇ*

�Äý� (). * RÇ. W/O(Water in Oil) ̧ *±
�ëì«� (�

Þ�� ÝÖ��� yn0ð *�� ÝÖ v�
 AN xûüeQ K

ÃA� RÇ*)[11]. * RÇ�o Ë-�� xûüe  ±;� Þ� 

±;�  n þ��5, DE * Þ�  ±;� �¥h-K� ?E � 

ÿ¨(R)�  n þ�¦)[12]. ��o R�� æ�0��  n �Æ 

±;Q Ã>­ p ()[11-12]. '�¬' NÈ À4ek* )\E � 

^ � T��� ¸*±
�ëìÇ�  n KÃAú)� ��Aú�w

[13-18], ̧ *±
�ëìÇ�  n RuOx �Æ� KÃE �� øC). �

�o 	 À4�o� ��q:;  h- ��
 �y�� RuOx �Æ�

;�  â:ÇZ �
� KÃ RÇ� ¸*±
�ëìÇ�
 ÍÍ KÃ

AN � �-� ¨� Aú).

2. � �

2-1. ���� �� RuOx ��� 	


RuCl3 · xH2O(99.9%, Alfa)Q ½Xp
 �í0ð 0.1 M  RuCl3(x;

pH 1.90) pyÞ� s� � 250 mL  34 	�1±� 
� eí� �

Ý;Q �yn �O�o �Ý� 0�¥o â:K� NaOHp(0.3 M)Q

ooi ��0ð ª
 â:�* ã-�� pH 3.26 â:ÝÖ* �w �

��[� ���C)� ���� pH 12.5, ��� YÎÜ�
 N�'

� pH 7�o â:�� ÍÍ ñC). ã-¦ �. �  â:�� 8,500

rpm�o 30� f9 ���� 0ð â:s� ��E � â: Y  �N

NaOH6 Cl−*O� KWA; Sn ½Xp
 p¡E � 8,500 rpm�o

30�Î ���� 0ð â:� ñ� ¡� Ã�� 4� ³ Ý�Aú). ¡

�¦ â:�� �Ã;� 
� 100oC�o 240Î f9 �Ã0� � �

e�a
 �ÌAN û¡E �Æ� ñC). *�B KÃ¦ �Æ� ´j

ûw ��� 
� Ï�O�(150-300oC)�o 10Î êª�AN RuOx �

Æ� KÃAú).

2-2. ��
������ �� RuOx �� 	


¸*±
�ëì yÞ� sk; SE y�
� n-�U�, �¥h-K


� Aerosol-OT(Bis-dioctylsulfosuccinate sodium salt, 98%, Aldrich)Q

�yAú). RuCl3 · xH2O� Ï�å�  pyÞ�
 sk� �yAú�

5, RuCl3  ¸*±
�ëì yÞ. 0.2 M  AOT� Ñ7�� (�

n-�U yÞ� AOT� ?E �  ÿ¨(R)� 30* ��» 0.1 M RuCl3
pyÞ� ò�E � x
� ª�AN � yÞ� KÃAú). DE â

:K
� 1.0 M NH4OHpQ KÃAN �yAú�5, NH4OH  ¸*

±
�ëì yÞ. 0.2 M  AOT� Ñ7�� (� n-�U yÞ� AOT

� ?E �  ÿ¨(R)� 30* ��» NH4OH pyÞ� ò�E � x


� ª�AN KÃAú).

xûü â:� ñ; SE ÝÖ. RuCl3  ¸*±
�ëì yÞZ

NH4OH  ¸*±
�ëì yÞ� r. !!
 ÊË, 30Î �ÝAN

£"0#)[11-12]. ÝÖ* �P yÞ� &¡$� �n â:� ñC�

5, * â:� )0 &¡$� �E � x
� ª�AN sk�£ yÞ

� 8,500 rpm�o 30�Î �� ��AN â:� ñ� ¡�Ã�� 2�

³ Ý�Aú). ¡�¦ â:�� �Ã;� 
� 100oC�o 240Î �

Ã0� � �e�a
 �Ì0ð û¡E �Æ� ñC). *�B KÃ¦

�Æ� ´jûw ��� 
� Ï�O��o 10Î êª�AN RuOx�

Æ� KÃAú).

2-3. ���� ��

â:�  ê�n Z�� ´&�; SAN î; �S;�o %O  �

2 oC/min�
 600oC¬' TG-DTA�í(STD 2960, TA instruments)�

Aú�5 NÈÃ��o ñ�£ �Æ� ?E ��� 4ÃQ Ã�A; S

AN FTIR-Spectroscopy(FTS 155, Bio-Rad)Q �yAN KBrÇ�


400-4,000 cm−1  �S�o FT-IR �]�í� Aú). Í Ã��o Ë

-¦ �Æ  ¨¤¥�. Micromeritics�  ASAP2400� BETQ �y

AN 150oC�o &�y �Æ� degassing E � N2 gasQ '(0ð 4

Aú). DE KÃ¦ â:�  AVO� æ�� �� ã- �� L)A

; Sn X* �> �í;(D/Max-IIIB, Rigaku)Q �yAN �>Í 20-

60o �S�o X* �> �í� "Aú�, �Æ  +\, ±; ^ � �

Ñ�[� ��:e÷ûI(XL30SFEG, Philips)Z �Z:e÷ûI

(CM20, Philips)� *yAN L)Aú).

3. �� 	 
�

3-1. ���� �� RuOx ��� 	


�O�
 �'¦ RuCl3  pyÞ� NaOHQ 5 mL ÜS
 ò�, Ý

Ö0ð NaOH ò�z ½�� �� â: yÞ  pHQ Fig. 1
 wÁ«

Fig. 1. The variation of pH curve of RuCl3 solution as a function of the
volume of NaOH solution added during precipitation.
���� �40� �5� 2002� 10�
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C). â:K� NaOHQ �bA; : yÞ  x; pH� 1.9
 ÔT-

� wÁ«C�5, ÝÖyÞ� �Ý A¥o ÝÖ y;  � NaOHpQ

�b0�� �� pH 3¬' ooi ½�A)� � *� pH� ,�  

�
 ½�Aw pH 12� *-¥ � �% �� .��� ooi ½�A

ú). ��o â:ÝÖ. pH 3�o 12¬' ó  ÝÖ?Q �-A� �

� ´ p (). E· *�  â: ÝÖ� /n ã-¦ â:�. &� 

ÝÖ� wÁP �ª/ pT� j0à1(Ru(OH)3)�
 ��¦).

RuCl3+3NaOH2 Ru(OH)3+3NaCl (1)

RuCl3 pyÞ� NaOHpQ ÝÖ0ð pH 7  Ã��
 KÃE pT

�� â:  TG-DTA ê�í ÕZQ Fig. 2
 wÁ«C). Fig. 2  DTA

3*�o 90oC !G  'ê!±� '(p  4p�  E �*5,

300oC !G  aê!±� pT��  Õ�p� V5�¥o wÁw�

!±
 �©¦). pH 7  Ã��
 Ë-¦ �Æ  TG �í ÕZ� DTA

3*�o ´ p (6* 90oC !G�o !(p  4p� ;��� 50-

150oC !G�o �E Yz�VQ �ú). DE 200-300oC !G�o�

Õ�p  4p�  n Õ��� £"�¥o Yz* ±B �V�C�5

� � 600oC !G¬' ÝÖ Y� Z��
 ò�¦ NaOH (mp 318oC)

�n�  n Yz�V� � ��
 £"�C�, 600oC�o  :É Y

z�V� 14%ú).

Fig. 3. NÈ pH Ã��o â:0� � 100oC�o �Ã¦ �Æk 

�7* �]�í(FT-IR) ÕZ*). * �8�o 3,400 cm−19:  'p

?� ����
 H6 ÕËE ¤¥  OH;  +q£f�  E �*5,

1,640 cm−1 9:  'p?� ����
 ÕËE '(p  æÍ£f�

 E �*)[19-20].

â:ÝÖ� /n ã-¦ p�� â:(Ru(OH)3). êª� 0 4p q

Ë ÝÖ�  n Õ�- RuOx �Æ
 æAB ¦). p�� â:  êª

�� �� Õ�� Z�� �; Sn AVO� ½�� �� X* �> �

í� ù0Aú). Fig. 4� â: yÞ  pHQ 7
 AN KÃ¦ p��

â:� Ï�O��o 10Î AV0#� � AVO� æ�� �� X*

�> |;�
 100oC!} 200oC� Ø< êª�¦ �Æk. ¨���

� wÁ«w 225oC
 êª�E I� ¯E RuOx  Õ�* wÁw; 0

�AN 250oC
 êª� 0 =:i RuOx Õ��
 :H>� ´ p (

). E· * ÕZ� Zheng g[21-22]* pH 7  Ã��
 KÃ¦ â:

�� êª�AN X* �> !±Q &�E � 175oC�o Õ��� 0

�¦)� ���)� Õ�� O�� 50oC ?B ��§, *� Zheng g

  À4�o� %O  �� 10oC/min� Ý¥ 	 À4�o� 2 oC/min

�
 %O  �� o
 )-; �J�
 �©¦).

ã-¦ RuOx �Æ  be��, ±; ^ �Ñ�[Q =�A; SAN

�Æ ¤¥  û¡4ÃQ 100,000°  Ï�°m
 SEM� �yAN L

)Aú). Fig. 5� ÍÍ pH 3.2, pH 7, pH 12.5  Ã��o KÃ¦ â

:� 100oC�o 240Î f9 �Ã0� �Æ  û¡4ÃQ wÁ«5 ¡

I� +� 30 nm *�  ~ ±;Q @� �Æk* Ö×�� (� 4Ã

Q �N�� ().

Fig. 6. o
 )� pH Ã��o Ë-¦ � 100oC�o �Ã¦ �Æ

  BET ̈ ¤¥�� wÁ«� �8*). pH 7  Ã��o Ë-¦ �Æ

. 118 m2/g  ~ �� �� Ý¥, pH 3.26 pH 12.5  Ã��
 Ë-

¦ �Æ. ÍÍ 72, 67 m2/g  ¨�� �. ¨¤¥� �� �*� ().

*�. Ë-0 yÞ  pH� KÃ¦ �Æ  ¨¤¥�� ~ 9A� ûâ

�  ûE).

Fig. 7. pH 7  Ã��o Ë-¦ � NÈ O��o êª�¦ �Æ 

¨¤¥� æ�Q wÁB �8*). ̈ ¤¥� æ�� 250oC�o êª�

0 ó
E �VQ �*� §, *� Fig. 4  XRD ÕZ�o wÁw6*

250oC�o �Æ  Õ��� Ï�w be  ±;� -vA; �J�


�©¦).

3-2. ��
������ �� RuOx �� 	


Fig. 8. ¸*±
�ëìÇ�
 KÃ¦ â:�  ê�í ÕZ
 DTA

3*�o 200oC !G  ~ aê !±� Ë-¦ �Æ  ¤¥  ;î�

�� (C �¥h-K� AOT� �n �¥o wÁ«� !±*)[12]. D

Fig. 2. TG-DTA curves of ruthenium oxide powders prepared by pre-
cipitation method at pH 7 and dried at 100oC.

Fig. 3. FT-IR spectra of ruthenium oxide powders prepared by precipi-
tation method at different pH and dried at 100oC.

Fig. 4. X-ray diffraction patterns of ruthenium oxide powders prepared by
precipitation method at pH 7 and calcined at several temperatures.
HWAHAK KONGHAK Vol. 40, No. 5, October, 2002
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���
����
E * !±� 230oC !G�o aãA� pT�� �[  �Æ* Õ�

��¥o wÁw� ¯E aê!±6 D<¶ wÁw� ��
 �©¦).

E· TG3*. * � �  aê÷�� ;��� 150-250oC �*�o

� AOTKW�  n Yz�V� ±B wÁw� 250-550oC¬' Õ�p

  4p�  n Õ��� £"�¥o 250-550oC�*�o 10%  Yz

�VQ �*� (). 550oC¬'  :ÉYz �V� â:Ç�  E �

Æ�) ¼o 28%Q �*� ().

Fig. 9� ¸*±
�ëìÇ�  n KÃ¦ � 100oC�o �Ã¦ �

Æ  TEM �£�
 ?E 1.7 nm±;  ÓÏE ±;Q @� �Æk*

ã-�C
� �N�� ().

Fig. 10. ¸*±
�ëìÇ�  n KÃ¦ � 100oC�o �Ã¦ �

Æ  SEM �£�
 15-20 nm  FI� �*¥o, o
 Ö×�' Ð.

4Ã  RuOx w¿be� KÃ�C
� ´ p (). â:Ç�
 KÃ¦

�Æk* 30 nm *�  ±;Q �*5, o
 Ö×�� (� 4ÃQ �

*� �Z ¨�­ � ~ $*Q �*� �� ´ p ().

Fig. 11. ¸*±
�ëìÇ�  n Ë-¦ �Æk� NÈ O��o

êª�E � ¨¤¥�� &�E ÕZ*). * RÇ�  n KÃ¦ �Æ

k  ¨¤¥�. êª� O�� ±B  �Aú�5, 100, 150oC�o�

50 m2/g*A  G. ̈ ¤¥� �� �*), 200oC�o �v ~ �� �

ú). *�  ¨¤¥� �. 160 m2/g
 '�¬' JH��o �� ¦

�v ~ ¨¤¥� �� 120 m2/g �)[21] ³ ~ ¨¤¥�� �ú).

200oC�o ~ ¨¤¥� �� �*� ��. Ë-¦ �Æ  ¤¥  ;

Fig. 5. SEM microstructures of ruthenium oxide powders prepared by
precipitation method and dried at 100oC. (a) pH 3.2, (b) pH 7
and (c) pH 12.5.

Fig. 6. Specific surface areas of ruthenium oxide powders prepared by
precipitation method at different pH and dried at 100oC.

Fig. 7. Specific surface areas of ruthenium oxide powders prepared by
precipitation method at pH 7 and calcined at several temperatures.

Fig. 8. TG-DTA curves of ruthenium oxide powders prepared by mic-
roemulsion method and dried at 100oC. 
���� �40� �5� 2002� 10�
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0).

s,”

m

î� �� (C �¥h-K� AOT� * O��o �n� �� �� 

;î* ���¥o ~ ¨¤¥� �� �*� ��
 �©¦). * ÕZ

� I  Fig. 8  ê�í ÕZ6 J Ï"�� (). E· * �8�o�

250oC *�  O��o êª� 0 )0 ¨¤¥� �* �V�� �.

¨���[  �Æ* Õ��>�  n Õ�±;� -vn ¨¤¥� 

�V� Ï�K; �J�
 �©¦).

 

4. � �

RuCl3� La��
 AN â:ÇZ ¸*±
�ëìÇ�  n ÍÍ

RuOx �Æ� KÃE ÕZ )
Z r. Õ�� ñ� p (C).

(1) â:Ç�  n ñ�£ �Æk. ¯ 30 nm *�  ~ ±;Q @�

�Æk* Ö×¦ û¡4ÃQ �ú). Ý¥ ¸*±
�ëìÇ�  n K

Ã¦ �Æ. 15-20 nm  FI� �*¥o o
 Ö×�' Ð. û¡4

Ã  w¿be� KÃ�C).

(2) â:Ç�
 KÃ¦ �Æ  ¨¤¥� �. Ë-0  pH�� ±B

 �A5, êª� O�� �� �VA� IA� �N 200oC�o êª

� 0 90 m2/g  ¨¤¥�� �ú). ¸*±
�ëìÇ�  n KÃ¦

�Æ  ̈ ¤¥� �� êª� O�� ±B  �Aú�5 200oC�o �

v ~ �� 160 m2/g� �ú�§ *� '�¬' JH�� �� ¦ �v

~ ¨¤¥� �� 120 m2/g�) ³ ~ ¨¤¥�� �ú).

� 
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