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. �

j;î �rª Özbj ÒÏ� >¢¶N�V¢ BB~&
. â"z�rª >zb(RuCl3ÁxH2O)�¦V B�� j;î~
�Öz�rª >zb(RuO2ÁnH2O)j ÒÏ~� >¢¶N�V *�j B�~&
. ÷*Ú�º �æª 5 STS 304 ;ï
ö j� �
 9f **cj &æº êî� ;ïj ÒÏ~&
. B�� *�" 4.8 M �Ö *��j ÒÏ~� >¢¶
N�V¢ B�~&
. *�~ j;*Ïïf B~***~ªCöB �ª �& 8b� Öz 5 ~ö "; '' 710 5
645 F/g-RuO2ÁnH2O�îb�, ï�8f 521 F/g-RuO2ÁnH2Ob� ¾æÒ
. >¢¶N�V¢ �z���V&*�ö &~
� 0.5 V� protonation levelj �;~�, ÏO* �þ� :, 151 F/g-RuO2ÁnH2O~ j;*Ïïj ¾æÚî
.

Abstract : A supercapacitor was developed using an amorphous ruthenium oxide material. The electrode of
supercapacitor was prepared using an amorphous ruthenium oxide, which was synthesized from ruthenium trichloride
hydrate(RuCl3ÁxH2O). Thin film of tantalum was used as a current collector because it had wider potential window
characteristics than titanium and STS 304 materials. A supercapacitor was assembled with ruthenium oxide as an elec-
trode active material and 4.8 M sulfuric acid solution as an electrolyte. The specific capacitance of the electrode was
tested by a cyclic voltammetry using a half cell. The maximum differential specific capacitances during the oxi-
dative and the reductive scans were 710 and 645 F/g-RuO2ÁnH2O, respectively. The average specific capacitance was
521 F/g-RuO2ÁnH2O. The assembled supercapacitor was protonated to the potential level of 0.5 V vs. SCE. Super-
capacitor, which was adjusted to the appropriate protonation level, had the specific capacitance of 151 F/g-
RuO2ÁnH2O based on the concept of full cell.

Keywords : supercapacitor, amorphous ruthenium oxide, sulfuric acid, vapor growth carbon fiber, super p black, tantalum

1. B �

:æ^ VF� B*~�B Z&�, �Þ§PC, Æzz, PDA
� ;�Û�VV~ >º& /Ã~� ®b�, �
 VV~ >�
'� �ÂK ¦~º *æZ² 5 size Ã&f *æ>«�»~
ö�� >æ� �ÂK&ê ßWj <º î�Ú Bv~ Z&V
VÏ *öË~~ BB� jº~
1). �ÂK&ê~ supercapacitor
f �ö.æ&ê~ 2N*æ¢ hybrid�B, �³'� ö.æ�/
f 2N*æ& ��~�, >�'� b�ÂKf supercapacitor&
��~� 2N*æ~ �V6²f >«�Ë~ Î"¢ ¾æâ >

®
. � hybrid ö.æöj *� hybrid *öË~Ï �ÂKß
W~ supercapacitor VFBB� jº~
1).

Supercapacitorº *�Òòö V¢ �Wê²ê, *êW�ª¶
ê 5 .³Özbê� ª~ � > ®
. �Wê²ê super-
capacitorº &*~;~ memory backupÏb� ç®z >îb�,
�" ö.æ&êf ÂK&ê ßW~ Ëçb� 2N*æ~ Ïê
ö &� 'Ïj �ê~� ®
1). *êW�ª¶êº *êW �
ª¶ ¶Ú~ �z^B� �~� V. �� >&��2), .³Ö
zbê supercapacitorº �ÂKßWb� �~� �ÒÏb� B
B� �·>îb�3) && 5 �Ïï *�Òò BBö &� �
�& ê¯>� ®
.

Supercapacitorº ö.æ &Ë V�ö V¢B *Vz� �7
[ ¶N�V(EDLC)f &ç ¶N~Ê(pseudo-capacitance)� ª
~� > ®b�, C*~� *Vz� ¶N�V(EC, Electro-
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chemical capacitor)¢�ê �
4). *Vz� �7[ ¶N�V5,6)

º *�öB *¶'� *~~ bÒ'� ªÒf � ��öB �
>B *�îj �Ï~�, ·W¶~ �ÿö ~� faradaic >wj
�Ï~º &ç ¶N~Ê7) �
 Ôf j;*Ïïj <º
. .
³Özbê supercapacitorº *�Òò�B �*Özb8), zB
Þ Özb9) �� ��>� ®
. j;î �rªÖzbj *�
Òò� �Ï� ãÖ j;* Ïï� 760 F/gb� 
� *�Òò
¢ �Ï� supercapacitorö j� ú�® ¸f j;*Ïïj <
º
10,11). 
� ��öBº j;î �rªÖzbj *�Òò� ÒÏ� >
ê supercapacitor BBj *~� j;î �rª Özbj B�
~�, �¢ �Ï� supercapacitor B�~&b�, *�Òò, *�
B� ��, ÷*Ú 5 *��ö V� *Vz�' ßW� j;*
Ïï" ê*Òòö V� j&� ßWö &� Ö"�
. 

2. 
þ O»

RuO2(ruthenium oxide ; RuO2ÁnH2O) ªö Òòº RuCl3Á
xH2O�¦V, Fig. 1ö ¾æÞ .Nö V¢ sol-gel»b� �W
~&
. RuCl3ÁxH2O Òò¢ Ã~>ö Ï�~� 0.1 M ³ê~
RuCl3 Ï�j B�~&b�, B�� RuCl3 Ï�j v>~�B
0.3 M ³ê >Öz¾Þ� Ï�j ÂÂ® '&~� RuO2ÁnH2O
¢ �W~&
. Ï�~ pH& 7� >� '&¢ nº�, V� �
V 2.5µm~ �"æ(filter paper)� �"~� wï ªöj áî

. B�� wï ªöj Ã~>ö ªÖ~� 30ª* magnetic
stirrer� v>�Ê� �"~º ^;";j >² >��
. � "
;öB Òò 7~ "²�Nj B��
. 6{~öB 1 �* ÿ
n ��� ªöj Table 1~ ��b� �¾Ò~&
. �¾Òº
��V(JEIO TECH, FO-600M, (")B�JsÃ)¢ ÒÏ~&b
�, � ��öB~ Nê G;f �òf �þ *~� >fNêê
¢ ÒÏ~&
. �¾Òö V� 7ïjN~ æz¢ {�~V *
~� TGA ªCj ¯~&
.

*�Òò~ �¾Ò Nêö V� ßWæz¢ &V~V *~�
Table 1~ ��b� �¾Ò� *�Òò¢ XRD� ªC~&
.
XRD ªCf CukαF(40 kV, 30 mA)j �Ï~&�, 2θº 20~
90o, "Ò³êº 0.05o/sec~ ���î
. 
�rª Özb *�f *f ?� B�� �rª Özb Òò
¢ PVDF(polyvinylidene fluoride)~ Ö�B, VGCF(vapor
growth carbon fiber ; Showa Denko, graphitized, d002= 3.39 Å,
Lc = 400 Å, j��' = 13 m2/g, çã = 0.15µm, ^� = 10~
20µm) 5 SPB(super p black ; MMM Carbon, Belgium) ê
*Òò¢ ÒÏ~� B�~&
. *� B� ";f N-methyl-2-
pyrrolidone (NMP) Ï
ö PVDF¢ Ï��Ê�, PVDF Ï�ö
SPBj I�, 30ª* .r2ªêV� ªÖ~�, VGCF 5 �r
ª Özb(RuO2ÁnH2O)¢ I�, zirconia ballj �Ï~� ªÖ
�
. Òò~ b�j� RuO2ÁnH2O : SPB : VGCF : PVDFº 84 :
3 : 3 : 10~ 7ïj¢ V&b� ~&
. ê*Òò~ «~ö V�
supercapacitor~ &�æz¢ &V~V *~� jv �W *�j
RuO2ÁnH2O : SPB : VGCF : PVDFº 84 : 6 : 0 : 10 5 84 :
0 : 6 : 10~ 7ïj� B�~&
. b� ê ê�ç�öB Ò�Ò
ö ®º Ï� V�¢ î�~&
. vþ 25µm~ êîª (Ta)
÷*Úö 320µm~ slit vþ� ê�~�, 100oCöB 2�* ÿ
n ��~� *�j Bï~&
. *�j 2Ü2 cm2� B�~�,
110oCöB &�Á{O~� �rª Özb *�j B�~&
. 
*�Òò~ �¾Ò Nêö V� *�~ j;*Ïïf 3*�
~ >*æ¢ �Ï~� B~***~�þ»(CV ; cycl ic
voltammetry, EG&G PAR M273A potentiostat/galvanostat
and M270 s/w)b� ªC~&
. 3*� >*æ �Wf 4.8 M �
Ö *��öB W. ç&*�(3Ü3 cm2) 5 SCE V&*�j Ò
Ï~&
. B~***~�þ~ "Ò³êº 2 mV/sec��, **
º*º V�'b� 0~1 V vs. SCE &
. 
�Ö *��~ ³êö V� ßWf çV~ 3*� >*æö

0.1, 0.5, 2, 4.8 5 9 M �Ö *��j ÒÏ~� 130oCöB
�¾Ò~� B�� *�~ 3*� >*æ� B~***~�þb
� ªC~&
.

Supercapacitorº 2Ü2 cm2~ �*f� B�~&b�, �ãf
2B~ *�, Celgard 3501 ÏÒï 5 4.8 M �Ö *��j Ò
Ï~� �ã~&
. �ã� supercapacitor¢ *Vz�'b�
protonation~� supercapacitor¢ B�~&
. *Vz�'
protonationf SCE V&*�ö &~� ;*~ O*(W. ç&*
�)b� ¯~&b�, �ã çê ç�� B²�**(open circuit
voltage) 0.82 VöB 0.5 V� protonation~&
. Protonation�
supercapacitor¢ **�* 0~1 Vö &~� *~&ê 1, 2, 3,
4, 5 mA/cm2��b� ;*~ ÏO* �þ~� j;*Ïï 5
DC impedance¢ G;~&�, AC impedanceº 100 kHz~2.5
mHzræ~ "2> º*öB ¯~&
. 
� ��öB *�Òò 5 *�~ ��&Vj *~� SEM

(scanning electron microscope, S-2700, HitachiÒ)ªCj ¯~
&b�, *�Òò, ê*Òòf Ò�Ò~ «êªCf «êªCV
(zetamaster particle electrophoresis analyser, MalvernFig. 1. Reaction scheme for synthesis of RuO2ÁÁnH2O.

Table 1. Annealing Temperature Condition of RuO2 Preparation

Sample number c_ruo2_a c_ruo2_b c_ruo2_c c_ruo2_d
Sample RuO2 precursor
Annealing temp.(oC) 120 130 140 150
Annealing time (hrs) 17
Analysis  XRD
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Instruments Ltd.)j ÒÏ~&
.

3. 
þÖ" 5 �V

3.1. j;î �rª Özb~ B�
RuCl3ÁxH2O�¦V B�� RuO2 precursor¢ �¾Ò~�

RuO2(ruthenium oxide ; RuO2ÁnH2O) ªö� B� � �¾Ò
Nêö V¢B Ö;î" j;î� B
. �¾Òö V� 7ïj
N~ æz¢ {�~V *~� Fig. 2f ?� TGA ªCj ¯~
&b�, 100oCöB 10%~ 7ï6²& ¢ÚÒb�, 200oCræ
15%~ 7ï� 6²~&
. �ê 500oCræ~ 
þöB 6ê'
b� 7ï6²& ¾æ¾ £ 17%~ 7ï6²& ¾æÒ
. ��
� 7ï6² ãË" Zheng 5 Jow~ ��10)¢ ^�~� Table
1~ ��b� �¾Ò~� RuO2 Òò¢ B�~&
. B�� j
;î �rª Özbj XRD ªC~�, Ö"¢ Fig. 3ö ¾æÚ
î
. RuO2 Òò~ �¾Òö &� Zheng 5 Jow~ ��10)öB

º 150oC �~öB j;îj ¾æÚ�, 175oC �çöBº Ö
;Wj ¾æÞ
� ��~� ®b¾, � ��öB~ Ö"º
140oC �ç NêöB �¾Ò� Òò~ XRDº Ö;W �rª
Özb� �Ò�j ¾æÚ� ®
. 130oC �~~ �¾Ò Nê
öB j;î �rª Özb� ;WNj {�~&
. 

3.2. ÷*Ú~ F;
j;î �rª Özbj ÒÏ~º supercapacitorº >ê *
��öB protonö ~� pseudo-capacitance¢ ¾æÚÚ ¸f
j;* Ïïj ¾æÚæ�, ÖWb�B equivalent conductivity
& ¸f �Ö >Ï� (429.7 SÁcm2/eq.)� FÒ~
12). ÷*Ú
F;j *� 
þj 4.8 M �Ö *��j ÒÏ~&
.
÷*Úº *�öB �W/²j~º *¶¢ ÎjB �¦ ²��
*�� "º VËj �
. V¢B ÷*Úº ÒÏ ** º*öB
z� 5 *Vz� >w� ìÚ¢ ~�, *V*êW� Ö>~�,
&&ê~ Òò& :²ç~
. � ��öBº STS 304,
titanium(Ti) 5 tantalum(Ta) ;ïö &~� B~***~»b�
*Vz�' n;Wj �Ò~&b�, Ö"¢ Fig. 4ö ¾æÚî

. 3*� *æ~ �Wf SCE V&*�" Pt ;ï~ ç&*�
j ÒÏ~&
. STS 304, Ti 5 Ta foil Îv �Ö*��öB
ÒÏ� &Ë� ©b� {�~&
. STS 304º SCEö &~�
0.9 V º*ræ ÒÏ &Ë~
. Tif Ñ ®� cycleöB ÷*Ú
��ö ¦ÿ�¢ ;W~º ©b� ªC>�, Ta ;ïf SCEö
&~� -0.2~1.4 V º*öB *�� Ï
� b~ *Vz�' ª
�& ì� n;~&
. 

3.3. *�Òò~ �¾Ò Nêö V� *�~ j;*Ïï
Fig. 5 5 6f RuO2 precursor�¦V Table 1" ?� B�

Fig. 2. Thermal gravimetric analysis pattern of RuO2ÁÁnH2O
precursor.

Fig. 3. X-ray diffractions of RuO2ÁÁnH2O prepared at different
annealing temperatures.

Fig. 4. Cyclic voltammograms of STS 304, Ti and Ta. scan rate :
10 mV/sec.

Fig. 5. Specific capacitance of RuO2ÁÁnH2O electrode. potential
range : 0~1 V vs. SCE. scan rate : 2 mV/sec.
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� �rª Özb¢ *�Òò� ~� ò� 4«~ *�j B~
***~»b� �þ� Ö"�
. *�~ Òò b�j (RuO2Á

nH2O : SPB : VGCF : PVDF)º 84 : 3 : 3 : 10(wt%)�
. "Ò³
êº 2 mV/sec�B Öz 5 ~ö";öB �& �ª capacitance
º '' 710 5 645 F/g-RuO2ÁnH2O�îb�, 521 F/g-RuO2Á
nH2O~ ï�8j ¾æÚî
.

CVöB Ïïf M270 s/w¢ �Ï~� Q(�(i*dt))¢ á�,�
¢ � 1" ?� G; **º*(ÿV) 5 *�Òò 7ï(g)b�
¦V specific capacitance(F/g)j �~&
.

specific capacitance= (1)

Fig. 6ö j;*Ïï Ö"¢ «�~&b�, �¾ÒNê 120,
130, 140, 150oCö V¢B '' 405, 521, 448, 421 F/g-
RuO2ÁnH2O�î
. 130oCöB �¾Ò� *�ÒòöB &Ë ¸
f Ö"¢ ¾æÚî
. Fig. 3" 6j jv~�, �¾Ò Nê
120oC 5 130oC~ j;î �rª Özb *�Òò& �¾Ò
Nê 140oC 5 150oC~ Ö;î �rª Özb *�Òò�

j;*Ïï� ¸~
.

3.4. �Ö *��~ ³êö V� *�~ j;*Ïï ßW æz
Fig. 7f Table 1 7 RuO2-130 *�Òò� �Ï~� RuO2Á

nH2O : SPB : VGCF : PVDF~ 7ïjNj 84 : 3 : 3 : 10� B�
� *�j �Ï~� �Ö *��~ ³êö V� j;*Ïï~
æz¢ B~***~»j �Ï~� ªC� Ö"¢ ¾æÞ ©�

. �Ö *��~ ³ê 4.8 MöB &Ë ¸f j;*Ïïj ¾
æÚî
. 

3.5. ê*Òòö V� Supercapacitor~ &�æz
ê*Òòö V� supercapacitor~ &�æz¢ &V~V *~
� RuO2-130 *�Òò¢ �Ï~� b�j RuO2ÁnH2O : SPB
: VGCF : PVDFº 84 : 3 : 3 : 10, 84 : 6 : 0 : 10 5 84 : 0 : 6 :
10(wt%)~ 3&æ 
� jv�W~ *�j B�~&
. B��
3« *�~ SEM Òêj Fig. 8ö ¾æÚî
. Fig. 8a, 8b, 8c
'' RuO2ÁnH2O : SPB : VGCF : PVDF = 84 : 3 : 3 : 10, 84 : 6
: 0 : 10, 84 : 0 : 6 : 10� ~� B�B *�~ �� SEM Òê�

i d⋅ t( )∫
V g⋅∆

------------------- F g⁄( )

Fig. 6. Specific capacitance of RuO2ÁÁnH2O electrode as a function
of annealing temperature. scan rate : 2 mV/sec, potential range :
0~1 V vs. SCE.

Fig. 7. Specific capacitance of RuO2ÁÁnH2O electrode by the
variation of the concentration of H2SO4 electrolyte.

Fig. 8. SEM images of RuO2ÁÁnH2O electrode.
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. Fig. 8a~ ãÖ fiber~ VGCFö 
� bî� ¿Ú ®º
©j &V� > ®
. 3« *�~ B~***~�Ff Fig. 9f
?b�, ''~ j;*Ïïf 521, 410, 394 F/g-RuO2ÁnH2O�
î
. 
''~ b�j� ò
Úê *�b� supercapacitor¢ B�~
� protonat ion  ê supercapac i to r~ j;*Ïï 5
ESR(equivalent series resistance)j G;~&
. ;*~ ÏO*
�þö ~� supercapacitor~ j;*Ïïf *~&ê 1 mA/cm2

öB b�jö V¢ '' 151, 136, 126 F/g-RuO2ÁnH2O�î
b�, DC impedanceº O*.V 12 msecöB b�jö V¢
'' 1.24, 4.54, 4.95ΩÁcm2¢ áî
. Fig. 10f b�j
RuO2ÁnH2O : SPB : VGCF : PVDF = 84 : 3 : 3 : 10(wt%)ö ~�
B�B super-capacitor~ 1 mA/cm2öB Ñ ®� ÏO* cycle
j ���, Ñ ®� ÏO* cycleöB ÏO* ÎNf 84%&
.
Fig. 11f AC impedanceö ~� ESR¢ ¾æÚîb�, 1 kHz
öB~ AC impedanceº �öB ¾æÞ b�jö V¢ ''
0.66, 3.02, 2.73ΩÁcm2�î
. Fig. 11öB ê*Òò SPBf
VGCF& bÒB ãÖ *�&�¦ª� &V>æ p~�, real
part impedance& 0.66ΩÁcm2�î
. 
ê*Òò¢ SPBò ÒÏ� ãÖ supercapacitor~ real part

impedancef 4.48ΩÁcm2�î�, ê*Òò¢ VGCFò ÒÏ�
ãÖ supercapacitor~ real part impedancef 3.81ΩÁcm2�î


. V¢B ê*Òò�B SPBf VGCF& bÒB *�~
supercapacitor& j;*Ïï 5 ESR ßW� Ö>�j r >
®î
. 
�º Fig. 8aö ��º ©" ?� VGCFf SPB& bÒ�b
�B *¶*êã�& �
 ö�® ;W>Ú ®Ú j;*Ïï 5
ESR ßW� BFB Ö"�
. 

4. Ö  �

1. "z�rª(RuCl3ÁxH2O)b�¦V >Öz¾Þ�(NaOH(aq.))
¢ ÒÏ~� �W, ^;, �¾Ò~� �-º (sol-gel)»b� j;
î �rª Özb(RuO2ÁnH2O)j B�~&
.

2. Taf SCEö &~� -0.2~1.4 V º*öB �Ö*��~
*Vz�' ª�& ìÚ n;� ÷*Úªj {�~&
.

3. RuO2 precursor�¦V 130oCöB �¾Ò~� j;î �r
ª Özb(RuO2ÁnH2O)j B�~&b�, j;*Ïïf "Ò³
ê 2 mV/sec 5 **º* 0~1 V vs. SCEö &~� 521 F/g-
RuO2ÁnH2Oj ¾æÚî
. 

4. �rª Özb(RuO2ÁnH2O)j *�Òò� �Ï� super-
capacitoröB �Ö *��~ ³êº 4.8 MöB &Ë ¸f j;
*Ïïj ¾æÚî
.

5. j;î �rª Özbj *�Òò� �Ï� *� 5
supercapacitoröB ê*Òò�B SPBf VGCF& bÒB ãÖ
& SPBf VGCF& '' �ëb� ÒÏB ãÖö j� j;*
Ïï 5 ESR ßW� Ö>~&
.

6. RuO2ÁnH2O, SPB, VGCF 5 PVDF *�~ �Wj 84
: 3 : 3 : 10 7ïj� B�� *�~ ãÖ "Ò³ê 2 mV/sec
5 **º* 0~1 V vs. SCEöB j;*Ïï� 521 F/g-
RuO2Án H2O��, � *�b� B�� supercapacitor~ j;
*Ïïf *~&ê 1 mA/cm2öB 151 F/g-RuO2ÁnH2O-full
cell�î
. 

7. �Wj RuO2ÁnH2O, SPB, VGCF 5 PVDF~ *��W
j¢ 84 : 3 : 3 : 10 7ïj� B�B supercapacitor~ DC
impedanceº O*.V 12 msecöB 1.24ΩÁcm2&b�, 1 kHz
öB~ AC impedanceº 0.66ΩÁcm2�îb�, *�&�¦ªf
¾æ¾æ p~
. 

Fig. 9. Cyclic voltammograms of RuO2ÁÁnH2O electrode. scan rate :
2 mV/sec.

Fig. 10. The 1st charge & discharge profile of RuO2ÁÁnH2O
supercapacitor. 

Fig. 11. The AC impedance polt of RuO2ÁÁnH2O supercapacitor.



26 J. Korean Electrochem. Soc., Vol. 5, No. 1, 2002

^�^ò

1. Y. U. Jeong and A. Manthiram, J. Electrochemical Soc., 148(3),
A189 (2001).

2. Chang Soo Jin, Seong In Moon, J. The Institute of Electronics
Engineers of Korea, 27, 8, (2000).

3. Andy Burke, The fifth international seminar on double layer
capacitor and similar energy storage devices, Florida, 5, (1995).

4. Chuan Lin, James A. Ritter, and Branko N. Popov, J.
Electrochemical Soc., 146, 3155 (1999).

5. S. Arai, M. Inagawa, M. Ogawa, Y. Inoue, T, Saito, Y. Kibi, J. NEC

Technical, 52, 63 (1999).
6. W. J. Lorenz, Electrochemical Society Proceeding, 97-17, 167

(1997).
7. B. E. Conway, "Electrochemical Supercapacitors", 264, Kluwer

Academic/Plenum Publishers, New York (1999).
8. 10-1999-0039899 Korea patent.
9. Soo-Gil Park, Proceedings of The 3rd Supercapacitor Workshop,

KIER, korea, 59, (2000).
10. J. P. Zheng and T. R. Jow, J. Electrochem. Soc., 142, L6, (1995).
11. T. R. Jow and J. P. Zheng, J. Electrochem. Soc., 145, 49, (1998).
12. E. A. M. F. Dahmen, "Electroanalysis", 7, 16, Elsevier, Oxford

(1986).


