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(� ) ��	 
�� (�! �� *+,-, TGA, XPS, AES, voltammogram. 4CP 
�" TOC� /01��� 234

56. 78� 9:9 ;� Ir <&	 �� => ���? @
A 400-550oC� B� 650oC�� ��" ��C DE FG"

IrCl3� H
I IrO2� �J�K ��	 
� ��� LM��6. N� �� �� � Ti OOP3 <&4Q TiO23 �� *+

�� �P R<4� !� A� �� *+" ,- L3 ) �� S� T�� U=�V� 
WX TiO2-screening Y� Ti Z#

[ \] Ir <&	 �� Y ^!� _`�V� ab, ��	 
�cC de LMWX �f Ir <&	 ����" 4CP 
�c

g6 h 4i 0? L3Wj� , ��	 FG� k�!�! lfm ab RuO2 ����" ��	 
�c. no� ���

gj6.

Abstract − This study has carried out a performance improvement of IrO2 electrode for the purpose of organic destruction by

sintering the electrode at a high temperature, and the material, electrochemical, and organic destruction properties of the elec-

trode were evaluated by measurements of surface resitivity, TGA, XPS, AES, voltammogram, and TOC of 4CP destruction. A

sintering temperature of around 650oC rather than 400-550oC suggested in the literatures for fabrication of Ir oxide electrode

enhanced the organic destruction yield because IrCl3 of the precursor solution on electrode surface was sufficiently converted

to IrO2. An additional oxide layer between IrO2 layer and Ti substrate, to prevent a solid diffusion of TiO2 due to oxidation of

Ti substrate during high-temperature sintering, improved the organic destruction further so that the 4CP destruction yield raised

to about 4 times higher than that by the conventional Ir oxide electrode. The destruction yield of 4CP solution with chloride ion

at the improved electrode increased as much as that by RuO2 electrode in the same solution.
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1. � �

DSA(Dimensionally Stable Anode) ���� ��� �	
 ��


��(Catalytic oxide anode)� ��� �� ��� �� ���� ��

� ���, ���  !� "#  $%�& ��� ��' ��() *

� +��, -� ./0 12 3��, ��4 ��5� �* �6�&

��5� 78� ��80 9� :; <=� >
��� �? @A?


 B)
 CD' )E��, ���F�G 
, H�IJ �K B)


0 L�(Incineration)IM   3# NO P  Q� AR�& -� .

/0 �; S�T2 3U[1-14]. �;� �	
 ��
 ���,� Rutile

VW� �	 ��
X RuO2/Ti� IrO2/Ti� 4Y �Z��, RuO2�

�	� >
� [\] ���,&�  !� ^� _`, IrO2� RuO2�

�(: >
� U� a#\\] ��� bc��2  !� 	d "#

DSA ��� Ke� f$ .g�& IrO2 ��� hU i j+0 12

3U[10, 15-18]. k;� Ir ��
 ��� l  !�m �V(2 ���

��� �� �n� B)
 A?� �$� od� RuO2 ��0 f$(

� od� �(: �p q
�, B)
 A?rm RuO2, SnO2 ��� �
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(: stp �U[2, 18-21].

S_��, DSA 
u� �)�v� w
 x ��� >
 y)' h

�� voltammetric charge capacity(Q) z� ��� �� ��� Tafel

){) |0 4\2 }4(�[1-10] �~ �) �v� w
� [� �

�� B)
 A? 
u�&� [\ �� ��' hS   3��, \�

�\ ��� IrO2 ��� �W ��� B)
 A?' *� N� ��

�W W�� ��0 E LV�& �X(�U. ��& B)
 A?$ �

�0 �W() *?&� ��� �)�v� w
 � B)
 A? w


|� �I� }4� 6 ���,& �W 5#R �U.

E LV�&� IrO2 �� YgX l ���  !0 B\(`& B)


 A? 
u� RuO2 ��� K�(� cm' h�� IrO2 ���,


u0 �� () *� ��� �W ��� .(: LV(��� �'

*(: ��� �)�v� w
, ��� w
 � B)
 A? w
0 �

I� }4 (�U.

2. � �

DSA ��� ��0 *� Ti \\D� �)�v� w
 � ��� w


0 �c() *?& �m 99.4% }� <� 1 cm×1 cm×2 mm Ti'

f$(���, B)
 A?' *?&� 6 mm×12 mm meshX 2 cm×

4 cm×1 mm <� Madras Ti' f$(�U. E LV�& �� ��� f

$� Ti \\D ��� 61 1 oC K=� 35% ��� 1I¡ �b \\

D' ¢4  £(�2 �'  ¤/�W� 6 IrCl3 $%(0.2 M in 1 : 1 v/o

HCl), z� RuCl3 $%(0.2 M in 1 : 1 v/o HCl) |� precursor $%0

m¥(�U. }�< \\D� ¦� �� brushing §¨0 (���,

Madras <� dipping ��0 f$(�U. §¨� Ti� 5A¡ 90oC�&

�W' � 6 350oC�& 10A ��0 (2 N© ªA?' 400-700oC

�& �� (�U. k�2 ��
 §¨ «¬' W­() *(: *�

§¨� ��0 _®(���, �W� ��� §¨� ��
� ¯°'

�c() *(: �� �6� ��
� ¯° H�' �c(�U. ��


 �W �c� E LV� ±& �Z� ²³� K¤p )´5# 3U

[13, 14, 22, 23]. ��� �� Iµ� Z  ̀K=� XPS(X-ray photoelectron

spectroscopy: VG scientific ESCALB-200R), Z`�& ¶�� �· W


� AES(Auger electron spectroscopy: VG Microlab 300R)' f$(

: �c5¸U. Ru, Ir ��
� ªA? w
� TGA(Thermogravimetric

Analysis: TA instrument SDT 2960)0 f$(: }45¸U. ��� �

�� Z` ¹º� Sc ¡t� probe0 9� multi-meter� �? 10»

�K �c� 6 }¼½�, �c5¸U.

E LV�& f$� ��� w
0 h) *(: f$� �� ¾� 4-

neck flask� 10A¡ Ar� �� de-aeration� 150 ml� 0.5 M H2SO4 ¿

À f$(���, ÁW���,� SSE(Silver-Silver Chloride Electrode

with saturated KCl)' f$(���, �����,� SUS 3160 f$

(�U. �W� ��� :; 4\ �c �� Â¹ Ã 200 mV/sec jf

Äm, Å �* Æ*(+0.3~+1.3 V)�& Ã 5A cm �?¤Ç(electro-

cleaning)0  £(�U. �6 ��� �D�X �)�v� È�0 h)

*(: ��G  �4 ��5� �* ÉÊX +1.1 V~-0.45 V�&

potentiostat(Bas 100 W)' f$(: jfÄm 40 mV/sec, �Ë jf�

� �� i-E .Ì(cyclic voltammogram)4 �c5¸��, �� >
m�

jfÄm 40 mV/sec�, +0.3 V~+1.03 V�& �c� �(Í(voltammetric

charge: Q)0 ��(: �c(�U. ��� Î ���  !0 h) *(

: 2-�� Ì' f$(: 65oC, Ï� 1.0 M�& c �Ð 345 mA/cm2

' ÑÒ(`& ��� 10 V 5)�\� I¡0 ��  !�, (: �

Ó ½0 ��(�U. ��� B)
 A? w
0 h) *� ��� �

Z�X �ÔÕ 
Ö�� TiO2 ×�	 B)
 A? ���& }4 )Ø


Ö, -� f$5� 4CP(4-chlorophenol)' f$(��� �Ù $%

� 7 pH buffer $%(0.05 M H3PO4+0.05 M NaH2PO4)0 f$(���,

DSAG ���� ¡� ¡t� 5 mm' B\(�U. B)
 A?r� S

c� I¡ ¡t�, I�' ¿Ú(: $%Û� TOC(Total Organic

Carbon: Shimadzu TOC-5000A)' �c(: }4(�U.

3. �� 	 
�

\��\ �Ü@ ³Ý�&� Ir ��
 ��0 ��Þ I N© ��

ßm� 400-550oC' b à� á�, ��â 3U[1-10, 15-21]. �;�

��ßm� �� Z`� ¹º� y\ ���, �­� ��� >
0 B

\(� ßm� �? �c5� á�, ãc�U. Fig. 1�� Ir ��
�

�� �)�v� w
0 h) *�  �G �� ��ÉÊ Æ*�&

40 mV/sec� jfÄm' 4\2 �c� cyclic voltammogram� �Ü�

3U. ��ßm4 ä4Þ å voltammogram� �Ð� æ#q�ç �

� �� >
� è�é0 �ê�U. :)& P1� P2� ëyG P3� P4

� ëy� �� Z`� oxyiridium group� ��-Ëì ��(redox transient)

x, Ir(III)/Ir(IV)G Ir(IV)/Ir(VI)� �� á�U. Fig. 2�� �* ÉÊ

+0.5~+1.23 V(vs. SHE)�& jfÄm 40 mV/sec�& �c� cyclic

voltammogram� �A ½0 jfÄm, �í# Ì�� Ir ��
 ��

� �� voltammeric charge capacity(Q)� ½� �Ü� 3U. Q ½�

��� >
 g(active site)0 �c(� Ûî� ��� (�, :)&�

Fig. 1. Cyclic voltammogram of Ir oxide electrode in 1.0 M H2SO4 with
sintering temperature.

Fig. 2. Voltammetric charge capacity of Ir oxide electrode in 1.0 M H2SO4

with sintering temperature.
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��� >
� �� ßm� �� è�é0 ï   3U. Fig. 3�� ��

ßm� �· Ir ��
 Z`� ¹º ½� �Ü� 3U. Ir ��
 ��

� Z`¹º� 500oC ��\� 0.2Ωcm �(� ½0 h��, 550oC

�Kðñ� Òtp ä4(: 700oC�&�  ò Ωcm cm, ä4é0

ï   3U(:)& Z`¹º �c� S_�X multi-meter, �c5#

))� A?u Ù³� �có 0.2Ωcm �(� �c Z`¹º ½� �

� ½ hU ô0   3U). �á� �� ßm4 ä4é� �� 550oC

�K�&� \\D, f$5� Ti4 TiO2, ��5# Z` Ir ��
 õ

�, 2D ��5# �� Z`� ¹º� Òtp ä4() Ù³�, �

Î�U. �' �X() *(: 400oCG 600oC�& ��� Ir ��


Z`� XPS' �c(�2 �Ó ��4 Fig. 4� �Ü� 3U. 400oC�

& ��� Ir ��
 Z`�� 454.1 eV�& Ti 2p3/2� ëy� 	d Ã

(`& Ir 4p, 4d, 4f ëy� ö �÷5# 3\], 600oC�& ��� Ir

��
 Z`�� Ti 2p3/2� ëy� y° �÷(2 K���, Ir ëy

� æ#Ó# 3ø0 ï   3U. �;� ��� 2ß�& ��� Ti \

\D� RuO2�&m .ù�U[13, 23]. �;� Fig. 1-4� ��,] ï Ù

)ú� Ir ��
 ����0 *� �� ßm� Ti \\D� painting5

� IrCl34 IrO2, �Ë5`& �­� ��� �)�v� w
0 9�

x, �� Z` ¹º� 4u� �° B\5`& �� >
0 9° (�

ßmX 550oC�( ßm�& �c5� á�, �Î�U.

Fig. 5�� Ir ��
 ��� ��ßm� �· 4CP A?r� �Ü�

3U. B)
� A?� ±�& ûÒ� 550oC �(� ßm�& �W�

���&hU Ã 100oC �K ô� 650oC�& ��� ���&� A

?r� 4Y [ø0 ï   3U. �;� ìX0 ü!() *(: E L

V�&� Â¹ §¨� f$5� precursor $%� IrCl3G RuCl3� ªA

? w
X TGAG DTA' �c(: hý2 k ��4 Fig. 6� �Ü�

3U. IrCl3� od ��
�& ��
, �Ë5) *?&� 600oC �

K� 5#R é0 �   3U. TGA .g�& ï Ù Ir ��
 �� �

�0 *(: \��\ S_��, f$5� 550oC �(� ßm� IrCl3
' IrO2, �ËIT) *?&� �� ßm� �Î�U. _`� Fig. 6�

& �Ü@ RuCl3� RuO2 �Ëßm� Ã 390oC,&, S_��, Ru �

�
 ��0 ��() *? �I5� ��ßmX 400-500oC[1-20]�

RuCl3' RuO2�, þAp �ËIM   3� ßmÿ0 �   3U. �

�& ��ßm4 550oC �(�& �W� Ir ���&� B)
 A?4

650oC�& �W� ��� �(: �� á� 550oC �(� ��ßm�

&� þAp IrO2, �Ë5\ �(:  Û�,ðñ  �) �ß(OH−)

0 ��8� 7� >
  �)(OH*), ]Ó)[1-9] *� site� ðÕ�

, X? R)� á�, ãc�U. 700oC�& B)
 A?r� è�(

� á� Fig. 4�& ü!� áQ� Ti \\D4 2ß�& TiO2, �Ë5

# Ir ��
 �� Z`�, 2D ��� þAp ��#â -� IrO2�

>
 site4 ðmD 
ÖX TiO2 õ�, ��) Ù³�, �Î�U.

E LV�&� IrO2 �� �W I IrCl3� IrO2�, þAp �Ë5)

*� 600oC �K� ßm' f$(� od Ti \\D� ��G � ��

Fig. 3. Surface resistivity of Ir oxide with sintering temperature.

Fig. 4. XPS spectra of Ir oxide sintered at 400oC and 600oC.

Fig. 5. Destruction yield of 4CP for 2 hours by using Ir oxide electrodes
of 12 cm2 at 40 mA/cm2 with sintering temperature of Ir oxide.

Fig. 6. TGA and DTA spectra of IrCl3 and RuCl3.
���� �40� �2� 2002� 4�
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� �� Z`õX Ir ��
 õ�, ���� �· ��>
� è�

� Z`¹º� ä4� ³�g0 �®() *(: 2ß �� I ��5

� TiO2 �
 � Z`��0 ��() *� TiO2-screening õ� �4,

x Ti \\DG N© IrO2õ f�� ã4�X valve metal oxide õ0

�# IrO2 �� ��0 Im(�U. Fig. 7(A)�� S_�X Ir ��


��ßmX 450oC, 550oCG 2ßX 650oC k�2 TiO2-screening õ

0 4\2 650oC�& �� ��� IrO2 ��� 4CP A?r ��4 �

Ü� 3U. S_� Ir ��
 �� �� ßmX 450-550oC�& A?r

� Ã 5-6%�2 650oC�& ��� ��� 4CP A?r� Ã 12%, )

ú �� W��& ��� ��hU Ã 2	 cm A?r� ä4(��

�, TiO2-screening õ0 4\2 650oC�& ��� ��� A?r� Ã

22%, �hU Ã 2	 cm 
� ä4(�ø0 ï   3U. Fig. 8��

TiO2-screening õ� ú�� �· Ir ��
 ��� Ti \\D ��� �

� TiO2� Z`�, 2D��0 �� ��' h) *?, AES' f$�

TiO2-screening õ0 9\ �� Ir ��
� TiO2-screening õ0 4� Ir

��
 ��Z` 
ð� Ti, Ir � O� �m A¥' �c� ��4 �

Ü� 3U. TiO2-screening õ� �� 650oC�& ��� od Ti \\

D4 ��5# Z`�, TiO24 þAp 2D ��5# �� Z` ��

õ 
ð� Ir hU� Ti �m4 ôU. _`� TiO2-screening õ0 4\

� od� TiO2 Z`��� ��5# Ir �m4 Ti hU ô° B\�0

ï   3U. � TiO2-screening õ� ��' UI �X() *� XPS�

��4 Fig. 9� �Ü� 3U. TiO2-screening õ0 4� ��
 Z`�

&� Ti 2p3/2� ëy� �(: Ir 4p, 4d, 4f ëy� y° �÷5# 3

\], TiO2 screening õ� �� od� Ti 2p3/2� ëy4 K���,

y° �÷(� á0 ï   3U. z� Fig. 3�& h�� TiO2-screening

õ� �� od 650oC�& ��5� Ir ��
 Z` ¹º� Ã ∼100Ωcm

�¸��, TiO2-screening õ0 4\� od Z`¹º� Ã 10Ωcm �

(, è�é0 ����, .ù(�U. �;� ��Ó,ðñ Ti \\D

��� �� TiO2 ú�� �� Z` ¹º� i ÉÔ0 ØU� á� TiO2-

screening õ� ú�� 2ß ��I TiO2� Z` ú� Å0 y° è�

IT� á0 �   3U.

³Ý�� IrO2� RuO2� DSA ��� w
0 ��() *(: Ti \

\D §¨0 *� RuCl3� IrCl3� precursor $%� TiCl4' é¬ �#

450-550oC�& ��� 6 \\D Z`� ��
0 Ir� Ti �� ��


õ0 ]Ó)m �U[10, 15, 24]. k;�, Fig. 7�& 550oC �(� �

�ßm�& ��� Ir ��
 ��hU TiO2-screening õ0 9È� 9

\ �� K=� 650oC�& ��� ���& B)
 A?r� ä�(

� �B4 ��p Ir� Ti4 �X IrO2+TiO2 ��w
� �· á��2

�ÎÞ  m 3U. �' �X() *� Fig. 10�� IrCl3G TiCl4� �

Fig. 7. Destruction yields of 4CP for 2 hours by using several Ir oxide
electrodes of 12 cm2 at 40 mA/cm2 in pH 7 solutions with and
without chloride ion.

Fig. 8. Concentration depth profiles of Ir, Ti, and O components within
Ir oxide layers with and without Ti-screening layer sintered at
650oC for 1 hour.

Fig. 9. XPS spectra of Ir oxide layers with and without Ti-screening
layer sintered at 650oC for 1 hour.

Fig. 10. Destruction yields of 4CP for 2 hours using several Ir oxide
electrodes of 12 cm2 at 40 mA/cm2 in pH 7 solutions.
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y,”

y

.:
r� 5 : 5, 3 : 7X precursor $%0 f$(: Ti \\D4 ��5\ �

� ��ßm 500oC�& ��� ��0 f$� 4CP A?r� �Ü� 3

U. 500oC� ¹ß�& ��� �� Z`� TiO24 ú�(:m A?r

� IrO2 ]� ���&� B)
 A?r� È� ��4 �ø0 ï   3

U. �á� 650oC cm� 2ß�& ��� IrO2 ��]� B)
 A?

r ÔK0 hXU� á0 �ê(� á�U.

Fig. 7(B)�� 430oC, 550oC, 650oC�& ��� Ir ��
 ��� k

�2 TiO2 screening õ0 4\2 650oC�& �� ��� IrO2 ��0

f$Þ Ù, 1,000 ppm� Cl−0 éB� $%�&� 4CP A?r ��4

�Ü� 3U. RuO2 ��� A?r� $%� Cl− �ß� �� od 37.5%

cm��, Cl− �ß� éB� od� 58% cm, ÔK�U. IrO2 ��

� od \��\ ��� ��ßm 550oC �(�& �W� ���&

4CP A?r� Ã 5-7% cm�� E LV�& ]Ó#� 
u� ���

��0 �$� Cl− �ß� �� od 4CP A?r� 22%, ÔK52

Cl− �ß� ú�(� $%�& A?r� 57% cm�\ ä4(: RuO2

���&� 4CP A?r 
uX Ã 58% cm' �Ü
2 3U. $% Û

� Cl− �ß� ú�(� od �? _��c�& ����� Bf� o

,' È� �� _��� �� ��8� ô� :; >
 �� ��
�

�
5# B)
 A?' �� á�, ��â 3U[26-28]. Fig. 11��

Cl− �ß� éB� $%�& RuO2 ��� IrO2 ��0 �$� I¡�

�· 4CP A?r H�4 �Ü� 3U. RuO2 ���� TiO2 screening

õ0 9� �� 
u� ÔK� IrO2 ��� od Cl− �ß� ú�(�

$%�& 4CP A? Äm4 ä4é0 ï   3U.

(1)

(2)

(3)

(4)

(5)

(6)

Fig. 12�� 65oC� 1.0 M H2SO4�& 345 mA/cm2 �Ð�m' ÑÒ

(� K=�& �c� 430oC�& ��� RuO2 ��� TiO2 screening

õ0 4\2 650oC�& �� ��� IrO2 ��� ��  ! ��4 �

Ü� 3U. Ru ��� od Ã 10.6I¡�2 Ir ��� od� E LV

� �cI¡�&� ���  !0 �cÞ   �0 ]�  !� "¸U.

Ir ��� od �c5� ��� �Ó (fluctuation)� h�� ç ��

t!� gas ��� YI¡ f$� �?$%� SUS ø�� �Ë� �·

á�U. E LV��& "#� )ú Ir �� ��� o�� �ã# ï

Ù Ir ��� od� Ã 2,000 hr/mgIrO2 �K�, #K�U. �;� �

�,ðñ E LV�& B)
 A? 
u� ÔK� IrO2� ��� l  

!0 B\é0 �   3¸U.

4. � �

Ir ��
 ��� B)
 A? 
u0 ��() *(: )ú� ��$

% �� �W ��ßm Æ*X 400-550oC' à� 650oC cm�& �

� �� I Ir ��
� þAp IrO2, �Ë� 5# B)
 A? 
u0

ä�I&U. z� 2ß �� I Ti \\D ��
X TiO2� �� Z`

�, 2D ��� �� �� Z`� ¹º ä4 � �� >
 è�' �

�() *(: Ti ��G N© IrO2 ��õ f�� TiO2-screening õ0

4� od A?r� 
� ä�(�U. )ú Ir ��
 ��� 4CP A?

r� �� 
u0 ��� 6 Ã 3	 cm ä4(���, B)
 $%�

���ß� ÑúÞ od RuO2 ���&G Bf� B)
 A? 
u0

h�U. B)
 A?' +��, (� �	
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