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� �

���� ��� ��� 	
�� �� ��� ��� ��� ��� �� � �� ��  !"#$%. Ti &&'�

Ru, Ru-Sn, Ru-Sn-Ti ��() �*+, 
-�. ��� �/�) 0 � 12 34  !"#$�5, �6�7, 89 :

; � ���� �� <=) >�?@A5 �*B ��� CD A& �E�, ��� �F � GH�F� IJK; L  TGA,

AES, XPS, EPMA, SEM MEN tape testO PQ+C R-#$N, �� ��� S�) TU +, �� VW� ����

�� <XY=(degree of non-stochiometry)  R-#$%. Z� Ti &&'� �6 [\A �� �* �/�
, ���

morphology, GH#, ���� X� ]^) _`5, ���a� ��b 89 :;� cd >�+5 600 oC  ��, <

XY� ���� MO2-x(0<x<1)  e�+, ) f�+g%.

Abstract −−−− Fabrication and material properties of the catalytic oxide electrode, which is known to be so effective to destruct
refractory organics in aqueous waste, were studied. A method to enhance the fabrication reproducibility of the oxide electrodes
was tested for Ru, Ru-Sn, Ru-Sn-Ti oxide on the Ti substrate, and various physical and material characteristics of the oxide
electrodes and an adhesive degree of the oxides to the substrate were examined with changes of sintering temperature, com-
position of metal oxides, and etching condition, using TGA, AES, XPS, EPMA, SEM and a tape test. The degree of non-sto-
chiometry in the oxide, being attributed to the catalytic property of the oxide electrode, was evaluated. The etching condition of
Ti substrate was found to have a severe effect on the fabrication reproducibility, the surface morphology, and the amount of
oxide coated on the substrate of the oxide electrode. The metal oxide sintered below 600 oC was confirmed to have a non-sto-
chiometric compound of MO2-x (0<x<1). 
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1. � �

���� �� ��	 
�� � ��	 �� ��� �� ��

�� �� ���� �� !	 "�#� $�%& '(�� �). �

�$	 ���� *+,� -. �/ 01(incineration)%� 234 5

6 �789 0:8 ;<� �=> ?�, �@ AB �C� ��2B

� D5E � �FG, HIJ �KL(halogenated organics)� M4 N

# O L� POQ -.�� �=> ?)� RST �). ��$	

O L� ULC� VW �X�(biocompatible) ��� -.� ULC

� ��� �Y -Z��� [\ 23� �]^, O L� N#_ �

]`G aVW#(refractory or non-biocompatible organics)� -.�

� b �C� ��� c) ���� dFI RST �)[1-10]. b 
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�C� O L ���e� *f, �g \b, hi� ��L jU, k

�� �l � L_ jUmn � �� �CZ	 o�� p)� d�

q YrFI st �� �� u4 0v� wxy_ $zFI �{�]

� �)[3-10]. �|�FI O L	 b �C� �� m �'V	 O

 L4 �1� jU�� b} b�e VWQ)� %G, ~Z�FI O

 L ��	 �,, O L �����e b���� U#�� N# O

 L� 	� b� �#	 �1, k�� b� ��	 5W �� <Z�

�� b  �C�� 23	 ��� D5� *W�� �). k�G 70

�� �� �� �jQ �5# ��# ��L b�(catalytic oxide

anode�� dimensionally stable anode)4 �1 jU� �� �b��

8�� �F�, �1� jU�� b} b��e jU�� hi� ��

i_ �� �� ��	 �#�1� 	W  �� <Z� ��� b�

��� b� N# O L ��, ����, �� �� �	 O L �

�/   �FI ���¡19 LI ¢�m£ O L_ 01(in-

cineration)mn � �� dFI RST �F�, �� ��� b�4 �

� ��� ¤¥	 ¦§¨ ��e ¤� ©� b�� 8W �. �ª

«¬ b#_ O]H � �� � b�FIe ®#� ¯�G aVW#

O L VW��� ���� dFI RST �)[4-10]. 8° b  �

C�� 23� .�� Yr� �]^ ±� ��(anodic oxidation)�

	� O L	 ²b ��� ³] ?�, �� �´] 1µ, b¶ �·�

�e, ��� �� �F¸I ¹- º� �K%� ULC�FI ³&

VWE � �� �º �,I O L	 'V� ��/ m»� 23�

¼� D5Q)[2]. ��# ��L b�FI� rutile v½	 �� ��

L� RuO2/Ti� IrO2/Ti� �Y �����, �¾ ©� ��L ��^

FI ^¾�x b�4 Ym¿ D5m 5W�� b�	 �#_ O]

H � p�, �¾� PÀ �Á� b� �#_ O]%�e Ym¿	 b

� �Â_ � � �& c½ ©� ��L Ã, b� ��L ¬�ZG

½=ZI D5�� Sn, Ti, Ta, Ir(RuO2	 -.) �� PÀ D5Q). ]

©Ä] �� ÅÆ� �:� u� j��� �]^[1-15], Z½ ���

�§ b� ®# ¢�9 Ç:� År�e b�	 �#_ �È�FI É

Â%� Ê<4 �. �4 ~��). �§e   0v�e� Ë* b�

ZÌÍ�� Ir� 8%� 10Î �%� Ru� c½ZI Sn� Ti/ D5

� ÏK ��L/Ti b� ZÌm b�	 ÇÐ#_ Ñ�  }� �Ò 2

3� ZÌ ¢�I 1Ó f,9 ��L	 ½# 8·� �� ZÌQ b

�	 �� �] L��,Ç:� # ¢�/ TGA, AES, XPS, EMPA,

SEM k�� tape test� 	� ��L	 ÔÕh, Ö�/ ¼W ZÌQ

b� ®#_ Ö�%×�, �� b�	 �#_ �& %� b� ��	

����L	 8 ±|·(degree of non-stochiometry)_ Ø�%×). 

2. � �

  0v�e b� ��L ZÌ� D5Q mÙ4 µÚ G.R ÛFI

RuCl3(Adlich), TiCl4(Yakuri Chem.), SnCl2(Mallinckrodt)_ D5%×

F�, 56_ ^¾`G Ti ]]� ¦Ü_ }� L4 2l 
¶9 �f

�¹�](Mill-Q plus)/ `� b,#� 18.2 MΩcm� Ý Þ�/ D

5%×). �5# b�	 ]]�I� Þ, 99.4% ß  2 cm × 4 cm ×
2 mm Ti/ D5%×). 

Ti ]]� ��	 ��4 ÇÐ# �� b�_ ZÌ%�à �� u4

áâ_ º)� d_  Ý~ã_ ¼W ä���  ;<� ��L åæ

bÄ] Ti ]]�� �� Íç� `è b�� ��). Ë* mé4 ¦

� 6_ PO� 80 oC	 Ýêë ¦Ü �e 30V¿ ¦Ü, ì¦í 56

� 	� ¦Ü, 
¶�I �î ¦ÜQ �, Tri-chloroethylen�e 24m¿

�� ï](degreasing)��). ¦Ü� �{�x � Ti ]]�� f,/

½=H � �� �$ Çð 8�ñ� ò�T �Ò� �ó��). ¤�

�FI �� ��L b� ZÌ� ÅÆ� �'V	 <ô�e Ti �Ò_

}W õö÷ �_ D5%G,   0v�e� �� ø	  Ý ~ã_ ¼

W õö÷ �� 	� Ti ]]� �Ò m Ti ]]�� precursor 56

� ,ù � 1ÓQ b� �� ú� ÇÐ#� û�ü_ Åý%�, �/

�Ï%  }� 2¬FI õö÷ � �Ò �ú� Ti ]]�/ c) h

i%& �Ò mn � �� ��, PÀ D5%� ((	 �Ò 23�

	� b� ®#_ 8�%×). õö÷ � �Ò4 Ti ]]�/ 86þ1 oC

��	 10 wt% +,	 õö÷ �� 1m¿ «¬ ÿ� �ó%×�, ��

�Ò4 Ti ]]�/ 61þ1 oC ��	 35% ��� 1m¿ «¬ ÿ� �

ó%×). �Ò ��� )m Ti ]]�/ Ý Þ�� 	� 3î ��	

¦Ü� Ù 1m¿ �,	 Ýêë¦Ü � 	W )m ¦Ü%×). �Ò

� ¦Ü� �*� �{�]] ?ì �ÞL� ��� �Ç%� -. 1

Óm b�	 µ±� �. ���� �_ �& �_ ÅýH � ��). 

�  23FI ½z��& b�� Q Ti ]]�� RuCl3 56(0.4M

in 1 : 1 v/o ��), TiCl4(0.4M in 1 : 1 v/o ��), SnCl2(0.4M in

1 : 1 v/o ��) (( �� �¾	 	K56_ ,ù%×). Ö
 ]]�

� ÐÇÄ]   0v�e �4 Ó�I� �� 	� åæ� �Y ¤

%×). <ô� G�a Ti ]]�� åæQ ©� ��L_ �VW ��

m»� 234 �� �]� �� k 23� ½©� )�).   0v�

e� �  precursor 56_ 60 oC V} �e brushing%� �/ 10

V¿ 90 oC�e ½/ � � 350 oC�e 10V 1Ó_ %� s¥ �

VW/ 410 oC�e 1m¿ ���%×F�, 1Ó f,	 áâ_ c 

}We� ��� f,/ 410-650 oCI ¢�m�). ]]� ��	 �

�L åæ ÚÀ/ 
�m»  }We� }	 ��_ �Ï%� b�_

ZÌ%×). ZÌQ b� mé	 L�, �C� ®#, 1ÓQ � b�	

morphology, b� ��	 ½#, b�	 �# ¢�/ c  }W )±�

23FI b�_ �È, �# V�%×). Z½Q b�	 �� Mor-

phology� SEM(scanning electron microscopy : JSM-5200),b� ��

	 ½#4 XPS(X-ray photoelectron spectroscopy : VG scientific ESCALB-

200R), ���e ��� �� ½#4 AES(Auger electron spectro-

scopy : VG Microlab 300R)� RBS(Rutherford Backscattering spectrometer :

NEC 3SDH), �� �'	 ½#4 EPMA� 	W Ø���F�, ZÌ

Q b�	 �� *�4 ¤� ¿g	 probe_ �� multi-meter� 	W

Ø���). �� Ti ]]�	 �Ò b�	 �& � �ÒQ mé�

precursor 56� åæQ � 1ÓQ �&/ Ø�%� �Ò	 �, �

Ti ]]� �� }	 ��L	 �& ¢�/ Ø�%×). k�� åæQ

L� Ti ]]�� ��G � ÔÕ��G/ c  }W Ç: Ø�_

}� ASTM	 D330(Method for Peel Adhesion of Pressure-Sensitivity

Tape of 180o Angle)� D3359-89(Test Method for Measuring Adhesion

by Tape Test)[11]23� �§ 0.5"��Â pressure-sensitive tape(3M)

_ D5%� �� ��L	 ÔÕ h,/ Ø�%×).

3. �� 	 
�

3-1. �� ��

�� ø	  Ý~ã_ %� Ti ]]�	 �Ò ��� �§ b�	

½,(roughness)� �§]� �� �§ Ti ]]� ��	 åæ�� �

� ��L	 ±� ��L	 �� ��(morphology)� �§]� ��

��L	 ÔÕ h,� �§]� d_ Åý%×). ]]� ��� �Ç

%� ��L	 ±� �� morphology� b�	 �#� b� �Â�

q áâ_ ��). �§e   0v�e� Ë* Ti ]]�/ õö÷ �

� ���e �Ò � �¾	 morphology ¢�, åæ Q ��L	 ±,

ÔÕ h, �_ 8�%� c�). õö÷ �� ���e (( 1m¿

�ÒQ Ti ]]�	 SEM Dx Ó�� Fig. 1� G�G �). 

õö÷ � �Ò_ %� -. �Ò � ���  4 ©� Ti	 ��

G�GG, ��	 -.� �Ò � ��� î�FI ¢��� d_ !
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� ��). �� �� �Ò � �� �4 �Ò 56 '" �8 ��

�� Ti ]]�	 �� 8� �§ )1 ¢��, Åý H � ��).

�d4 �� �Òm 5W�� U#Q Ti �f� �1�f� �#%�

titanium hydride(TiH2)� ��� �#�  ;<FI D:Q)[10, 12,

13]. õö÷ � �Ò	 -. b��FI Ý  Ti ú� Ã, Ó� $ç

/ O]%� �'I �Ò� 	W ��� ��]� d� k;	 �Ò	

ÚÀ� Ù 3-4 µm �, �_ ! � ���, ��� ��� 	� �Ò

4 Ti b��e Ó� $ç� µ%W]� ��� c) ¤%� �&

�Ò�� Ù 8-9 µm �, ��Ä] �Ò�� d_ ! � ��). 

Fig. 2�� õö÷ ��e �Ò m¿� �� Ti ]]� �& ¢�·

� G�G �). 10î �� �ó%� Ö%� &4 ��� õö÷ �

� 	� �ÒQ �,� 1m¿� �& �1� (( 1.34 wt%(7.08 mg/

cm2·hr)9 0.48 wt%(2.57 mg/cm2·hr) �,I ��� 	� Ti �Ò �

,� Ù 2.79Î Ñê_ R � ��). Precursor 56_ �ÒQ Ti ]

]�� ,ùm, õö÷ � �ÒQ dc) �� �ÒQ Ti ]]�� '

¤%& � ,ù�_ ~ã�FI ÅýH � ��). �� �ÒQ Ti

]]�� precursor 56_ (H ; ��FI �ÒQ -.� c) u

4 �¦� )� uì 56_ (H ; µ¦Å Ð�� 	W 56	 �

�� �� wet ability� *ìT ¤%& ,ù�  ;<FI U(Q). 

Fig. 1. SEM micrographs of the Ti substrate after etching in oxalic acid and HCl.

Fig. 2. Weight loss of the Ti substrate after etching in HCl and oxalic

acid with etching time.

Fig. 3. SEM micrographs showing the crack patterns of the oxide after sintering at 410 oC on the Ti substrates etched in oxalic acid and HCl.
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Fig. 3� 4�� precursor 56� (Wx � 400 oC�e 1m¿ 1Ó

Q mé	 bÍ� SEM Dx� G�G �). õö÷ ��e �Ò�

-.�� Crack	 µ±� Fig. 1�e c�x �Ò Ó�� �§ Ó�

$ç ¬+FI �� ëx ,¿ �I precursor 56� µ�T 1Ó�

� crack� --� Ù 10 µm ��	 �¤� �� µ±(semi-circle

pattern)FI �#�_ ! � ��, �� �Ò_ %� -.� �Ò�

Ó� $ç vV� p� c) ¤%& �� �� precursor 56� �

�� ¤%& ,ùQ ���e 1Ó�� crack� 5-7 µm �,	 g

� �. µ±(check pattern)FI j�P_ ! � �). 1î åæ m

©� ��L åæ ÚÀ� Fig. 4�e c/� Ý  �ÒQ �	 �� ½

,(roughness)� ß& áâ_ 0ì �� �Ò_ � -.� ��L 1

ÚÀ� 8-9 µm�� õö÷ � �Ò	 -.� 3-4 µm �,� �_ !

� �). 

3-2. Painting ��� �	
�� � ��� �� morphology 

b� �� ��� b� ��� 2Ô� Åç� �� 3I b� �#

� q áâ_ 4 � �� b�	 L�� h,�, áâ_ 4 � �F

¸I �� �� �	 �4 Åý� "�%). �§e Ru ��5	 �

v#_ Ñ�  }� c½ #VFI o��� ((	 Sn� Ti� �¾	

	K ½#� �� morphology� �6� áâ_ �>��/ c  }%

� Ru-Sn, Ru-Ti, Ru-Sn-Ti painting 56�e Ru/Sn, Ru/Ti, Sn/Ti

8·	 ¢�� �� 410 oC�e 1Ó � �� ��/ SEMFI Åý

%×F�, �/ 8� Ö�� Ó�/ Table 1-3� G�7). ��e 1	

	�� crack µ±� Fig. 3	 (b)G (d)	 g�µ±(check pattern)

crack ����, 2	 	�� (a)G (c)	 ��µ±(semi-circle pattern
Fig. 4. SEM micrographs of the cross-sections of the oxides after sinter-

ing at 410 oC on the Ti substrates etched in oxalic acid and HCl.

Table 1. Morphologies of Ru oxides by SEM after sintering at 410 oC for 1 hr with changes of etching condition and nominal ratio of Ru to Sn in

precursor

Nominal Ru/Sn 
in precursor solution

100/0 80/20 60/40 40/60 20/80 10/90 0/100

HCl
etching

Morphology(Crack size)
(*Crack shape)

 >10 µm
1-clear

~6-7 µm
1-relatively clear

~5 µm
1-clear

~5 µm
1-clear

~6-7 µm
3-unclear

3-unclear <10 µm
1-relatively clear

Oxalic acid 
etching

Morphology(Crack size)
(*Crack shape)

 ~10 µm
2-clear

~10 µm
2-relatively clear

2-relatively 
clear

2-relatively 
clear

3-unclear 3-unclear 3-unclear

*Prefix number (1: Mud-check pattern, 2: Semi-circle pattern, 3: Compact pattern) 

Table 2. Morphologies of Ru oxides by SEM after sintering at 410 oC for 1 hr with changes of etching condition and nominal ratio of Ru and Ti in

precursor solution

Nominal Ru/Ti 
in precursor solution

100/0 80/20 60/40 40/60 20/80 10/90 0/100

HCl
etching

Morphology(Crack size)
(*Crack shape)

 ~10 µm
1-clear

3-unclear 3-unclear 3-unclear 3-unclear 3-unclear ~5 µm
1-relatively clear

Oxalic acid 
etching

Morphology(Crack size)
(*Crack shape)

>10 µm
2-clear 

3-unclear 3-unclear 3-unclear ~5 µm
2-relatively clear

3-unclear
3-unclear

*Prefix number(1: Mud check pattern, 2: Semi-circle pattern, 3: Compact pattern) 

Table 3. Morphologies of Ru oxides by SEM after sintering at 410 oC for 1 hr with changes of etching condition and nominal ratio of Sn and Ti in

precursor solution of fixed 35% Ru

Nominal Sn/Ti 
in precursor solution

20/80 40/60 50/50 60/40 80/20

HCl etching Morphology(Crack size)
(*Crack shape)

3-unclear ~10 µm
1-relatively clear

~5 µm
1-clear

~5 µm
1-clear

~10 µm
1-relatively clear

Oxalic acid 
etching

Morphology(Crack size)
(*Crack shape)

3-unclear 3-unclear >10 µm
2-clear

>10 µm
2-clear

~10 µm
2-relatively clear

*Prefix number(1: Mud check pattern, 2: Semi-circle pattern, 3: Compact pattern)
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crack) ��_ 	��). � 34 ��L ��� g� µ±� p� >2

�(compact) �� ��_ %� d_ 	��). �� �Ò_ � -.�

õö÷ � �Ò_ � -.c) b��FI g�µ±FI k ß � Ù

5 µm �,I 8�� ¤%& j�%� ��, õö÷ � �Ò_ � -

. �� µ±	 Ù 10 µm �, ß I b��FI �¤%& crack�

�#�_ ! � �). Sn� Ru� 	KE ; precursor 56�e Ru�

	 8·� 50 : 50¤ ; g� µ±FI �Y � j�P_ ! � ��).

Ti� �Ç%� -.�� ��� g� µ±FI b8 j�%] 9%�

compact �FI j�%� d_ ! � �� ��S Ti ÍNFI �Ç%

� -.� crack	 µ±� *). Ru/Sn/Ti	 3#Vç�e� Ù Sn/Ti�

50%¤ ; Ru-Snç9 M� crack� � j�P_ ! � ��, b��F

I Rn/Sn	 8·� 1� �Ä:; ��L ��� <=� crack_ �ê

_ R � �). 

Fig. 5�� Ru, Sn, Ti Í¤#V� 35%Ru-37%Sn-38%Ti �� ��

L 1� ��� õö÷ �� �ÒQ Ti ]]�9 ��G >�%& Ô

Õ��G/ c  }� tape test� 	� ��L	 ÔÕh, Ó�� G

�G �). b��FI �� �Ò_ � -.� õö÷ � �Ò_ �

-. c) �� 1	 L�� ÓKi� ' Ñ4 dFI c�). ��

�� �Ò_ � -. õö÷ � �Ò� -. c) �� ½,� ¤

%& j��� �� ��L 1� Ti ]]�� c) >2%& Ô���

�  ;<FI U(Q). ��� Ó�I'? �Ò½� b�	 ÇÐ#

� ��L	 8���� áâ_ �� morphology @^ ìA§ ��

��L	 L�� �v#�, �. $�� áâ_ �� dFI 
ÍQ

). �§e ¤��FI u4 0v�¾� �Ò	 $�#� q Åz_

�]] ?� ¤��FI B� 10 wt% õö÷ � �Ò c)� ��

�Ò� DSA b�_ ZÌ%�à ' ���C_ R � �). 1Ó f

,9 1Ó m¿� �§e� ��L	 morphology	 ¢�� Åý�]

?�). 

3-3. Firing ��� � �� �� ��� ��

Fig. 6�� ( f,�e 1ÓQ Ti ]]�	 ��L ��	 *� D

� G�G �). Ti ]]�	 ��*�4 500 oC bÄ]� 0.1 Ωcm

�%	 D_ c�G, 600 oC ��'?� Ûg� 
�%� 700 oC�e

� `	 =0�� �_ ! � �)(� e ��*� Ø�4 ¤���

multi-meterI Ø���   	 VWX ;<� Ø�> 0.1 Ωcm �%	

Ø� ��*� D4 ~Z D c) Ñ_ � �).). ��� ��� Ru

L� åæ� Q -.� Ru ��L� b,#� �� Ti ��L b�

	 �� b,#� *ê_ ! � �). 

��L b�� ��� �#_ �  }We� ��1 �� 1È�]^

��L	 8±|·(degree of non-stochiometry)� �Ç%�; �)�

RST �)[3, 4, 14-16]. ì-Ä] <ô�e �� �%� �È�� ±

FI EÛ%]� ?�]^ ��� ��L �� mixed valence state

(FIe, Ru	 -. Ru3+9 Ru4+	 	K �� ��)� "�%)� R

ST �). ��1	 non-stochiometry� 1Ó f,, k; �1 V} 

� ��1 �	 �ÞL� áâ_ 0�). ��� �OI� 1Ó f,

500 oC�bÄ]� Sn, Ti, Ru	 precursor56 �	 SnCl2, TiCl4, RuCl3

� ²b� ±|� ��L SnO2, TiO2, RuO2I ���] 9W ©��

f� �1� 8±|� ��L ��I ÓK�  ;<FI U(Q). Ã,

��L Ó� g�� �Ç%& �� ±�f	 G$� ��(cation inter-

stitial) �� �1	 H��(oxygen vacancy)� b b,,�  ��)

� 
ÍQ). �� ²b� VW�] 9%� ��5 �� Iì �� Cl

#V4 ��L Ó��e �1�f�G �1 H��(vacancy)/ >¹%

� �Ç%�e b� ,��I �Ç%& �� b  b,#_ Ñ�� J

H_ %� dFI U(Q)[17]. 350 oC9 550 oC�e 1ÓQ ��å

æ 5�	 Cl �Ç� )ê =	 AES � XPS Ó�I'? ä�E �

�)(Fig. 11, Fig. 13 K½). <ô� ��� TiO2-x�e x� 2'? 0.75

Ä]� b,#� �. *�, x� 0.75�e 0.5Ä]� û�]) x� 0.5

�e 0.25v¿�e	 b,#4 )m �. ÑF� x� 0.25�e 0FI

�� v¿�e� b,#� û�T x� 0� �� b,#� D§]� d

FI RST �)[1]. ��� D~� Fig. 6	 Ó�I'? 1Ó f,�

500 oC �^Ä]� Ti ]]� ��� ²b� TiO2I �] ?� TiO2-x

�e 0<x<0.5 ��I �� dFI L�Q). 

3-4. Firing ��� � �� �� �� 
� 

Fig. 7�� ���e 1m¿ �Ò � (( 100% Ru, Sn, Ti9 35%Ru+

39%Sn+29%Ti 56_ 1î åæ� � �� f,�e 1Ó� � Ø�

Q �&¢�� G�G �). Ru, Sn	 -.� Ù 400 oC�e �&�

s*� Q � f,� �§ �&� 
�%� d_ ! � �). �d4

precursor 56�e �� SnCl2, RuCl3� 1Ó f,� 
�P� �§

VW�� MO2-x(0<x<1)�� ���e �&� �1%) rl ±|�

��L SnO2, RuO2I �� �§ )m �&� 
�%� dFI ÉÂ

E � �). Ti	 -.� Ru, Sn	 Ó�9� )1 )�& 400 oC t

��e �& �1� c� ?� f,� �§ ²^� 
�%� d_

! � �). �d4 Ti ��L4 precursor 56FI'? �� �'V

Fig. 5. Adhesive forces of several oxide coatings on the Ti substrates

etched in HCl and oxalic acid. 

Fig. 6. Changes of surface resistivities of several coatings with sintering

temperature.
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	 Cl� 8�� *f�e'? �1I ³& >¹�� 350 oC9 500 oC

D�� �& �1� p� ���� �&� 1Ó f,� �§ 
�%�

dFI U(Q). ( Í¤#V Ru, Ti, Sn ��L �& ¢�I'?

35%Ru+39%Sn+29%Ti -.	 �& ¢�/ FØ� Ó�� ~Z

35%Ru+39%Sn+29%Ti painting 56� åæQ �	 �&¢�9 8�

� � ¤>%� d_ ! � �).

Ti ]]� �� }	 ©� ��L� ²b� ±|� ©� ��L�

Q) %'§, 350 oC�e 650 oCÄ] �& ¢�� Ý � 8W 2Î

�� 
�E �� p). �M& Ti ]]� ��	 ©� ��L	 Í}

��Á ��L �&� ß& 
�%� d4 Ti ]]� ��� �f �

���e �&� 
�%� dFI U(Q). �/ ä�%  }%� �

6� precursor 56, åæ �] ?4 Ti ]]� ��	 Í} ��

Á �& ¢�/ Ø�%×F� k Ó�� Fig. 7� M� G�G �).

Ti ]]� ��� f,� ���� k �&� ß& 
�%� d_ !

� �). 

�/ )m ä�%  }� ���e �ÒQ Ti ]]� ��9 � �

35%Ru+39%Sn+29%Ti 56� åæQ Ti ((	 TGA9 DTA Ó�

� Fig. 8� G�G �). Fig. 7�e�N Ti ]]� ��� 150 oC'?

f,� �§ ¤�%& 
�%) Ù 600 oC ��'?� Ûg� 
�%

� d_ ! � ��, 35%Ru+39%Sn+29%Ti #V� åæQ -.�

Ù 400 oC 't�e s* r_ c�) ²^� 
�%� 600 oC ��

�e	 �& 
�·� Ti ]]�^	 -.c) û�]� d_ ! �

��à �d4 �f�e åæQ Sn� Ti� Oj�� Pì�`G

[18, 19] Ti ]]� ��� Ru, Sn �	 åæ 5� �� Ti ]]�

���e�N �1� ³& Ti ]]� ��FI �«� �S: Ti �

�5 �# �,� Q  ;<FI U(Q). ��� Ð�4 Fig. 7�

e «¤%& ÅýQ). �f�e Ti ]]� ��	 ��L4 ]]�

}� åæQ )� ��L �	 ),#	 v½ R D�I �� ä�

(solid diffusion)%�e(Fig. 13 K½) ��FI �«%� dFI U(

Q)[20, 21]. 

Fig. 9�� Fig. 7I'? ç�Q Ti ]]� ��� precursor 56	

åæ� 	� Þ�� Ru, Sn, Ti ��L^	 �& ¢�� G�G �).

RuCl3 � ��� TGA9 DTA ~ã�e Ù 350 oC'? Cl �f�

û�T Ûg� �&� �1%� ��LI �  mÌ%� 390 oC'?�

�1#V� `	 ) Oj�� dFI RST �)[4, 22]. ��� Ó�

�   0v�e, ~ã�FI ä�%×). ��� D~I'? RuCl34

350 oC 't�e'? ee� RuO2-x(0<x<1)FI ¢�P� �§ �&

�1%)� f,� 400 oC ��FI 
�P� �§ rl x� 1I'?

0FI �� �&� 
��). 550 oC ���e� �&� )1 �1%�

d_ ! � ��à, �d4 �f�e� Ru� ¤' Oj�  ;<FI

U(Q). �f�� U# L¤ � �� RuO4� Oj#� �� dF

I RST �)[17]. Sn� Ti	 -.� Ru� 8%� �f�e Oj

S~� 'T u4 dFI U(Q)[10, 18, 19](Fig. 11, Fig. 12 K½).

��� Ó�I'? Snb��G Tib�	 ��L �	 ½#� precursor

56	 Ý  ½#_ O]%  }We� 1Ó f,� 550 oC �%I O

]��; P_ R � �). ¤��FI <ô[1-4]�e� ����L b

� ZÌm 1Ó f,� 400-550 oC/ D5�). Fig. 7�e c/� f

,� �§ Ru	 �&� ¤�%) %'§, b� ��L	 �&� `

	 2Î �� 
�H � �ê_ ! � �F¸I ÍÞ� 1Ó b·�	

��L �& ¢�I ]]� ��� PGQ Ru ±_ �m%�e� ¬

Q)� d_ R � �). 

Fig. 10�e� Ti ]]� ��� ��L åæ U�/ 
�mn ; ]

]� ��	 Í}�� Á ��L �& ¢�� w��FI 
�P_ !

� �� �� �Ò_ � -.� õö÷ � �Ò_ � -.c) `	

¤�%& c) u4 ±� åæ�� �ê_ ! � �). �d4 Ve

EÛ� d�N Ý  åæ ±4 �Ò ½� �§]�, k �� åæ�

� ±4 M)� d_ 	��). 1Ó m¿ ¢�� �� ��L �&

¢�� ÅýH � p�).

Fig. 7. Change of metal oxide weight on the Ti substrate etched in HCl

with sintering temperature.

Fig. 8. TGA and DTA spectra of 35%Ru-39%Sn-26%Ti coating on the

Ti substrate and the Ti substrate with sintering temperature.

Fig. 9. Net metal oxide weight from precursor solution on the Ti substrate

etched in HCl with sintering temperature.
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3-5. Ti ��� �� �� ����  ! �	 

b=�e 1Ó f,� 400-500 oC� ��L	 �&� �1%) 
�

%� ��FI 400 oC'? RuCl3� b��FI� RuO2I b¹�G

¤'� RuCl3I �Ç%`G RuO2-x(0<x<1) ��I b¹Q)� %×�,

Sn	 -.� �f�e Oj� z%� S~� u)� %×). Sn	 O

j� �ÇH -. ��5 �'	 Sn� ��FI �«�� ���e

Sn	 +,� ��5 �'	 +,c) Ñ_ dFI FØQ). ���

D~_ ä�%  }%� 35%Ru+39%Sn+29%Ti 56_ åæ� �

410 oC�e 1Ó� mé	 �' +,/ AES/ D5%� ��� �§

Ø�%×� k Ó�� Fig. 11� G�G �). � �e ��'? �'

Ä] Ru ��L� �ÞLI Ì5%� ��L	 b  b,#_ Ñ��

JH_ H � �� Cl� �Ç%� d_ R � ��, Sn4 ���e

+,� Ruc) Ñ)� ��� �§ Ûg� �1 %� �� Ru4 �

�FI'? )1 û�x W�e s�	 +,/ c�) ee� �1%

� d_ ! � �)[8]. Sn� Ru +,Vùw �	 b� ��4 ��

5 ��e �¾	 XÈ_ 	�%�à, Sn4 precursor 56	 ½# 8

·� 8�H ; Ru� 8%� �. �4 ��_ �� d_ ! � �

�à �� Ve ÉÂ� d�N ��5�	 Sn� Oj�� S~�� 

;<FI U(Q). 

XPS�   ®#� 20-30 Å��Ä]	 +, V�� �X%� EPMA

� Y	 �� G� Xi� �Z ÅÄ] �¸I XPS� ��5 �� t

�	 Ru� Sn	 +, 8·_ vH � ��, EPMA� ��5�	 bulk

�e Ru� Sn	 Ö +, 8/ vH � �). ��5 ��e Sn�

Oj�� ���e Sn� ��� u� [S �)� Fig. 11	 Ó�/

Fig. 12�e )m ä� H � �). � e rw4 precursor 56	 Ru

� Sn� 1Ó�� ���e b8 S~%] ?� 56�e	 8·� M

4 ±FI ��5��e, �ÇH -.	 D� Q). k�G EPMA�

	� ��5 � Bulk	 Sn/RuD� rwc) �4 d4 Ru� 8%�

Sn� u� Oj�� S~��ê_ 	�%�, ���e XPS� 	�

Sn/Ru D� rw Dc) �. Ñ)� d4 Ru� 8%� Sn� Oj

�� ���e ��� u� [S �)� d_ 	��). ��� Ó�

� Fig. 11�e Sn	 +, Vù� ���e �. Ñ� �� Ûg� �

ì]� Ó�9 ¤>%� d�). õö÷ � �Ò_ � -., Fig. 11

� Fig. 12	 -.9 OD%& G�\). 

Fig. 13�� 350 oC9 650 oC�e 1ÓQ Ru ��L^	 XPS wide

scanning_ � Ó�� G�G �). 350 oC�e 1ÓQ Ru ��L �

��� 454.1 eV�e Ti 2p3/2	 "ß� G�G] ?FG 650 oC�e

1ÓQ Ru ��L ���� Ti	 "ß� G�G� d_ ! � �).

�d4 Fig. 7� 8�e EÛ� d�N �f�e� Ti ]]� ���

Ûg� ����e k ��L� Ru ��L ),#	 v½ R D�I

Fig. 10. Change of oxide weight on the Ti substrate with the number of

coating layers after sintering at 410 oC.

Fig. 11. Depth profile of Ru, Sn, and Ti components in 35%Ru-39%Sn-

26%Ti on a HCl-etching Ti substrate measured by AES.

Fig. 12. Ratios of Sn/Ru near surface and in bulk of coating measured

by XPS and EPMA after sintering at 410 oC with the change of

nominal ratio of Sn/Ru at a constant Ru of 35% in the precur-

sor solution.

Fig. 13. Wide scanned XPS spectra of Ru oxides sintered at 350 oC and

650 oC.
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�� ä�%�e ��FI �«�)� d_ c�� Ó�� Q). 

Fig. 14�� 500 oC�e 1m¿ 1Ó� 35%Ru+39%Sn+29%Ti ��

5�	 Ru	 �KL	 ��/ c  }%� Ru� �� XPS	 "ß

V�(de-convolution)/ �ó� Ó�/ c�º). Ru �KL� ��

Ru3d XPSÓK �´](Binding energy)/ c�� XPS database� �

�� Ru©�4 280.1 eV, RuCl3� 281.8 eV, RuO2� 280.7 eV, RuO3

� 282.5 eVI G�a). � e Ru� )� ��� ]�P�° Ru3d

� �� ÓK�´]� ñ]� d_ R � �). RuO2̂ _ �]�

curve-fitting_ %� -. 280.7 eV b� µÚ�e fitting� �{�]

?� RuO39 RuCl3	 ÓK�´] ^_ D5H ;� 280.7 eV �b�

e "ß V�/ H � p�). �§e Ru0� Ru4+	 $¿ D� WÁ

%�[Ru3d9 Í¤ �1	 ÓK Ruδ+(0<δ<2): (F Ru-O)] �KL	 �

Ç/ ��H ;	 ÓK �´] D� Ù 280.5 eV� 400 oC�e ²b

� RuCl3� �Ç%  �S.¸I RuCl3 ÓK �´]� �Ä\ 281.7

eV/ ��%�[23] curve-fittingH ; Fig. 15�e c�� d� M4

�Y *4 Ó�/ &_ � ��). ��� Ó�� Ve ÉÂ� d�N

precursor 56FI'? �� RuCl3� RuO2I ²b ���] ?� 8

±|� Ru ��L Ã, RuO2-x(0<x<1)_ c�� b� ��_ ^W��

d�). ��� Ru XPS spectrum	 "ßV� 23FI 1Ó f,�

�� ��5�e Ru �KL� �� V�_ �ó� Ó�� Fig. 15�

G�G �). Ru� f,� �§ ²b ��E ;Ä] 3Íç	 ��L

��/ `>� dFI c�). *f�e Ù 500 oCÄ]� precur-

sor�e �� ��L� 8±|� Ru ��L_ `� ±|� Ru ��L

I �� ���e �� �] Ru �KL� ,�%� v¿�, 500-600 oC

�e ��L�	 Cl� ��L�	 8 ±|#� Ûg� p�]� b�

v¿, k�� 600 oC ���� ²b ±|� ��L� RuO2̂  �Ç%

� v¿FI G_�  � �). 

4. � �

Ti ]]�	 �ÒÓ�� b�	 ZÌ ÇÐ#� ��L 8���� á

â_ �� åæ�� ��L	 ±, morphology @^ ìA§ �� ��

L	 �v#�, �. $�� áâ_ ���, õö÷ � �Ò c)�

�� �Ò� ��# �� b�_ ZÌ%�à ' ���C_ R � �

). Ti ]]� ��� ��L åæ U�/ 
�mn ; ]]� ��	

Í}�� Á ��L �& ¢�� w��FI 
�P_ ! � ��, �

f 1Óm Ti ]]� ��	 Ti ��L4 ]]� }� åæQ )�

��L � ),#	 v½ R D�I �� ä�_ ¼W �� }I �

«Q). Sn ��L4 ��� u� [S�� 	K ��L�e ��L

V�Ð�_ ; m»� d_ R � ��). ��L�	 ½#4 1Ó

f,� �§ ¢�%� 600 oC �b�� 8±|� ��L� MO2-x

(0<x<1)� �Ç%� d_ ä�%×). 
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