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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 etchingo€ondition
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 belew\@80confirmed to have a non-sto-

chiometric compound of MQ, (0<x<1).
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Fig. 1. SEM micrographs of the Ti substrate after etching in oxalic acid and HCI.

Fig. 2. Weight loss of the Ti substrate after etching in HCI and oxalic
acid with etching time.
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ig. 3. SEM micrographs showing the crack patterns of the oxide after sintering at 42C on the Ti substrates etched in oxalic acid and HCI.
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Fig. 4. SEM micrographs of the cross-sections of the oxides after sinter-
ing at 410°C on the Ti substrates etched in oxalic acid and HCI.
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Table 1. Morphologies of Ru oxides by SEM after sintering at 418C for 1 hr with changes of etching condition and nominal ratio of Ru to Sn in

precursor
_ Nominal Ru/Sn 100/0 80/20 60/40 40/60 20/80 10/90 0/100
in precursor solution
HCI Morphology(Crack size) >10um ~6-7um ~5um ~5um ~6-7um 3-unclear <1@m
etching (*Crack shape) 1-clear 1-relatively clear 1-clear 1-clear 3-unclear 1-relatively clear
Oxalic acid  Morphology(Crack size) ~10um ~10um 2-relatively  2-relatively  3-unclear 3-unclear 3-unclear
etching (*Crack shape) 2-clear  2-relatively clear  clear clear

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

Table 2. Morphologies of Ru oxides by SEM after sintering at 418C for 1 hr with changes of etching condition and nominal ratio of Ru and Ti in

precursor solution

Nominal Ru/Ti

. . 100/0 80/20 60/40 40/60 20/80 10/90 0/100
in precursor solution
HCI Morphology(Crack size) ~10um 3-unclear 3-unclear 3-unclear 3-unclear 3-unclear ures
etching (*Crack shape) 1-clear 1-relatively clear
Oxalic acid Morphology(Crack size) >10um 3-unclear 3-unclear 3-unclear i 3-unclear
. . 3-unclear
etching (*Crack shape) 2-clear 2-relatively clear

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

Table 3. Morphologies of Ru oxides by SEM after sintering at 419C 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. 20/80 40/60 50/50 60/40 80/20
in precursor solution
HCl etching Morphology(Crack size) 3-unclear ~1@um ~5um ~5um ~10pm
(*Crack shape) 1-relatively clear 1-clear 1-clear 1-relatively clear
Oxalic acid Morphology(Crack size) 3-unclear 3-unclear >10m >10um ~10pm
etching (*Crack shape) 2-clear 2-clear 2-relatively clear

*Prefix number(1: Mud check pattern, 2: Semi-circle pattern, 3: Compact pattern)
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Fig. 5. Adhesive forces of several oxide coatings on the Ti substrates

etched in HCI and oxalic acid.
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Fig. 6. Changes of surface resistivities of several coatings with sinter
temperature.
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Fig. 7. Change of metal oxide weight on the Ti substrate etched in HCI

with sintering temperature.
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Fig. 9. Net metal oxide weight from precursor solution on the Ti substra
etched in HCI with sintering temperature.
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Fig. 10. Change of oxide weight on the Ti substrate with the numberf o
coating layers after sintering at 410C.

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.
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Fig. 12. Ratios of Sn/Ru near surface and in bulk of coating measur
by XPS and EPMA after sintering at 410°C with the change o
nominal ratio of Sn/Ru at a constant Ru of 35% in the precui
sor solution.
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Fig. 13. Wide scanned XPS spectra of Ru oxides sintered at 38Dand
650°C.
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Fig. 14. Deconvolution of XPS spectrum of 35%Ru-39%Sn-26%Ti oxd
sintered at 400°C.

Fig. 15. Compositions of Ru compounds near the coating surface of 35%

Ru-39%Sn-26%Ti oxide electrode analyzed by XPS with sinter-
ing temperature.
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