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Fig.2-1 Effect of Ir/Ta molar ratio on electrolysis periods (Electrolysis condition : 7, =

1 Alem?, i, = -0.1 Alem2, t, = t. = 60 sec in 0.7 mol/dm? Na2SO4 solution(pH=1.2) at

500C )

Fig.2-2 Comparison of polarization curves after electrolysis test (Electrolysis
condition : 7= 1 Alem2, 1. =-0.1 A/lem2, ¢, = t.= 60 sec in 0.7 mol/dm3 Na2SO4 solution
(pH=1.2) at 50°C )

@ : before electrolysis, X : after electrolysis test
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Fig.2-3 surface morphology of IrO2/Ti anode (Electrolysis condition: 7. = 1 Alem?, 7. =

-0.1 Alem2, ¢, = t.= 60 sec in 0.7 mol/dm3 Na2SO4 solution (pH=1.2) at 50°C ).
I : before electrolysis, II : after 100min, III : after electrolysis test, IV : titanium

substrate etched in 10 wt% oxalic acid, a : flat area, b : crack, c : crystal
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Fig.2-4 Surface morphology of IrOs-Ta20s/Ti anode (Ir/Ta=80/20). I: before
electrolysis, II : after electrolysis at 2 A/ecm? for 300 h in the solution containing

0.7mol/dm3 Na2SO4 adjusted pH1.2.
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Fig.3-1 Surface morphology of IrO:z electrode after electrolysis for 100min in 0.7
mol/dm3 Na2SO4 solution (pH1.2) at 50°C, I : cathodic electrolysis with-100 mA/cm2,
II : anodic electrolysis with 1 A/em2, a : flat area, b : crack, ¢ : crystal, d : crack on flat

area.

Fig.3-2 surface morphology of IrO: electrode after electrolysis for 50 h in 0.7
mol/dm3 Na2SO4 solution (pH1.2) at 50°C. I : cathodic electrolysis with -100 mA/cm2,
II : anodic electrolysis with 1 A/em?2, a : flat area, b : crack, c : crystal, d : crack on flat

area.



Fig.3-3 surface morphology of IrO2 electrode after electrolysis for 50 h in 0.7
mol/dm3 Na2SOs solution (pH1.2) at 50°C, I : before electrolysis, II : cathodic

electrolysis with -100 mA/cm?2, I1I : anodic electrolysis with 1 A/cm?2.

Fig.3-4 surface morphology of IrO2 electrode after electrolysis for 50 h in 0.7

mol/dm3 Na2SOs solution (pH1.2) at 50°C. I : before electrolysis, II : cathodic

electrolysis with -100 mA/cm2, I1I : anodic electrolysis with 1 A/cm2-
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Fig.3-5 Cyclic voltammograms of IrO2 electrode in 0.7 mol/dm? Na2SO4 (pH1.2) at

100 mV/sec.

Fig.3-6 surface morphology of IrO2 electrode after potentiostatic electrolysis for 1
hour in 0.7 mol/dm3 Na2SO4 (pH1.2). I : before electrolysis, potentiostatic electrolysis
II: at 0.65 V(vs. AgCl/Ag), I11 : at 0.1 V(vs. AgCl/Ag), IV : at -0.2 V(vs.AgCl/Ag), V : at
-0.4 V(vs.AgCl/Ag)
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Fig.3-7 surface morphology of IrOz electrode after potentiostatic electrolysis for 1h
in 0.7 mol/dm3 Na2SOs (pH1.2) solution. I : before electrolysis, potentioatatic
electrolysis at II : 0.65 V(vs.AgCl/Ag), III : 0.1 V(vs.AgClAg), IV : -0.2

V(vs.AgCl/Ag), V-a, c : -0.4 V(vs.AgCl/Ag).

Fig.3-8 surface morphology of IrO: electrode after electrolysis in 0.7 mol/dm3
Na2S0s (pH1.2) solution. I : cathodic electrolysis with -200 mA/cm? for 50min, II :

cathodic electrolysis with -100 mA/cm? for 100min.



Fig.3-9 Surface morphology of IrO:z electrode after electrolysis with -200 mA/cm?2

for 50min in 0.7 mol/dm? Na2SO4 (pH1.2) solution.
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Fig.4-1 polarization curve of IrOs electrode after electrolysis. O: cathodic
electrolysis with -100 mA/cm? for 30min after anodic electrolysis with 1 A/em? for
10min, @ : anodic electrolysis with 1 A/cm2 for 10min after cathodic electrolysis

with -100 mA/cm? for 30min, [ : anodic electrolysis with 1 A/em?2 for 40min, I :

cathodic electrolysis with -100 mA/cm? for 40min.

Fig.4-2 surface morphology of IrOz electrode after electrolysis in 0.7 mol/dm3 Na2SO4
(pH1.2) solution. I : cathodic electrolysis with -100 mA/cm? for 30min after anodic
electrolysiswith 1 A/em?2 for 10min, IT : anodic electrolysis with 1 A/em? for 10min
after cathodic electrolysis with -100 mA/cm? for 30min, III : cathodic electrolysis with

-100 mA/cm? for 40min.
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Fig.4-3 surface morphology of IrO2 electrode after electrolysis in 0.7 mol/dm3 Na2SO4
(pH1.2) solution, I : anodic electrolysis with 1 A/cm? for 10min after cathodic

electrolysis with -100 mA/cm? for 30min, II : before electrolysis.

Fig.4-4 polarization curves of IrOz electrode after electrolysis pattern in 0.7 mol/dm3
Na2S04 (pH1.2) solution, Electrolysis pattern : anodic electrolysis with 1 A/cm? for
lhour after potentiostatic electrolysis for lhour. @ : before electrolysis
potentiostatic electrolysis condition, O : 0.65 V, B : 02V, [1:-02V, A :-04V

(vs. AgCl/Ag)
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Fig.4-5 polarization curves of IrOz electrode after electrolysis pattern in 0.7 mol/dm3
Na2S04 (pH1.2) solution. Electrolysis pattern : potentiostatic electrolysis for 1hour
after cathodic electrolysis with -100 mA/cm? for lhour. @ : after electrolysis with
cathodic electrolysis with -100 mA/cm?2 for lhour, potentiostatic electrolysis

condition: O : 0V, M :0.7V,0:1.0V, A : 1.3V (vs. AgCl/Ag)

Fig.4-6 surface morphology of IrOz electrode after electrolysis in 0.7 mol/dm3 Na2SO4
(pH1.2) solution. I : potentiostatic PR electrolysis for 100min, II : before electrolysis,
potentiostatic PR electrolysis condition : £, = 1.0 V (vs.AgCl/Ag), E. = -02 V

(vs.AgCl), t. = t.= 60sec.
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Fig.5-1 polarization curves of IrOs electrode after electrolysis. O : cathodic
electrolysis with -1 A/em? for 13min, [ : cathodic electrolysis with -100 mA/cm?2
for 40min, @® : anodic electrolysis with 1 A/cm? for 10min after cathodic
electrolysis with -1 A/cm? for 3min, M : anodic electrolysis with 1 A/cm2 for 10min

after cathodic electrolysis with -100 mA/cm? for 30min.
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Fig.5-2 surface morphology of IrOs electrode after electrolysis. I : cathodic

electrolysis with -1 A/cm2for 13min, II : anodic electrolysis with 1 A/cm2for 10min
after cathodic electrolysis with -1 A/cm? for 3min, II-a : (a)-area of electrode II, II-b :

(b)-area of electrode II.
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Fig.5-3 polarization curves of IrOz electrode after electrolysis. @: anodic electrolysis
with 1 A/em? for 10min after cathodic electrolysis with -1 A/em? for 3min, O : wipe

out surface catalyst by hand, X : cathodic electrolysis with -1 A/ecm? for 13min.

Fig.5-4 polarization curves of IrOs electrode after electrolysis. @: anodic electrolysis
with 1 A/cm? for 10min in 0.7mol/dm3 Na2SOs solution (pH1.2) after cathodic
electrolysis with -1 A/em2 for 83min in 0.7 mol/dm3 Na2SOs solution (pH1.2). O:
anodic electrolysis with 1 A/em2for 10min in 1.4 mol/dm3 NaCl solution (pH1.2) after
cathodic electrolysis with -1 A/cm? for 3min in 0.7 mol/dm3 Na2SO4 solution (pH1.2),
X: cathodic electrolysis with -1 A/em? for 13min in 0.7 mol/dm3 Na2SOs solution

(pH1.2).
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Fig.5-5 polarization curves of IrOz electrode after electrolysis. @: anodic electrolysis
with 1 A/em? for 10min in 0.7 mol/dm?3 Na2SOs solution (pH1.2) after cathodic
electrolysis with —1A/cm? for 3min in 0.7 mol/dm3 Na2SO4 solution (pH1.2), O:
anodic electrolysis with 1 A/ecm? for 10min in 0.7 mol/dm? Na2SO4 solution (pH1.2)
containing 25vol% H20:2 after cathodic electrolysis with -1 A/cm?2 for 3min in 0.7
mol/dm3 Na2SO4 solution (pH1.2), X: cathodic electrolysis with -1 A/cm? for 3min in

0.7 mol/dm3 Na2SOs solution (pH1.2).
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Fig.5-6 polarization curve of IrO:z electrode after electrolysis in 0.7 mol/dm3 Na2SO4
solution (pH1.2), @: anodic electrolysis with 1 A/em2 for 10min, O: cathodic

electrolysis with -1 A/em? for 3min.

Fig.5-7 surface morphology of IrOz electrode after cathodic electrolysis with -1 A/cm?

for 3min in 0.7 mol/dm3 Na2SO4 solution (pH1.2).
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Fig.5-8 polarization curves of IrOz electrode after electrolysis. @: cathodic electrolysis
with -1 A/em? for 13min in H2SO4 solution (pH1.2), O: anodic electrolysis with 1 A/cm?
for 10min in 0.7 mol/dm3 Na2SO4 solution (pH1.2) after cathodic electrolysis with -1
A/em? for 3min in H2SO4 solution (pH1.2), I cathodic electrolysis with -1 A/cm?2 for
13min in 0.7 mol/dm3 Na2SOu solution (pH1.2), : [ anodic electrolysis with 1 A/cm?
for 10min in 0.7 mol/dm3 Na2SO4 solution (pH1.2) after cathodic electrolysis with -1

A/em? for 3min in 0.7 mol/dm? Na2SO4 solution (pH1.2).
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Fig.5-9 polarization curves of IrOs electrode after electrolysis. @ : cathodic
electrolysis with -1 A/cm2 for 13min in 1.4 mol/dm? NaOH solution, O: anodic
electrolysis with 1 A/ecm? for 10min in 0.7 mol/dm?3 Na2SOs solution (pH1.2) after
cathodic electrolysis with -1 A/ecm? for 3min in 1.4 mol/dm?® NaOH solution, Ik
cathodic electrolysis with -1 A/cm? for 13min in 0.7 mol/dm3 Na2SO4 solution (pH1.2),
L] anodic electrolysis with 1 A/em? for 10min in 0.7 mol/dm3 Na2SO4 solution (pH1.2)
after cathodic electrolysis with -1 A/em? for 3min in 0.7 mol/dm3 Na2SO4 solution

(pH1.2).

BRI 1.4 mol/dm3 Kb 7~ b U & LK 2 e, Y — REf COEMK & LTK
FeftF N U 0 DOKESHE 2 A TRl 2 MGt L 7ok R % Fig.5-9 ITR7, KEBbT LU 7 A
KR A2 MNTH Y — NEM L%, BT b Y U LKEKTT /— NEME L7 EmRI,

Ebic LB LIBmE R CREICEWT /) — NEMEZR Lz, KR N U oAk
R CD A Y — NEMEOEMRIT, HEET Y U LKER TO I Y — NEM% OB L [F
CREOT /) — NEfMiZR LT, 2F0 ., KEBbT MU U LKEKTH Y — NEMLT-E
WX, oY — NEHEOT ) — REMRIZL>TT /— REMBIEIN L2 & 0hoT,
ZOI=, KEEALT N U T AKERTH Y — NEMLIZHAICSH, BB X EmSS
kT2 08y hote, Lo T, BMEIC L 2HITIZ, Y — REMREFIZT MY T



DA F U NEBEREIAERT 5 Z Lo lz, Martelli HI2X>Th, HEKERFH T
A L0 ERIIHIE LN ER o TnD, LiL, HoZXEPICEEN L
AR EO&EN, 1Y — REMPOBMEE~THIT D Z L3, BRI L 2 Ei
FIDFKRTHD Lftam L TWD 12, & ZADR, SEIOMENG, TR v AD LS 7K
WP TOENNPTERVRTS, BRI E VT D2 &N nhoTe, KFEFE
ARFTOBEMEE~DT F U 7 LA OPAEBRBBIGIC L 29DFRNEZE LD, T
VU LAF L OWHER, EIREN TORRBFEIAEIT LY BRI AR 2 R - 7o VB LA Y
VULIENT D EERD,

B RE

BEABALAZ & 2 RBED S L ITARIEAS TR R AR MERE 2 2 5 7o Tho 0 | WRSRFEE bIKERE
Fro st N O RIS IRR AT D 2 & T, REOMBUE B T2 2 L2365
Lilpole, o, HEORMEL LT, BY = NERTOT NI U LS A OWAE, T/ —
REMECOERBN TORBRENET OND,



BE IR

D IEKMEE— IR = RESAN, 46, 402 (1995)

2) J. C. Marchnoir, J. P. Loup and J. Masson, 7hin Solid Film, 66, 357 (1980)

3) J-L Delplancke and R. Winand, 7itan, 1, 584 (1987)

4) PUEIERIRS, ALERTE—. BeHI@ml, R B Aaskstiz, HIHERSE, Gk, 61, 599 (1988)

5) PR, OMERERIRS, faokdtz, BEHuEY], MEHGN, 9. 334 (1991)

6) (thRmEEAMT M, KEpdifE, 581 (1998)

7) C.Iwakura, K. Hirao, H. Tamura, Electrochim. Acta, 22, 329 (1977)

8) F. Hine, M. Yasuda, T. Noda, T. Yoshida and J. Okuda, /. Electrochem. Soc., 126, 1439
(1979)

9) AMICE, V—F LifiF, 40, 497 (1989)

10) C. Mousty, G. Féti, Ch. Comninellis, V. Reid, Electrochimica Acta, 45, 451 (1999)

1D I PR, N TEERFHE RS, 2001 4 3 H

12) G. N. Martelli, R. Ornelas, G. Faita, Electrochim. Acta, 39, 1551 (1994)



BARE VA7V IFNEZA NI DEHEDOBRLA Y DU LOFHAM

F— RE
BLEND, WY — NEMET /) — FEMRICE - T, Bk U DU LEMm) bIEATREE
i ERE N RN D Z E NI BN R oTe, £ T, ENENOFM TEMZEOMILL Y
U LEWETA 7Y vy 7R A NYIELTE CVTRIET S Z LT, BBbA U Ty LAEM
DEM 8 2B T L7z,

B_H EBRFIE
2.1 IrO,/Ti BARD VERL
IrOL/Ti TEMRIE 4.2.1 TR FEIC KL ERLL 7=,

2.2 EEIER
EBEMIT 4.2.3 TR FEICI VRAE L,

2.3 BRALZEHIE
BEALFRIEIT 3.2.2 TR HEIC LV AIE L=,

B=H BRLBE

MR & -1 Alem2 T 343 7 Y — NEMZICHIE L 72 B CV OfE R % Fig.6-1127~7,
EMERTO CV OFERIT Fig.3-5 LRILTH D, 0V LV BB CTKEOWRE « g,
IKBRAESOEPHER SN D, — .0V XV H2RENTIE0.6,0.9 VICZENZ4 Ir(IV)/Ir(IID),
Ir(W/Ir(IV) DFRLR TS T D Z E DNFE TN Do TV D,

7Y — REMZIZHE Lz CV CIL, Mk & L T-0.3,0.5,0.8 VI — 7 BN BILE X
e, BILK & LT 0.7 VIZE— 7\ B ST, BT 80 | B Y — NEME
DEMRTITERLM & BTN OER UTBRORTEIRNIERNR L 2o Te, U Y — NEMED
0.3V OILEIRD ©— 7 [ZKFBOBLEISTH Y | £ D% DI GR A & K3 O R BSOS
MR SIS, 0.5V ORRLERO E— 7 1% Ir((IDOEML S, 0.8V ORRLERO E—7



Fig.6-1 cyclic voltammograms (100 mV/s) of IrO:z electrode line : after cathodic

electrolysis with -1 A/em? for 3min, dot line : before electrolysis.
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Fig.6-2 cyclic voltammograms (100 mV/s) of IrOz electrode. dot line : first sweep
after cathodic electrolysis with -1 A/cm?2 for 3min, line : second sweep after cathodic

electrolysis.
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Fig.6-3 cyclic voltammograms (100 mV/s) of IrOz electrode. line : anodic electrolysis
with 1 A/em? for 10min after cathodic electrolysis with -1 A/em?2 for 3min, dot line :

second sweep after cathodic electrolysis with -1 A/em? for 3min.
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Fig.6-4 cyclic voltammograms (100 mV/s) of IrOz electrolde. line : after anodic

electrolysis with 1 A/em? for 10min, dot line : before electrolysis.

Fig.6-5 cyclic voltammograms (100 mV/s) of IrO2 electrode after electrolysis. dot
line : first sweep after anodic electrolysis with 1 A/cm2 for 10min after -1 A/cm?2 for

3min, line : second sweep after electrolysis.
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Fig.6-6 cyclic voltammograms (100 mV/s) of IrO2 electrolde, line : anodic electrolysis
with 1 A/em? for 10min after cathodic electrolysis with -100 mA/cm?2 for 30min, dot
line : anodic electrolysis with 1 A/ecm? for 10min after cathodic electrolysis with

-1 A/em? for 3min

Fig.6-7 cyclic voltammograms (100 mV/s) of IrO2 electrode after electrolysis. dot
line : first sweep after anodic electrolysis with 1 A/cm?2 for 10min after -100 mA/cm?

for 30min, line : second sweep after electrolysis.
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Fig.7-1 Preparation procedure of IrO2-Taz0s5/Ti electrode
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Fig.7-2 Schematic drawing of a cell for PR electrolysis



B=E BRLEBH
3.1 BiRFA

TIENDRMETHILIE L7 F & Ebia O TER L7, iAERIZI T 2 F
¥jnF % Table 7-1 (-7, AL LTy avBo v T 7 LG, BBOFmiE
8530 I¥fH], 1.0 mol/dm3 fiifig 7 kY 7 4 L 0.15 mol/dm3 7 v {7 & =7 A Tt b
L7=8E 13 854 Wifl, Rl /KIsiE o Claligil L 7235813 132150 R, 1.0 mol/dm3 fit
fig b U 7 & 0.5 mol/dm3 7 v AL T B =7 A THMRER L L7358 1% 1344 B 2R LT,
Va Ty F 7 U TFZ U HMRE T EMR DI AT, B b L7 F & v k2
WA TLITLIV 3 L 0 BEVWEsSEm 2R Lz, B, I, IV O CEBRGFM AR D
VBRI TH, &M IS LT L5 fED&Fmarn L, kb RWEM IV TIEEmHRK
B EERDZENTmNoTe, LIER- T, T4 HEROBREEGIZ X 0 EmRO M ANED [
EU. ZORRITGBIRIEOSRMIC LY 8D Z LB Lz,

T & HMRE G LT 5 & RO EF ST Z U BIEMEIEN R S D Z
ERRBNTND 5D, ZD X D RBIEIROTF ¥ AL it E 2 B+ 5 &, &
ARDILTITIRE L, BERLT 5 2 &I X0 B EHIEOFLANIS & AR R S 4 2 AlRE
PERENEEZBND, LHITIER S i3 & b B RS 2 i g &
faa Ly T8 IR L g & OBABEMERE T LEZOND, T7abb, 7T —&RIC
0 F & DD OfEE O S S v, EROMAMERM ELZEBEZ b5,

3.2 BiEER(L

BRI D SN K » TS 2 F & AV D TERE N R D72 F 2 Kotk & fi
HIE & OBmABENDERY | BROMAMECKET L E2 N5, L& xX, F2 b
Y CRER S LT BRI AL 2 & kS & (ERLT 2 BRI AL ITiRE T D BATIR
WNE <720 HLPITIERR S D MRS, ZORER, R E LIS S 1S il
@ LA E LTcTF 2 VBRI AL L T SR OB L, 7 o = Rv@m £ 0 |
BMROFEMPRLS 2D EZZXOND, AR TG LI SRME TR L F 2 o Bk %
Fig.7-3 127779, Fig. 7-3@)n 6 F ¥ VM ER % 2 VBTS2 & | F4 L ORENT
v F U7 ER, MO B LTIRICENT D Z &0 nnd, T2 U ERE BT 52 &



Table 7-1 Lifetime of the electrode with four pretreatment methods of

titanium substrate



Fig.7-3 Surface morphology of titanium substrate after pretreatment.

a : Etched in the solution containing 10wt% oxalic acid for 1 hour at 90°C.

b : Anodized in the solution containing 0.5 mol/dm3 H2SO4 at 190V.

¢ : Anodized in the solution containing 1.0 mol/dm3 (NH4)2SO4 and 0.15 mol/dm3
NH.F at 20V for 2 hours.

d : Anodized in the solution containing 1.0 mol/dm3 (NH4)2SO4 and 0.5 mol/dm3

NH4F at 10V for 2 hours.
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Catalystlayer
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Fig.7-4 Cross section of titanium substrate and the electrode
I: Etched in the solution containing 10 wt% oxalic acid for 1 hour at 90°C

II : Electrode of which substrate was pretreated on the condition of I
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Titanium oxide layer

Ti substrate
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Fig.7-5 Cross section of titanium substrate after pretreatment.

I : Anodized in the solution containing 1.0mol/dm3 (NH4)2SO4 and 0.15mol/dm3 NH4F
at 20V for 2 hours.

IT: Anodized in the solution containing 0.5 mol/dm3 H2SO4 at 190 V.

III : Anodized in the solution containing 1.0 mol/dm3 (NH4)2SO4 and 0.5 mol/dms

NH4F at 10V for 2 hours.
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Fig.7-6 Cross section of the electrodes.

I : SEM image for 80/20 = Ir/Ta catalytic layer on titanium substrate anodized in the
solution containing 1.0mol/dm? (NH4)2SOs4 and 0.15mol/dm? NH4F at 20V for 2
hours.

II : EDS image of Fig.6-(I) (a) SEM image (b) Ta (c) Ir.

Fig.7-7 Cross section of the electrodes.

I : The electrode of which substrate was anodized at 190 V in the solution containing
0.5 mol/dm3 H2SO4.

II : The electrode of which substrate was anodized in the solution containing 1.0

mol/dm3 (NH4)2SO4 and 0.5 mmol/dm3 NH4F at 10 V for 2 hours.
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Fig.7-8 Preparation procedure of electrode A and B.

0.1 vol/vol Sodium dodecyl sulfate was added in coating solution as a surfactant.
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Fig.7.9 SEM image of cross section of the electrode.

Titanium substrate was anodized at 10 V in 1.0 mol/dm3 (NH4)2S04 and 0.15
mol/dm3 NH4F solution for 2 hours.

Electrode A ( Same as electrode II in Table 6-1).

Electrode B : catalyst layer was made by the coating solution containing 0.1 vol/vol

sodium dodecyl sulfate.
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Fig.7-10 Preparation procedure of electrode C.

0.1 vol/vol sodium dodecyl sulfate was added in coating solution as a surfactant.



Table 7-2 Lifetime of the electrode made by coating solution with surfactant

PR electrolysis condition : i:=1 A/lem?2, i=-0.2 A/lem2, t=t~600 s

Titanium substrate was anodized at 20 V in the solution containing 1.0 mol/dm3
(NH4)2S04 and 0.15 mol/dm3 NH4F for 2 hours.

Electrode A : catalyst layer was made by coating solution without sodium dodecyl
sulfate.

Electrode B : catalyst layer was made by coating solution with 0.1 vol/vol sodium
dodecyl sulfate.

Electrode C : 1-3 catalyst layer was made by coating solution with 0.1 vol/vol sodium
dodecyl sulfate and 4, 5 catalyst layer was made by coating solution without sodium

dodecyl sulfate.
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Fig.7-11 Preparation procedure of electrode D.

0.1 vol/vol sodium dodecyl sulfate was added in coating solution as a surfactant.



Table 7-3 Lifetime of the electrode made by the coating solution with

surfactant.

PR electrolysis condition : i,=1 Alcm?, i;=-0.2 Alcm?, t,=t;=600 s.

Titanium substrate was anodized at 20 V in the solution containing 1.0 mol/dm® (NH,),SO, and
0.15 mol/dm?® NH,F for 2 hours.

Electrode A : catalyst layer was made by coating solution without sodium dodecyl sulfate.
Electrode B : catalyst layer was made by coating solution with 0.1 vol/vol sodium dodecyl
sulfate.

Electrode C : 1-3 catalyst layer was made by coating solution with 0.1 vol/vol sodium dodecyl
sulfate and 4, 5 catalyst layer was made by coating solution without sodium dodecy! sulfate.
Electrode D : 1-3 catalyst layer was made by coating solution with 0.1 vol/vol sodium dodecyl
sulfate, 4 catalyst layer was made by coating solution without sodium dodecyl sulfate sintering

for 120 min and 5 catalyst layer was made by coating solution without sodium dodecy! sulfate.
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Fig.7-12 SEM image of cross section of the electrode.

Titanium substrate was anodized at 20 V in the solution containing 1.0 mol/dm3
(NH4)2S04and 0.15 mol/dm3 NH4F for 2 hours.

Electrode C : 1-3 catalyst layer was made by coating solution with 0.1 vol/vol sodium
dodecyl sulfate and 4, 5 catalyst layer was made by coating solution without sodium
dodecyl sulfate.

Electrode D : 1-3 catalyst layer was made by coating solution with 0.1 vol/vol sodium
dodecyl sulfate, 4 catalyst layer was made by coating solution without sodium dodecyl
sulfate sintering for 120 min and 5 catalyst layer was made by coating solution

without sodium dodecyl sulfate.
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