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BEN EEA BEH
(1. #iTk% 2. PEMERSEFAFERRLSHPERENLRE)

wm = T Ti # IrO2+Ta0s RARAWBRBRELEESH (EIS), HET Ti %
IrO2+Taz0s BAEAWBRBERE HaSOs WH-PHmALERE AN RBAET Y. XFEREMH
WA LB oAE, EREMEIT XN ERRE [ FRAENESEE, SRR ARE /
VMR A9 AL AR R G BRI, AT, BTRREKEE, RRREH RS E R
Hok, AN HMESEREEMSEZREREOALUESERAKR. BT RENRAL, SIS
fERE IrO2 &N T0% BN E. HERENAREEAYERNSALEHEERNE, BEEL

FHARFEHERER TR
XA kMg gk IrOz Taz0s
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ABSTRACT Electrochemical surface structure and electrochemical performs of Ti based IrO; +
TayO5 anodes in H2SO4 solution have been investigated by Electrochemical Impedance Spectroscopy
(EIS). Double—layer electrochemical structure of Ti based IrO2 + Taz05 anodes was deduced, with the
low—frequency region corresponding to the impedance behaviors of the interface between outer surface
and electrolyte, and the high—frequency to those of inner surface. A general equivalent circuit Rg(R;Q1)
(R2Q2)L was suitable over a wild potential region. It was showed that after oxygen evolution the total
reaction area on electrode surface intended to increase compared with that at double—layer potential for
oxygen evolution. The modification of surface by evolving oxygen was greatly affected by the surface
morphologies. The surface modification, resulting from the finest grains existed on surface, appeared
to be most significant for the electrodes corresponding to a IrO content of 70% (mole fraction). With
the increasing of preparation temperature, the double-layer structure became less obvious, compactness
increases and active surface area decreases.
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Ti B &R ALY B ZEREA RIFo AL EERE R SR e, ERR TS
BETUAEIZHNH, HEFBREAFEKEE ) URAYSA R Y S98. EnsE
WH, 1r02+Tap0s I LAY A & FEK B PR B RAT S AL B M0 B R i AL 22 R
e, RERLERERERMEAE B 157 10 F£HRESRR A SRR R F %
FEMT FEH MR TAE &0 AR TP T AR e g4 10 | B s pidl
Witk U AR 0200 ARG (EIS) HORTE Ti BRIy oy H#9 R AT A 4 %4
RuO,+Ti02!" 1) J 10, +Ti0, 1017 S5k R, ASCRA EIS HARSMT RS 2 s iR 9 AL
PR RERHIEE.

1 &£ %8 F &

AR RMRE R E G E 18] gk (TAL) RBBUEBIAS 2. BB Kk T
FH. B—E R HeIrCls-6H20(zmmol)+TaCls (ymmol) FFAEF K 1:1 B T K ZBMER
BRIRSERT, SBRETHRKER 0.2 mol. WA IFH WY SHIRTE Ti L, WHER
B2 100 CHIMAETHTE, ETAXEPPETENEE TES 10 min, BUHEY, BE%R
Rl T4, PiESL0R 10 8, B KR ABEA 1 h, ATiH &L EEARRF k0, &R
4R E R Ti/IrO2-Tay 05 EALYIRZ .

H PAR273 BUE B AU PAR5301 ZUBIAE B ER IR FEAR AR B AL 22 30 R 40, B
MIAIFRA 0.5 mol dm=3 HpSO4, RAZHZMMIER, LL Pt Axtmtk, WMHREHR IS
b, WHKEE Y 20+1 C. RAMMBEEAN 0.7 V A 1.35 V(vs SCE). 2L PR EAHTEE
4 100 kHz~5 mHz. R FHIELRMER/N 5L (NLLS) 14 B LR 2 R4 A SCIe ¥4,
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B 1 Ti/IrO2(26%)-Taz05(74%) BA%E 0.5mol dm™3 HoSO, W Y E T (a) & Bode
& (b)E=0.7V vs SCE, %X ##H Rs(R1Q1)(R2Q2)L
Fig.1 Complex plane (a) and Bode plots (b) for Ti/IrO2(26%)-Ta205(74%) electrode in 0.5

mol dm~3H,S04 solution at E=0.7V vs SCE. R, (R1Q1)(R2Q2)L equivalent circuit is
used in the simulation
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REAMR RN ZILEMTIR 1620, R X NIZA R AP EIHA, B P A # AR L
AETT. XHEFE RS RETIBER N B A SBEBERTA B (R1Q1)(R2Q2)L, KF R
EHEME, Q1. Q ABINFAMAMLATTE. ENYRE RN BT HRABBAEE
L7 A 20,

1, n SHNHMLATH (CPE)Q: . Q2 # CPE #8%. AR 17, &1
Wiy R (R2) HRFBAREIE, FTRER TR E LRI 2r02+2HT +2e0
Ir,03+H,O 7E 0.7 V(SCE) S-S FEITE (%R AT ALZ92 0.93 V(SHE)).

#F 1 Ti/IrO2-Ta:0s HRFE HaSO4 BT 0.7 V(SCE) B AL B STIE S S BB AE
Table 1 Impedance parameters of Ti/IrO2—-Taz0s electrodes in H3SO4 solution obtained fitting
to Rs(R1Q1)(R2Q2)L circuit. Fapp.=0.7 V(SCE)

IrO2/% Rs/Qcm? Ri/Qcm? Q1/Q 'em™2s" ny  Rp/Qcm? Q2/Q em~2s" ng L/uH

10 0.9 2,500 1.4x1075 0.58  1.6x105 3.2x10~4 0.46 2.9
26 1.1 247 1.6x1072 0.44  2.0x10° 1.0x10~2 0.71 -

40 0.9 65.1 5.3x10~3 0.79  6.5x10% 3.2x1073 0.77 1.3
60 0.9 63.7 9.6x10~3 0.41  1.6x10% 9.7x10~3 0.77 -

70 0.9 70.6 1.4x1073 1.0  2.0x10* 1.0x10°3 0.67 1.0
80 1.2 64.3 3.0x10~3 0.80 2.0x10% 2.0x10~3 0.77 1.2
100 1.0 16.6 1.6x10~2 0.88  2.0x10%* 2.3x10~2 0.95 1.2

Q: BRI REH D EERE Ca,
EEXEETAYHEA. X 1F, Q HHE
10, RABATIR AR, BT EEERK / “or
i VT £ 0 P A P M M R T 4 S S0
Ve AR (1921,22) ] O, R e R AR AR o
MALRE. H24HT Cu~i0:% WXRM 5
%, HEEMLT 0, SRAFE, EF Ca 3
A 0, EA&BIFIE—. HE 2 TUE F
H, IrO, WEEN 10% . 40% . T70% Bf,

Cq BU/IME, 7 26% F1 60% IrO, AZbEUAR K on ., L o, M~
. O, &N 26% . 60% BB EREHT 0 20 40 60 80

B ERLR A, SABHE 10, SR Content of 1r0, 1 %

B, AREREENEERWEE S EHWR B 2 Ti/lrO;-Ta:0s BRFE H2SO4 WEHH

BE. IrO; FEA 70% HIIRIZREATH /Y Sk WHEBEERGHBBMIHRR (E=0.7
Boavgns O, R EEEE R PO, RS V(SCE))

T (;m “HrEWEER” M), BRI A 58 Fig.2 Composition dependence of the nom-
ANG/MEFLE, SEBEWEESBERK. H inal double-layer capacitance Cq for

Ti/IrO2-Taz0s electrodes in H2SO04

RENEBAT, Ca 5 IO, FRMXAAE ,
solution (E=0.7 V(SCE))

ETE.
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3 MERAY 1.35 V(SCE) BY Ti/IrO2-Taz0s MR H2SOs W FHY Al Nyquist
(a)IrO2 WIE BN 70%, (b)IrO: I BN 100%, EXHEESHIH Ra(R1Q1)(R2Q2)L
Rs(RetQa1)L

Fig.3 Typical Nyquist plots for Ti/IrO2—-TazOs electrodes in H2SO4 solution at 1.35 V vs
SCE. (a) content of IrO2 70%, (b) content of IrO2100% Scatter—experimental data, real
line—fitting result from Rs(R1Q1)(R2Q2)L (a) and Rs(RctQai)L (b) circuit, respectively

R 3 F, BREE D ERARPBERIAETIN, MY RONERAEELIRE E&H
B AR ERF, BhafkLagie 167 mal 0, stk re i MRRE B LI
—/ANEE. BESTREREE, St YRR SRERE R R(R1Q1)(RQ2)L, T IrO, &
&R 100% BT R R SR B BE A Ro(RevQar) L.

5 1M, ENEEMT R BEREHBH TR, —HMHTRERERZIFERGTENESE
H/ BRAEREREF B, SBEAGEEAYREX B>, REHRE TR (F2). 7
DIEY, ARE / BRAEHABXYKGEIRE (IO, MEEN 60% . 80% . 100%) S{XA
HGHHHBE (F 10% . 26%r0,) H B E 19, 10, &8k 100% B iR E R E —4
BTEIE 3, METERANZEWIER, AN n=1FH, Q. TtHEZTENAHEE. Xt Ti HEsf
IrO, BRFENT SR N F BRI T MM H 2.

F 2 HFEHEAT Ti/IrO2- Taz0s MR H2SO, B FHEGISHIMASER
Table 2 Impedance parameters of Ti/IrO2—Ta;Os electrodes in H2SO4 solution obtained fitting
to Rs(R1Q1)(R2Q2)L circuit. E,pp1.=1.35 V (SCE)

IrO2/% Rs/Qcm? R;/Qcm? Q1/Q 'em™2s® n;  Re/Qcm? Q2/Q 'cm~2s® =ny L/uH

10 0.9 1,830 5.0x10~5 0.50 1.7x10% 3.0x1074 0.44 9.03
26 1.2 13.8 3.8x10~2 0.38 188 6.8x10~3 0.72 -

40 1.5 39.3 5.4x1073 0.80 297 4.3x10°3 0.82 1.3
60 1.9 21.0 9.7x1073 1.00 267 1.2x10~2 079 0.9
70 34 9.3 6.9x10~3 0.92 39 1.56x10~2 0.97 0.8
80 2.7 10.0 5.0x1073 0.70 21 3.5x1073 0.83 1.0

100 2.5 - - - 4 2.7x10~2 1.0 1.3
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M 2 HEEER, BBTEE Q1. Q&
MRS DRUERR, T O BT iE AR
FEEERE, SBRNEEAES. BTR
SRR, IrO; FER 70% KX FEK
AR (45 0.7 V T, Qi 3#KH 5
f&, T Q2 HKN 15 fF). O FRA 10% ,
26% B FERT R T Q2 I TRESILA
1 B P AR AT B LR AR i 4. 5
2 Ak, B 4 BIERATBRE £ TR,
XEWREE PEERE BOHE O HEE
W E 2 BB R BB R B SEBR AT O2 BLALIXPY
MR R Y RS R OE, KRR R AL
T IrO, &N 70% Ky AR R RA =i
=% 4=

n HIRUE S5 R A Ry ST 6 POL A
f)5, B R RARTT AR,

% 3 REHEEE Ti/(70%)r02~(30%)Taz0s BMRTFE H2S04 MM L 2T SHI G 4R
Table 3 Impedance parameters of Ti/(70%)IrO2—(30%)Ta20s electrodes prepared at various tem-
peratures in HSO4 solution obtained fitting to Rs(R1Q1)(R2Q2)L circuit

E(SCE) T/ C Rs/Stcm? R;/Qcm?® Q1/9 'cm~2s® n; Ra/Qcm? Q2/Q lem™2s® ng L/pH

/V

0.75 350 0.9 8.1 1.6x1073 0.52 5.0x10% 1.5x10~2 050 -
400 1.1 22.1 1.3x1072 0.63 1.4x10% 5.0x1073 0.77 1.2
450 0.9 70.6 1.4x1073 1.0 2.0x10% 1.0x1073 0.67 1.0
500 1.3 16.7 7.9x1078 1.0 3.1x10% 9.1x10~4 097 1.1
550 1.4 2.0 3.5x10~2 0.71 3.5x10% 8.6x1074 0.84 0.7

1.35 350 1.3 12.3 4.9x1071 0.24 3.1 4.0x1071 0.83 -
400 3.0 9.6 2.2x102 0.66 19.5 1.7x10~2 093 1.1
450 3.4 9.3 6.9%x1073 0.92 39 1.6x10~2 0.97 0.8
500 2.1 12.6 2.0x10~2 1.00 73.8 1.3x1072 1.0 1.1
550 2.0 1.0 2.5x1072 0.86  261.4 1.2x10~2 0.86 0.8

SREE B AR BT I RESIE TR, S8 n, EHK, n HTEGEL2).

2.2 HlFBEHRW

%3 %W, HHSEENLF, R WERER” BFTEXN Q: EHHTH. HreEmiT,
R, (EFERE EFHTIRIK, (IR M5 B R v LR SRR o W2 RO SE 2 AR ) B B ROV AR
R, 7E 350 C 4 T8 IR EAEAT R M 72 il 2 B B v LR (7). ZESE R Y iR
T R, {HARK 5 bR 0 KRG SRS, XRIAN Q: ETH. HMERENT
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. BBEENGES. HHERE, SEOEFERERTE . BAN, M SRR EF n 5
K, GEAI AR TS BR R Ry ST TR (6720

3 & 175

Ti & IrO2+Ta:0s IR & S ALY B M EA LB BibF 5, RSB MEHIT Xt R Btk
SR | AR AT N, TR SR BN Y PR / YA VR AL T Y B AL S A e AR e iy
FPT. AR EAXESHEHFASERERE R (R1Q1)(R2Q2)L. TEHTE “WHEX” Wikt
EHEY B SREERL. ENEEMLT, BREENERNEFRER, HFHESIaER
REMBEEAZRRERENHASESERBR. hTREORAL, XFSEERE 0, &
B 70% Bt B 8.
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