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K, BRI IR S, BE/E 500 CRIEK 1 h,
B AR I DLROE AN R % 7 VARG T R
HAT = W6 50 [F) 1 AR B B AR AL i o

WA T H AR B XB-SA 1 X 2RI
AT, BRIt Cu #(Ko), Fe 8%, I
JE35kV, EHU 20 mA, HFHEE 4°/min, £ 0.01.
FIR R A O EIRE b RS o ¥R )2 BB S M 224
A JSM6700F Y44 W s BaliAT, HWiRh 10
kV. HALFINRAERT 2% Metrohm A #4272/ AutoLab
ML ARG BREAT, MR R ek H e [ml i = r A R
Z A IR KCL Hok ik, FBHBeR A 2 cmxS
em FRIZCTEMEATIR, Al AR R BRI, AR 0.7
emx0.7 cm A7 50 HLAL 27 I FL AR YA NaCl i,
Fr 4 F AL 2 IR FEL AR 0.5 mol/L (1) HoSO, ¥, AR
WEEA (25+0.5) C. WA Tafel HhZE 1R 20
mV/min; WHATEFR 2 4 4 HE 20 20 mV/s.

SR 203 BT S SR FH i Ak PR 2R 2K 1% 2 T TR Bk
ATXF Ao SRAG FRAR SR AT G T A R ARAE S AN,
B AT A B, B A)BE>1 em, B 2 mol/L 1) H,SO,
VW, HIUREFELN 10 Alem®, WRFEE(40E5) °C, HUREHL
JE 17V O R R R
2 HER5VHE
2.1 BREMBALEMSRRIRT

Pl 1A PPN T3 7 26 RO AR BH AR ER 2 1) X et
S . BT UE Y, R PSR AR il H A A T

F 1 KRB =BAAERE
Table 1 Coating structure of titanium anode
with sandwich structure

Sample Technique Coating structure
No.l  Thermal decomposition Ru-Ti | Ir-Ta | Ru-Ti
Substrate| . . .
No.2 Sol—gel coating | coating | coating
oTi 4RuO, < (Ti,Ru)O,
qe ®Rutle VRu VIO,
= ¥ (Ta,IN0, #(Ti,Ru,Ir)0,
3
= No. 1
=
Q
‘E )
- <
v oS
i No. 2
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20/(°)

1 B FEM Sol-gel VAT BRI 1 XRD &1
Fig.1 XRD patterns of titanium anode No.1 by thermal

decomposition and No.2 by sol-gel
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FIANTA] o SR IO i i 4% (1) BRSO 2 I AR B 23 B B2
(Ir, Ta)O, FI(Ti, Ru)O, &4 A [E %A, A &L AT
TiOz+ RuOy. IrO,, *%%U{E?Ef/f%zﬁ@%ﬁﬁﬂ:ﬂiﬁ%)ﬁ
Bl o B4 B AT e Tk SO PR AR . SR A
SMPREAN Solgel VEHRTT AE = AR IX — 4 Ja AR

KH] Sobgel VA £ BHARWR 2 AR By T2 A
(Ir, Ta)O, FI(Ti, Ru)O, L0471 [EAAM, WA LA
TiOy. IrOy, {HEEA HILEIEET AT . B4R
EIARGA WG, AHE E A RE 7D 2541 o0
[)(Ti, Ru)O, &40 A1 [ PR AH I LU, PRI AT TS A 2R
I EET o KR IFTBERIEATEE 5 1) Sotgel 2%,
ot 4 B 5 4 T 1 AT B A BT ot R A
PV I ARAT BRI 2 FRFAEAH (T, Ru)O, [T i B2 K
AN, IS UEI T IX— A

K — R AT B e ik, HOREZEEAE 600
CLAE, PIFMRIZRAR S TR #%AA HIL Ta,Os HIRFHIE
e, THESREAEREE %, RN IrO, Al Ta,Os J& T[]
()RR GG AL, BN BT I B T A R T &4 A
IrO, HREATTRENT . ARIEN M AT e 12 LR R AT TE
AFAE o A0 P BH AR 1R P o o 0 LR AR B AT B 0, R
I3 A A T RS AT SR 05 ) 5 FE BH S5 =y T Sobgel  1FH
AR, 3R 1 B S 3 R T AR B A TR )R IX R 1%
LRSI EN ) e AR

T I AR A ST LIRS TH S R 2 B R R R
FH AR AL BARER J2 10 ok 7 1) ]RSF 24 10.9~14.2 nm,
Sokgel VEPFHARIRZ I RT3 ST 8.3~9.4 nm. 1t B
Sotgel VEAAMLARIIAER . tHTWRE TR kLAl /N,
BT ELER TR, PR IR K o R g A P e T AR
Ko WEMENTEIMTR S, SRR EI R
K
2.2 BILFIRE
2.2.1 Tafel ¥ & 547

TR, BRI ) LA R E AR P A S T A 3
DIMIER . B 2 RERBHA AL AT NaCl %590f1 0.5 mol/L
H,SO, % ) Tafel k. Tafel AN n=at+blgi, X
b Jj Tafel K%, a J BN L EAL, nOd
P)5 Igi( IR BE @ IR ROE R, Fba T HETS

p=01 (D

Olgi

b BRI A R PR N AR, FR AR R
AN PRI FEROR, I FA RN, SN TR R
e, Ui A A P

M 2a 7 LAFE H, £E 0.5 mol/L ) HySO4 ¥,
I R BH B (R BT 80 A KT Sobgel BHARIK o BHAR I
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Fig.2 Tafel curves of titanium anode No.1 by thermal decompo-
sition and No.2 by sol-gel anode: (a) 0.5 mol/L H,SO, and
(b) saturation NaCl

U A AR ZE S T L EANE, SEORE T
PR3 AN TRV 7 7 B AR P e AN TR . AR ReT LA
B tH, Tafel {2kl LRI 20 O B . X3
BHAEAN [R) B FE I, AR AT AU S M i P RO AR T
DAk ARHEA (1) AT BHAR Y Tafel R E{EH
PO TER, SO IK Tafel &% 4 0.10, Solgel FH
WAL N 0.060 75 LA LI, SR BH AR 1) Tafel
REAN 0.37, Sobgel BHARIIALA N 0.35. RIJCiBAEATHN
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W AT A8 FBLA 20 300 1.26 R 1.21 V, Hraaad Ay 2 4
0.05 V. TEw A BE T, FHER BT S B AH 22 58 B
8, By ER B 1000 A/m? I, O BH R
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I HAT A, B AR PO AT AU N R, Sobgel BHAK
FRBT S0 B TR, R R T A A A 1 B

B 2b S PHARAE LR NaCl %901 1) Tafel k. 7F
re P2 BN, Sobgel BHAR [FIREZR I H B8 4 1 b S AL
SR MR X (1) R TR A A8 AR /AL H dit 23
R =g FELUI S BE I Tafel #4263 71124 0.25 F10.10, Sokgel
FHAR Y Tafel REANBAARKZL, £1% 0.04. W2

Wi, FEVFN NaCl ¥, Sokgel BHARIRIFEA 4 S 4F (1)
AT G A 35 2 R B R ) S R P

HIJRA R 1 A/m® I, FASMEH AR AN Sol-gel BHAR
AT G FELAE 2 990 h 0.99 F11.09 V, i 2 b G Ha 47 3
fiK, AHZE 0.10 V, XA HEZ KR # a0 it B A )2 h i
1 RuO, L B T BHARAE R E o (i by S iz
L E R 100 A/m® I, FH T4 B B 42 il 20 B R AR AR
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HI NaCl %9 H, Sokgel FHIR NG 2 ih £k BT [l 1)
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Fig.3 Cyclic voltammetry curves of titanium anode (No.1 by
thermal decomposition and No.2 by sol-gel): (a) 0.5
mol/L H,SO,4 and (b) saturation NaCl
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TR NEI AT H, 7E 0.5 mol/L 1) HoSO4 1 &
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Bl 4 72 PR D 7 1) 24 B ER BH B J 2 2R 2801 ) 1Y) SEM
KHTESN o PO AR AR R AT (8] 4a) VR 2R TR “ e
FUR” REL, ARR)ZR VG B KGN ) SR H .
2 EDX 73 a0, R Bkl s & Ru HR, 455G
XRD PRSI 7, T LI A 7 H (R R0RE 2 46 J8 Ru 1T RuO,.
PO B 2 5L HL A 330 min KRS (K 4b), REH
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ORISR, 5 A A B 2= R R . SOk
(171N A, fEr @R, Tty 2 5 iz
A AT AR B PR, TR AR TR P AR O A A 2
5 JRY i 2y T R IR /N B, A7 i Ak PR B0 H gt 235
INTF R R B RRRE 45 Lk B, 1 E, 2 0],
LA PRY I A v itk 5 5 YR P g e KUk J2 AR P Yk
EUREE . FARIN O AR 280N A 28 9 A1 b B 2R ) P Rz R
TPEE, WonEl T R A RN . AN, AR
AL R IR A 0N ™ AR B AL IR 5, 3 Sl AN ] X
WA ) 22 e, HOREFERE B N i, 45 Ak A il
PER R o

Kl 4c ' Sobgel VEBIMR R AHT IR =R TH AR,
MR, TBRA—, WREHMINZELWES
M, v LUE BEEA R I — 2 80% 2 . Sol-gel

Bl 4 IR Sol-gel il 4 IR BRI AR R 280 i 1A 2 A0 30
Fig.4 Micrographs of titanium anode: (a) No.1 original anode,
(b) No.1 deactivation, (c) No.2 original anode, and
(d) No.2 deactivation (No.1 by thermal decomposition
and No.2 by sol-gel)
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AN TR R e, T B s R S R T
BT ERUS . aRAk A R AT, IRJZ R AT AR R
X3 UBHRE N MR T, B TR, RENR
v BE R FLIRI YY) 25 1k P ARV 70 7 S0 o B PR IS ) S
K, TEVERC AR, R A R S, N
DRI REEY WO IR ZIRAL, BIAER, AT i
1) TiOy, JERUR [ HLBH(P-N &%), MMk s T FHA R 2
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2) KM Sotgel il % ¥ Ru-Ti-Ir-Ta/Ti VYt 4 JE 44
RIERBHARAE 0.5 mol/L 1) HySO, ¥ WA HLAT NaCl ¥
HK) Tafel M4 H/NRIREE, IHFRR 2 th 4 i)
TR R YRE AT S 2 3G 1 i, BHAR IR S ek 5 B
P, FEAEAGTE T RIAS E R R AT

3) K IMPEFRD Sobgel V23515 (AR FH IR 4 2 4
B3 B R AR, i ] W ) “ P 2R R4,
Jo B AR, R Sobgel I TR IE HA AL
TR TR b B
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Comparison of Ru-Ti-Ir-Ta/Ti Quarternary Coating Prepared
by Different Techniques on Titanium Anodes

Chen Yongyi, Tang Dian, Shao Yanqun, Wang Xin
(Fuzhou University, Fuzhou 350108, China)

Abstract: Ru-Ti-Ir-Ta/Ti quarternary metal oxide titanium anodes with sandwich coating structure were prepared by thermal decomposition and
sol-gel method, respectively. The phases and micro-morphologies of the two coatings were investigated by means of XRD and SEM. The
electrocatalytic activity of the coatings was studied and compared by Tafel curve and cyclic voltammetry curve. It is demonstrated that the main
phases in the coatings prepared by different techniques are mainly rutile-type solid solution (Ir, Ta)O, and (Ti, Ru)O,. Metallic Ru is found in the
coating prepared by thermal decomposition. The crystals in the coating prepared by sol-gel are finer. The morphologies of the coatings by thermal
decomposition and sol-gel are obviously different. The former is distinctly dry cracked-mud like, and the latter shows the detritus-type. The result
indicates that the titanium anode prepared by sol-gel have the better electrocatalytic activity and corrosion resistance than that by thermal
decomposition.

Key words: thermal decomposition; sol-gel; titanium anodes; electrocatalytic activity
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