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Study on the Corrosion Resistance of IrQ:-Ru(Q: Film
by Taguchi Method
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Recently, the study of IrOz;-RuO: film have been done in the field of cathode protection. The
film have been used to protect the constructions, the bridges, the ships and the underground
pipes from the corrosion environment. The purpose of this investigation is to find the optimum
process conditions of IrO2-RuQO: film to improve the corrosion resistance. The films were
fabricated by four conditions with three variables. The first condition is the film with or without
bond coating and the bond coating was made by plasma spray process or sputtering process.
The second condition is heat treatment temperature with 400°C, 450C and 500°C. The third
condition is volume flow rate of air with 3, 5 and 7 standard cubic centimeter per minute. The
forth condition is heat treatment time with 60, 90 and 120 minutes, The process conditions were
analyzed by the Taguchi method. The best film of IrOz:-RuQO: is the film with bond coating of
TiOz to be made by plasma spray process. This film was treated at 450°C for 120 min with

3sccm volume flow rate of air.
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2. AlEuY
2.1 Taguchi AIEIH/&®0

AZZHWUSFE Table 13 20| Lo(3") ARAE
(orthogonal table) & AY3HNY, AoJHFs o
# 7ro] z} ZAd) tiEl A 37HAZ HEAI A

A (37F ¥ —
A;: Non Bonding Layer
A2 sputtering processE °14% FHF
Asz: plasma spray processE ©)&-% F7+3&
B (2% gAHgLE, C) —
Bi: 400 Bzt 450 Bs: 500
C (3¢ &7 %, standard cubic centimeter
per minute, sccm) — C;: 3 Gzt 5 C3: 7
D (AFIA Az min) —
Di: 60 Dz 90 D3t 120
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Ay 22 AP FAAFUE ¥ SN %
oz WP LAHAS AgH T AN
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2.2 Ir0,-Ru0; &2t S7t& H|x=aky

Z1B|o g AHEEE 50x50x3mm Ti plateE sand
paper( #220) 2 polishing ¥ ¥ 90C 6N HCI&
oA 1A17t etching A7l & 82& F/FRFE AH
syt ZHL9-2 [so-propanol 30mol IrCls -
3H:0 : RuCls » xH:09 ¥3E2 mold]7} 11 98
A Z3sl ek Dip-coatingAl 13+ AZXLE& 130°C
A 108, 23 AZRe A2¥EE 9999% 7tAE ZH
Z+ 3, 5 @ Tscem®B FYUAIA A4 E97]A
Zb dAe LEZ7A(400C, 450C ¥ 500C)e=
1087y AzAZed, 1a), 23 AXA=E lcycle
2 A3 53 v A¥EH F 60~1208 ¢ F
Q] Z71(02%E%E 99.999%)E 3, 5, Tsccm oA 3
Zgx2 (400, 450C, 500C)E HAE, top-
coating © & Ir0Oz-Ru0; =g AZ3Hc 53
B2 titanium oxided AH&HA FF FA
W2 sputtering "WH(ZRY 5= 3um)# plasma
spray (282 F7= 15m) & o835 HAHA
ou, o)y AMEF 7L Table29t Zth

Table 1. Experimental conditions of Ls(3") orthogonal
table for Taguchi method

No. A B C D
1 Ay B Ci D1
2 Ay B C Dq
3 A B3 Cs Dy
4 As B Cz D3
5 Az B Cs Dy
6 Ay B3 Ci D2
7 Az Bi Cs D2
3 As B2 Ci D3
9 Aj Bs C. D,

Table 2. plasma spray conditions and sputtering process
conditions

Plasma spray conditions Sputtering conditions
prg‘;:ry Ar |80scem| Ar flow | 500 sccm
GAS secodary
H: | 15sccm
gas § v?:l‘]lzlm 8.5x 10 *torr
power 500
AMPS 64~70
- D.C power 3kw
spray distance 85mm
feed rate 3kg/hr rotating
speed of 10 rpm
GUN IMB substrate
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rent density) 9 7HEFREAREE At ASTM
G5 71238t g 72 FRE ol&dtd A7)
383 2343 (polarization test) S Q134T

1) Potentiostat(SI 1286, WMPG1000 Multi
Pot/Gal)
2) ¥=A R (polarization cell)

ASTM G5¢) 7|2% 234A Bdoln, 25H
F(working electrode)?l BEEAYFE FY 4
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(counter electrode)©] FZel $X3H 7EAF
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A 2380 AdAaFogs 2913 (graphite elec-
trode) & 71EAFL2E 232 WA F(saturated
calomel electrode, SCE) & AH&33t}.

ABo 2 HFL2ACRZE pH 6-7, 3.5% NaCl
LRE AHEEYT Agdake v 2t
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(NEAFLS ZU=AAT

2) AME 1A B Asjde] AAAZG

3) potentiodynamic method : ¥4]A ¢ (corrosion
potential) A4 Al&tsted A9 2Y(potential sweep)

£06V/he 9A% 4£E & open circuit potential
o 5 el 18V SCE 7kA] potential®] 3o} w&
AFAE 3t W3lE S
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Table 3. The results of Taguchi analysis

No. A B C D SN ratio
1 Ay B C1 D1 0.0478
2 Ay B Cs Dq 0.0444
3 Ay Bs Cs D3 0.0497
4 A B, C» Ds 0.0405
5 Az B Cs D1 0.0604
6 Az B3 C1 Dq 0.0571
7 Az B Cs Ds 0.063
8 Az B2 C1 Dy 0.0761
9 As Bs Ce D1 0.0509

Table 4. The average and effect value of individual level

FE4 H4IX 5 7l9E
Al 0.0473 -7.1%10™
A | A2 0.0537 -0.7%x10™
A3 0.0633 8.9%10°
Bl 0.0504 -4.0x10"
B | B2 0.0603 59%107
B3 0.0525 -1.9x107
Cl 0.0603 59%10°
c|C2 0.0453 -91x10™
C3 0.0576 33%x10°
D1 0.0530 -14x10™
D | D2 0.0554 1.0x107
D3 0.0548 04x%107
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oy, Table 1§ Fdted EAEW F7H5-E plasma
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Fig. 1. The standard declination of individual factor
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Fig. 2. (@) The potential dynamic of specimen No.4
(b) The potential dynamic of specimen No.8
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®, Figure 2014 A¥swel 7$ 0.0761A/cm’Y
W AN S 00405A/cm’E UERAITE B A
FUE ol 2 N ES WA HAe] AXEER
EFHFQ wo] 7Meds] wWEA Ag4d AR
o A 2RoE AZH JF9 HTol ¢+
o3 gl

2832 Figure 2 AF(A) @€ F8E FL
E g8y, F3e Fiee Ade S3%s
oz FFste] FHsEY. AFLE e FEED
oz FAE AL loglztr EA AL

3.2 OMTE B

AFLE 2343 7 5% PAAFE dE
WE AEsHs I doi A¥49d v 2dAS
o, Figure 3914 B & AXo| nwe] W4 AF
a5 742 3A JFE vAE 24w FUF A
Zuhgd w2 ulbZ HIE Algdd & F

(a) x100K (b)

x 100K

(a) x200K (b) x200K
Fig. 3. (a) The TEM image of TiO. layer by sputtering
method
(b) The TEM image of TiO: layer by plasma
spray method

242 74 A9 grain size?t PASH(EEIALS
sputtering™ 2.2 F7+3 AR) ¥WIAFIUE 7ol
ZAaEn, wlE grain size7t TUIZIH(AHEIHS
plasma sprayd 22 215 Ax) PHARLE #
o] Z7/1& ¢ 4 Atk F grain boundaryE A
9 EEE JAEE dF9 defectg¥E 3HH,
grain size?} A EFE JiiHoR 99 WH 7
grain boundarys=7t WelA olE® AFLE e
2ol 7b Uebd Aotk plasma sprayd o2 F
72 & AZF #A$ grain 271E 60nm~200nm <)
WS JERIE, sputteringd o2 F1H5E AR

(c) x100K

Figure 4. (a) The TEM image of Ir0:-RuO2 top layer in 3 sccm
(b) The TEM image of IrO;-RuQ; top layer in 5 sccm
(c) The TEM image of IrO:-RuO: top layer in 7 sccm
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Fig. 5. The curmrent density of insolubility cell.
{a) Ir0:-RuQ: top layer in 3 sccm
(b) 1r0--RuQ; top layer in 5 sccm
(c) Ir0:-RuQ; top layer in 7 sccm
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Fig. 6. The EDX analysis of specimen
(a) gas flow In 3sccm, (b) gas flow in Ssccm,
(c) gas flow in 7 scem,
{d) top-coating on TiOx(sputtering),
(e) top-coating on TiOz(plasma spray)
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e AR el AAMHOE gputtering WOoZ
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2 E0EY ATz 9 ZRUske) mE) top-
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W9 intensityZt ZAstA vehds TR Aot {A
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(c) specimen no. 8
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(d) specimen no. 9

Fig. 7. The XRD analysis of specimen
(a) specimen no. 4, (b) specimen no. 7,
(c) specimen no. 8 (d) specimen no. 9
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1. WA ¥3E 9% top-coating(IrOz-RuOs)
B4e HF FAZAL TiO; $7+3 & plasma
spray 22 AR}, dAHE 2xE 450C, FY
F71%L 3scem, @A A7k 120808 ¥ A
22 Yetyit

24 ARYE 4o d¥Fol 2 AAE Ta-
guchi method 423 F7&AzuY, XA
FY 3%, dAYLE, dAIANL £42 e
sttt

3. IrO2-RuO; top-coating®el (111), (200)H =
o (110), (10)WSZ AAurako] AalH Hy
AR 9k Aeol $E= 22 vehgrt

4 YEFEE ¥/ 3L plasma spray¥
& o83 oFd oz ANXFoTHN TAHE
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