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Ti 71%) TiO, 5738 Ek&2vl $APHCE Z3 & [10,-Ru0, 292 £-43} dip coating &2 A2ttt ZH
Z9o FHHE P77 8t F7183ET glass frire F 71T TaguchitB el Bl L2 x3))e] Aamd
E ©]83l9 IO0,-Ru0, ] HAZZAQ Qztel 2 2o HASE HARLUEE &4 B3 F3Fy =2
B2 ZHZ} ethyl cellulose®] HEE 100cp, AZLE D A7+ 170°C 208, @225 2 A2 750°C 108, A%
A B2 glass fiite] FARIE 99:5, HEGH YA THE 1208, FUAEFL 5scemo| Tt BAHEN A, Fol5F0] o=

0.13] EAF o= 90% AlZFA oAU

ABSTRACT

IrO,-Ru0O; films were deposited on plasma sprayed TiO, buffer layer above Ti metal by sol-gel and dip-coating method. Organic
vehicle (ethyl cellulose and o-terpineol) and glass frit were added to improve adherence of the coatings. Taguchi method and L g
(21 X 37) orthogonal arrays were evaluated in terms of current density to determine the optimal combination of levels of factors that
best satisfy the bigger is better quality characteristic. The observed conditions were as follows: ethyl cellulose (100 cp), drying
temperature and time (170°C, 20 min), heat treatment temperature and time (750°C, 10 min), the weight ratio of IrQ,-RuO, powders
to glass frit (99:5), final heat treatment time (120 min) and flow rate of air (5 sccm), respectively. ANOVA analysis suggested that the
influence of the factors within a=0.1 was significant with a 90% confidence level.
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2 AT Yom AWE nile AYTFE ol A S5
HAEAZ 10,9 RuO, AHsHEo) Byt wah
3 4 AFE T F5 9ol TG AR FHe 2]
sehd 543 WRAHE SANA $E 497 U7

1. M =2

HolFS 2F3}E (transition metal oxide)E-& & U+
A& (bulk resistivity), EH4H5-/d(diffusion barrier properties)

2 e 23 KA Ee #71318HE B4 (electrochemical
properties) WZol kA 2 Cl &3 A (oxygen or chlo-
rine evolution anode)?l] ] ©)&5x Jr}t."® HAojg& 21
ke F 3% T 7FE 22 HEFX 3 (contact resistance)
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AE F7IYE BRaEHYE P 53 LA R4
A AHEEE At g Fo|Z, AolE, FX2E& IHA
(structural fixture)5ol Ti/Ir0,-RuO, AFe] da] AREE L
g)ch 19

ol Ti¢k r0,-Ru0, =7+ S 745 (buffer layer) S
2 Eef=v} AP (plasma spray)2Z A2 E TiO,= &
HE Y (sputtering) . 2 A Z2H F7+EFHRT TITIO/IrO,-

RuO, A3F9) FA4& 713, #7318 ethyl-
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Taguchi& ©838+ TI/TiOy/Ir0,-Ru0, AF<] FAEA 243} 583

cellulose®] A7} r0,-RuO, H=e] 4= (service lifetime)
of ZAHolgty RIHATGY Fatzo} AP 25
HEog AzxH TO,° 2AE 7= 77 60~200 nm,
10~50 nm= AR Y] 27 AHFE AR/ 35S
Ashs ZAAYAS HHo] FoABRE MAFEEHC] F
7bated WalAe] Frheittn BuE et §7183Ee
Az Al ZYQe] 2 e FE, 71, §7180,
A o] FdalA HEH| WA #dH 7Te
Alojsta mute] EAXAE wYsHA XEE AA HF
o] £ ARAIE ATL vtz LEHAJLY B
AFAME THEU TIOE ZehERvF SAPHORE A=z
% I0,-Ru0, THZS F7|13¢EWT o
2 Sute] W2y 233 ¥He) vM2E S A stnA”
lead borosilicate glass frit(PbO-B,0;-5i0,)% A7t &-4
3} dip-coating 0.2 23t HFLE} FHRAS F
Z3le] glass frite] H7EHE RAMEICH AEF R A
FAUEE S48k FSH(SN natio)z HBAIA 4813
t}. Taguchi'Vell &J3) 7H2¥ ¥F2F3H(quality engineering)
o] AEwyel o 54 (bigger is better, QC=B)2-
Z35E Adxfactor)F FE(leve)d] ZH FHHZAL
ZAPEA T B4 Al AREE QA 28F0] el <)
Ao} 35:z0] Al AAE M Lig2'x3)e HAnAE
& o] g3l HA L on B2 (analysis of variance,
ANOVAYS B8t EA80 g sidagicy. >

ol @

2. Afuy

2.1. Taguchi A #Y

2 H¥oX = Taguchi AFAZE 7 &z HAE
At g2l AAE dudPd 245 E F
A o1z} (ethyl cellulous 10cP, A2 &% 170°C, &4 &%
650°C, AZF AJ7F 208, dt4& A7+ 158, A=A powderst
glass frite] F-A B]& 97:3, 2AAIZF 908, F F7NF
1scem)E YA FTHY A "I A AAIg A
o]th') Table 1S Taguchi A AU A3 Z g
olm Li(2'x3)E FAFT B AN 34 AEE
ethyl-cellulous F=, A%, XL, AXAZ, ¢
el AZh HEA powderst glass frite] FA v &, HF
AN, FY A FT 7HA HEE 7z A B, C,
D, E, F, G, HZ ZASATE 2958 711 ARIARE A9
Bt 35202 ASH I Table 29 FA 88T} Table 2
ol B AXE wdeME - ¢ A 9F
Ao g AEe THHEHTE dEAMEEH QEXKOZ )
At Glass frite @320l Hgaof s, FA4
9} FHEdo] Yoo} 3lEE FTukg plass fritS PbO
7t 28 AL A=Y B A7olA ARR-E glass frit
(70 Wt%PbO-8 wt% B,03-15 wt% SiO,, No. 8000, Shin-

Table 1. Experimental Descriptions using Level Notations for
L15(2' x 37) and their S/N Values

No. A B C D E F G H S/N

1 1 1 1 1 1 1 1 1 32.5350
2 1 1 2 2 2 2 2 2 33.4562
3 I 1 3 3 3 3 3 3 37.4297
4 1 2 1 1 2 2 3 3 35.5334
5 12 2 2 3 3 1 1 38.1051
6 1 2 3 3 1 1 2 2 36.8576
7 1 3 1 2 1 3 2 3 374525
8 1 3 2 3 2 1 3 1 36.6121
9 1 3 3 1 3 2 1 2 39.2104
16 2 1 1 3 3 2 2 1 34.6704
Inm 2 1 2 1 1 3 3 3 43.1392
12 2 1 3 2 2 1 1 2 35.0922
132 2 1 2 3 1 3 2 37.5865
4 2 2 2 3 1 2 1 3 36.2458
15 2 2 3 1 2 3 2 1 33.6530
le 2 3 1 3 2 3 1 2 404230
17 2 3 2 1 3 1 2 3 37.0654
18 2 3 3 2 1 2 3 1 40.9782
Total Sums 666.0457

Table 2. Factor and Level Descriptions
A B C D E F G H
cp) (C) (°C) (min) (min) (Wt ratio) (min) (sccm)
1 10 550 150 15 10 99:1 60 1
100 650 170 20 15 97:3 90 3
3 - 750 190 25 20 95:5 120 5

Level

heung Ceramics Ltd., Korea)2 HE9} 2T &AL 7
3 Aoz dHAAS, fEldeler ¥ §He 744
8.27 x 1075/C, 408°C, 480°Co] it}

Table 1914 z+ AR T siFsle FHARALE A
HE Ax3, Az" gtete] Ae H7HE HalAa o
Z2o] AL E 2H3HY. 248 AFEUE e ER
Fh(target value)S 2 A3le] FA/AA7} viX e 8L S/
N #to 2 EA34nh. 24 & goj AH8-5s SNH|E= 4
el 28l BF e SNH| rog shabsignt. A(1)e
FEX(QC=B)2E S/NB| Fto] T F4F o= 9
ujg 7HR T

M:

S/N=—]010g10[ 51-) 1)

A1IA ne yo] WE Foln yi= B WA Uy
JoN #H=E AL A% =4S Yehi, 7 2A
Wo] SN e o] 83ke] A(2)2 o4 ANOVA B4
stglchD

1
n;

=

A 398 A 63(2002)
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St AR, Te 42 528 B4R &, ne 2F
=47 A%, Te $AFHE Yehdoy

2.2. IrORuQ, T2t M= o MFYT XY

22.1. rO,-RuQ, (2} Xz

5x5x3mm?l Ti 7S ARESIC #22008 o] &3
F Avkgk & 90°C 6 N9 HCl &4 A 1417k Mg 3
Rl AASIAT Ti 7)2e) F2pzek SAPELO o
43t TiO,& A Zsle £-4 9 dip-coating® 7|HOZ
ARESEATE Eet2ut AP AERAS FREH
28 71€E0] Yk Y &4 g2 iso-propanold o-
terpineol®] 23] B &L §8:22 §A 3L Ary B2
o1 1IrCly - 3H,05} RuCly - xH,09] H3-E2 ¥ n)7}
1:92 319521, ethyl-cellulosed2 AxA 29 5wt%
7t HEE HrVeoh 2 dERFeE AHE 13 HA
T AZ, dHIUNAE 132 dlo] AR 53] e &
HZF A& sk

222 o] MRAUx AMFHUY

A=) AFYU E(anodic current density) Al ES $3le]
ASTM GS5°ll 7|z3&be] 7] 31812 254 (polarization
test) S AT Asjd e ez AE 3.5%
NaCl €9 (pH 6-7y& AME-3IAUIL, BEZR AL 2 chloride
15+5ppmS! FEE(PH 6-7)& AHET}. 7EA TS
EZ3}Zr2 WA= (Saturated Calomel Electrode, SCE), At
T FANFE g7 Asant? A4 we Aue
A7 B3 el AN F F27 9% (potentiodynamic
method)_ 2 7)¥-74 $](open circuit potential)of| 4] 9] sweep
2 06Vhe] £52 18V SCE7HA &4 stdct?

3. #@3 ¥ H

249 AREE &2 ADE o8 SNUE 39 gt
7 ANOVA 495 st AFFS)e 72 ZHz} Table
19} 30 Yelfiich AFEE ol tigh SANH| 38 o]
&3k 1, 2, 3 FE(eve)E T2 AN T, HO)E T
) AlFE-E F3HATE ANOVA A A33he 78
oz HF AFHV=S¢)} F-EXEE °]&3 f9
T RE)S Abeted HAH e FA Ao 2K factor)ol
)8t A1 #] % (confidence leve)E ZAetAth!) Table 49}
5% ANOVA XM Z#Eo|m ZHz} pooling M ¥ pooling
FE veRd Aot B AFVyE AFFS)S A
Z(OE v #g T, AfEs(FESF-1) gholth
B oA Q1zte] FF(level)2 Ax 2577, BolA] H7L
A e 3FEo| B8 AFEE AE 10X, BolM HIA=
201t} @2k &2 poolingr] A7 FOE AdA] H7IA

E=R DL

CEE - RS  oI5E

Table 3. ANOVA Analysis before Pooling

Sums of Squares

Factor " 5 3 S ¢ v
A 327.1919 338.8537 - 7.5553 1 7.553
B 2163227 2179815 231.7414 238716 2 11.9358
C 2182007 2246238 2232211 377942 2  1.8971
D 221.1364 2226707 2222386 0.2086 2  0.1043
E 2272083 2147698 224.0675 139386 2  6.9693
F  215.7489 220.0943 230.2024 183237 2  9.1619
G 221.6115 213.1551 231.2790 274063 2 13.7032
H 2165537 222.6259 223.8660 8.9478 2 44739

Table 4. ANOVA Analysis after Pooling
Factor S 10} \% Fy F(o=0.1)
A 7.5553 1 7.5553 727169 499

B 23.8716 2 11.9358 114.878 9.00
C 3.7942 2 1.8971 18.2587 9.00
E 13.9386 2 6.9693  67.0770 9.00
F 18.3237 2 9.1619 88.1795 9.00
G 27.4063 2 13.7032 131.888 9.00
H 8.9478 2 44739 43.0597 9.00
Error 0.2086 2 0.1043
Total  104.0461 15 55.8008

Byt AFEV)el g vlwsHg of 7P 2R gte] &

oltt. o 32 T AA Al AR FAAA F Hg

o vjX= Yol FJuHez e FHANMDE A

olfth 7t Ao AR FFEF,) S 22 I F-
EXFE o] &3t BTt Poolinge 2}7+e] A o]
AR} Hat AlF (V) #HE AHHOE Hiwsle, 2
e o o) TFAA FRsAT 7 ZS ;e
£ DIE 23} FOF poolingdt F F95F o=0.1(90%
AF F74l A9 F-EERE o83ty 7z} <z}e] F
(0=0.1)2] & T3l Table 49 YeRfAT 2 Ao
Al de HH FHAFE 9 5 a=0.1994 FQ, 2
a=0.1) 9.002'" 71 #e e 71 ¢ AR F, 7
] 18.2587 E.T} ZO B2 (Table 4) BAIHOZ 90% A3
A AAIAD

Fig. 12 7} AlojR1zte] 719 =g vepd Aot} & A
ol o] AFIYEIE HUZE A7) fgolnz 3
HELQC=ByE AL, H4 F3AX= 7+ <
2o #Fete FE FolA SNY ge 7P =3A sk
FEg Agsiroernz HHo FAAA e} £Ee] 23
Fig. 1614 B 228 A,B;C,D,E,F;G,H; 2 ANOVA
Aol 97 90% o)) AP xZ el Fig 20014 3
2o} FA2Y] Ao 7713 FES A7 gl A
+o AREE 7E YeliA FAe FAARS H7b

1
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36.60 74
o 3855 38 372
2 3650 37.0
5 3645 6.3
36.40 36 388
36.35 38.4
1 2 9 2 %2 2 3
Factor A Factor B Factor C
37.45 38 e}
37.10
8 3705 38
S 3700
£
% 3695 a5
36.90 36,
36.85
1 2 3 1 2z 39 3 3
Factor D Factor E Factor F
38
38
S
B
4
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1 F] 1 2 3
Factor G Factor H
Fig. 1. Main effects of the 8 factors.
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Fig. 2. Polarization diagrams of (a) A,B;C,D,EF;G;H; and
(b) the [rO,-RuO; films without additives, respectively.

A7t Qe A9 AEFLE P 2 0097 Alem’s}
0.065 Alem* |t} A@AF, 9] FARA(ABLCD,E,
FiGyHy)ol 7189 A0 AzE AFo) Hl&l d7Y
= ZolA oF 150% TR Zlo) BEEHAUAT

Fig. 3& $Y3 2HdM AZXLE(O)E 150°C, 170°C,
190°CZ 747 ¥3kA A SEMS Byt AxesE
150°CS}E 190°ColA X elstd e of el #3Y 944
Eo] #AE AT, 170°C(Fig. 20N #2sA] kel
Fig. 45 74 QA2 EDXE A 43 Roz 74
9 At Ir0,-Ru0, H=he] FA4E< IrCl, RuCl,, ClE
o2 FAE Aol AFAEHAUTH 190°CAAM HE 2¥Ae)
F2 Aol FAHAUEH, ©lE Clo] bumingdts] 471
neow AMREC AgA oz 190°CoAM Y HAY o
go) Bwrt M B 170°CHME o9 Wy & 9
U Aido s zZgodr) 9 d4L 1z A BAd F
ZEe] Jde HYHEH, &9 2 7E dREF[IF FE
slHA] o] M2 (shear stress)o] A s FE

Fig. 3. SEM micrographs of the IrO,-RuQ, film surfaces after
drying at (a) 150°C, (b) 170°C and (c) 190°C,
respectively.

G ZREN= Aoz FARD) B8], 190°ColA 150°C
W 170°C B FA4s S8 f4o R g AngHe &
Hog euAy #¥8UErt M w& 202 Al8H
th 22y, 170°CelM = B P9 dR7E BFEA
oFoke Wk olyz} wel WA P g 2R BotEd)
ethyl-cellulose”t Z 719 o-terpineotol] 28332, 1ClL3
RuClo] 4jolmA Babd) A8S sk AzxHz] A ICly
3} RuClel vl A3}t sua T8 depe dvsd

) 394 A 6 5.(2002)
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Intensity (a.u.)

20

Fig. 4. EDX analysis of the surface particles formed after
drying process.

< A5y FELAL RFo HFHS ALt A &
Aoz AsdAdd A¥AoZ Fig 3b)lr Be RA
g ®wo] 170°Ce] FuollA 7Y #ds AT 484 2
= ANOVA EAS 38 9 ZAxer 2 YAt
ANOVA EAd] olapd Aozl CAZREE)7E C(170°C)
2 g A ARUE Aol 7MY e, Az
7 #EAS BT ARLET} 170°CAM AEH +4E
Lert 7 weky EHe] #dd 4o EA ANOVA
B3 e Ayt #EEITh

Fig. 55 9x8L%(B)E 550°C, 650°C, 750°CZ #H3}
A7l SEM ## Aot} Fig 5()9t ()&= € Fig.
5(c) (750°Cye= ZE Aol 2L Bk ol FH A7
L 7)1Fo] A #FHA Fokrh AxAHANM FLEol
RS g B AFME glass fritS H7HSIE7] wiEel
Fig. 5(c)¢t 2ol 7133 @go] AAoH g =3
o] #a=ch! Fig. sollMe & 4 AT YRt oR
AEA glass frite T2 AN Hd(liquid glass)O=
Wate] mAl# o] BT R mute] FHAA A
HE 71Zolyd dE5oE AT #E S A
e Aoz 2HA Y ANOVA 42 S vehd
B 1zt thsh By(750°C)lA EAelgoan AFEe A
So] 7b $FatA vebga, vz dE el dA
3ttt Fig 62 glass frite] H7TFF)E 5wid, 3 wik,
1 W%Z A 7w Fge] ARYEE FA T 2]
ok, ®7bgo] 7Hade] wEl AFUEZE 0.093 Al
0.073 A/em’, 0.062 Alem’E 7HA 3t} Glass frite] 7t

e DRLToR

Fig. 5. SEM micrographs of the surfaces after heat treatment at
() 550°C, (b) 650°C and (c) 750°C, respectively.
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2o ZriAzlo s ulute] W Aglo] idtd ARY
Azo] L8] A= Ao AlmETh A A3 =3
ANOVA ¥ A zel =3kt

ANOVA 2473, 3 e] F7A2Kfactor) B FF(level)
o] z¥L A,B;C,DE FGH o Atk TYTIO)Ir0,-Ru0,
AFe] RAEA F4S A% HHY FAHXRTL ethyl-
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Fig. 6. Polarization diagrams of the IrO,-RuQ, films contai-
ning (a) 5 wt%, (b) 3 wt% and (c) 1 wt% of glass frit,
respectively.

cellulose®} &7} 100cP, AZELE 170°C, AZAIZF 20
i, EMYLE 750°C, X7 A7 108, A% powderst
glass frite] FAESLS 95:5, HF Fxlg A7+ 1208,
F9 &7 5scemolth. Taguchi ¥} HmzHo) ¢
g BabEA Aibe AEHes £33 ARIES SEM
AT F IAFFALH TYTIOYIr0,-Ru0, A= A

Z Al §718EF glass firite] H7PF FHEAY Pl
A

4. @ &

TYTIOy/IrO,-Ru0, H=¢] 721548 Taguchi 3 Ly
(2'x3)e AuHARE o)¢ A3 3 A3, Y TAH=
72 ethyl-cellulose 100 cP, AFL% 170°C, ZAZRA|7F 20
E, dxg] &% 750°C, €22l A7k 108, AxA) powder
9} glass frit?] FA H] 95:5, HFE A 1208, FU
F71 % 5scemo]Th. AUV 9l FAZRAOE A
Z" HAFo) vle) {71335 glass frite] H7E FH
A0z AzE A AFILE Heol 150% FAH
Act. ANOVA #4743, H¥ 421 FeloE a=0.1
o] SFsleE BAXHLE 0% AR FHoE HAEgd A3
o 2 dX skt

Ul

B e A7IbleAd el oa sRENen o
of A =EYuth
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