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Coloring Behavior of Stabilized Zirconia
in the Reaction with Active Metal Solder

Toshiki MITSUEDA and Toshio NARITA
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Abstract

A stabilized zirconia ceramics becomes colored brown near the interface when it is
joined to metals with an active metal solder. To clarify this coloration mechanism, joining
of ZrQ,/Ti* Ag-Cu/ZrO, was carried out in vacuum at temperatures between 1073 and 1273K
for up to 14.4ks. It was found that the colored zone grew parabolically and the activation
energy was 201kJ/mol. The reaction product of TiO was determined by the X-ray diffrac-
tion method. The diffusional analysis of oxygen showed that the colored zone appeared in the
part of zirconia with oxygen pressures below 107Pa. When the colored zirconia was heat-
treated in air, a reversible color chnage was observed from brown to white.

The coloration seems to be due to the transition of electronic states between Zr** and
Zr**. This energy change is caused by the electrons accompanied by the formation of the
oxygen vacancies when the oxygen of the zirconia transfers toward the interface and reacts
with titanium.
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Time
0. 9ks 1. 8ks 3. Bks 7. 2ks | 14. 4k s|
Temp>
1073K}| 0. 3303 — 1. 283 Re— 2. 842

CmmD

1173K| 1,893 2. 793 4. 232 5.677 7.9285

1273K | 4. 164 6. 307 3. 098 —— T
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WRE Temp. (€) | Do(w?/sec) | Qlkeal/mol) FOMEREMGE
Debuigne® 400~850 | 1.05x10°® 29.3
1060~1200 7. 11x10-2 33.6
Cox, Pensler™ 500 natural oxygen
400
Madeyski, Smeltzer® | 800~1000 | 9.73x10°3 56. 0 Po2=300xHg, monoc!inic
Roberts, Roberts® 1075~1200 ~30 Y,05-stabilized
Rosa, Hage|'® ' 600~850 | 2.88x10* 28. 4 Po.=400Torr
875~1050 | 1. 36x107* 28.4
Poulton, Smeltzer'? | 990 1.9x10"12 monoc| inic
Korousic'® 1100~1600 50. 0 4, Tat%Ca0, 1. 45at%Me0,
0.8at%Fe,03, 0. 1at%Al,04
C. A. Leachy, P. Tanev, 19.6 - bulk
B.C.H. Steel'® 23.2 |~ grain bondary
Ando, Oishi, Koizumi, | ~1400 35.8 12mo1%Mg0, cubic
Sakka'®’
Perry, Feinberg'® 1227 3. 26%107° 12mo1%Y203
Samokhval'™ 1200~1400 56. 4 Zro.s5Ca0.1501 85
Pal’ guev, Gil' derman,| 300~1250 36. 4 -t~ 1bmol%Cal
Neuimin'® 34,1 10mo 1 %Y,03
35.8 - 10mo 1%Sc,0s
E.Sonder, R. A, Zuhr, | 375~475 22.7~23.6 | 2~8mol%Y.0s
R.E.Valiga'®
Cales, Baumard?® 18.4~28.6 1 4.8~12.0mol%Y,0,
0~3. 3mo1%Bi.0s
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ZOWSEBRRO—RFEZ, A, BEEOERELT,
c=A+Berf(x/2 v Dt) (5)
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PUFw, 1273K & B 2 57 VE{LMOESEERER T ALV — AG” 2R 7T,

2Ti+0,=2TiO AG’ = 840716 (J/mol) (8)
Ti+0,=TiO, AG" = —714933(J/mol) (9
4/3Ti+0,=2/3Ti,0, AG =—786739(]J/mol) (10
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DIFMBEST L EZ N5, 22T, TiO & Ti,0, OFEBESFE 2RO CREOBESE
ZEBZ LT B,
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2/3T1,0;=4/3Ti0+1/30, AG =-226262(]J/mol) (11)
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c(i) =log (10229} = —22.9 (14)
c(b) =log(10-3) = —3 (15)
L7eh->T, Yva=7HROBESEDHHERANTEZ 51 b,
logPo,= —22.9+19.9erf (x/24/Dt) (16)
B0, 123K 2B % Y )va =7 RO OIEREE 5 X10°m?/s LIRET % &,
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0 5 10 15 20
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1/20,+2e~— 0*- (18)
2Zr3 =07 Qe (19)

F 72, ZOMBEI L D2 . T6kg/m*OBEEBEMNNH - 7223, Zhid, ERNOBFEO, B0 44 &
LTYONVA=ZTRHCIERBAL CTEAEZMRA LIS EEZ 6N,

X8 ZEf L fe o =7 B OINBULEEETE DAMHEE
(A)FRE  (B)EfE#E (OZRAELFE 2K T1273K X 180ks M{L#:
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BEMINVAZT LIHEESES D £ ORIGIK X 2L AR 25 »I2 T 57091, Ti-Ag-Cu R
B3Ik B2 HREAY VI ZT7 OEERRICBWTEGRBORERE, KIGEOWHE, KIGHE
HERFARTHEEL, ZORE, UTO LS hffmsss i,

(1) ZEBOKREZBYHGEENC L5, Z 0720 O1EMH LT % v ¥ —13201k]/mol TH - 72,

(2) Ti-Ag-Cu 3% L ¥Na=7DRIGHE L LT, XEEIFB L EPMA 505582 S Tio
& Ti,O BEE & =28, Ti,0 ZEHRTIZ o-Ti(O) »oH LIz DTH %, HABET
i, TIOMA LT vy 7 XN, «-Ti(O)HH 2> MENCEET 2.
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(6) EBLLYNA =T 2 RAH T L 1R, b coRBIEEL, BT OoBEEHEIN
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