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Abstract

The effect of addition of transition metal oxides on Zr0,-5.35wt% Y.0,(Y,0;-containing tetragonal zir-
conia polycrystals : Y-TZP) has been studied by investigating mechanical properties and phase stability
of the sintered specimens. For the samples sintered at 1450C for 2hrs in air, the phase transformation
from tetragonal to monoclinic was observed. The ratio of monoclinic phase to tetragonal phase was
changed by the addition of CoO, Fe;O; and MnO, to 8.00 wt%. Fracture toughness increased with the
increase of monoclinic to tetragona! phase ratio and was maximum at about 18%. On the other hand,
hardness decreased with the increase of the ratio. When transition metals such as CoO, Fe;O; or MnQ,
was added more than 1.5 wt%, the electrical conductivity of Y-TZP increased. But ALO, hardly affect-
ed the electrical conductivity of Y<TZP. The addition of CoO, Fe,0; and MnO, into Y-TZP resulted in
“the -more complex behavior of fracture toughness and hardness variation. The specimen with 15wt%- .
Fe,0y 3.0wt%-AlL0, and 1.5wt%-CoO showed the monoclinic to tetragonal phase ratio of 18% and the
highest toughness of 10,8 wa - m'? and Vickers hardness of 1201 kgf/md. However, the toughness
decreased above the ratio and macrocracks developed beyond the ratio of 253%.
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Table 1. Chemical composition and physical
property data for Y-TZP

Item Value
Zr0, 94,28wt%
S Y,0, | . 5.35wt%
Chemical 8i0, | <0.01wt%
composition |  ALO,  0.23wt%
Fe,0, {0.01wt%
Ig.Loss 0.43wt%
Crystal size 251A
Specific surface area 8.0m/g
Grain size 0.39m
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phases by impurity addition.

Addit.
Cont AlL,O; | CoO
(wt%)

Fe;o; MnOz

0.00 4.8 4.8 4.8 4.8

0.25 7.4 8.3 7.4 6.5

050 | 48 | 99 | 65 | 57

-1.00 | 4.8 14.5 9.0 11.5

1.50 7.4 38.3 10.7 13.8

2.00 5.7 32.0 16.0 28.6

4.00 4.8 26.0 27.5 28.0

8.00 5.7 28.0 29.0 8.3
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Table 3. Mechanical properties of sintered
specimens by impurity addition

Cmm;dd‘t"’e ALO, | CoO | Fe,0, | MnO,
000 | By | 1229 | 1229 | 1229 | 1029
Ko | 59 | 59 | 59 | 509
005 | By | 1177 | 1225 | 1244 | 1264
Ke | 54 | 60 | 57 | 59
050 | Flv_| 1269 | 1157 | 1226 | 1266
Kc | 57 | 54 | 55 | 61
Lo | v [ 1284 | 1050 | 1232 | 1214
Ko | 57 | 33 | 58 | 61
5o | Hv_| 1258 | 1070 | 1184 | 1154
Ko | 60 | 27 | 73 | 7.8
H, | 1278 | - | 1165 | 1032
200 159 1 79 | 46
H, | 1201 | - | 943 | -
400 % T 61 = 54 | -
“Hy | 1290 { - | 888 | -
8.00 _K,c- 56 | .- |.-56 | -
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Fig. 3. Dependency of K;c value on
mono./(tetra. +mono.) peak ratio
for impurity addition
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Table 4. Mechanical propertles and mono. /(tetra + mono.) peak ratio by multiple 1mpunty
addition : . ‘
No 1 Z2r0, Fe,0, AlL,O; | MnO, CoO n/{t.+m) Hy Kic
) (wt%) | (wt%) | (wt%) | (wt%) (wt%). (%) (kef/az’) | (& -m")
1 100.00 0.00 0.00 0.00 0.00 4.8 1229 5.9
2 97.25 0.00 0.00 1.50 1.25 32.0 1007 3.9
3 94.50 0.00 0.00 3.00 2.50 19.4 980 5.5
4 97.25 0.00 1.50 0.00 1.25 16.0 1209 8.4
5 94.50 0.00 1.50 1.50 2.50 30.6 1055 3.6
6 "95.50 0.00 1.50 3.00 0.00 30.6 991 3.8
7 94.50 0.00 3.00 0.00 2.50 18.7 1122 5.9
8 95.50 0.00 3.00 1.50 0.00 17.4 1197 8.6
9 92.75 0.00 3.00 3.00 1.25 24.8 1075 5.9
10 96.00 1.50 0.00 0.00 2.50 30.1 1037 5.9
11 97.00 1.50 0.00 1.50 0.00 30.1 926 3.6
12 94.25 1.50 0.00 3.00 1.25 21.5 654 5.0
13 97.00 1.50 1.50 0.00 0.00 12.3 1120 7.5
14 94.25 1.50 1.50 1.50 1.25 31.5 1075 4.7
15 - 91.50 1.50 1.50 | "3.00 2,50 215 970 44
16 '94.25 1.50- 3.00- | - 0.00 1.25 18.0° 1201 10.8
17 91.50 1.50 3.00 1.50 2.50 31.5 1055 4.3
18 92.50 1.50 3.00 3.00 0.00 29.6 1004 4.8
19 95.75 3.00 0.00 0.00 1.25 28.1 1013 5.5
20 93.00 3.00 0.00 1.50 2.50 27.5 681 5.2
21 94.00 3.00 0.00 3.00 0.00 32.0 839 6.0
22 93.00 3.00 1.50 0.00 2.50 28.1 1033 5.0
23 94.00 3.00 1.50 1.50 0.00 31.5 886 4.4
24 91.25 3.00 1.50 3.00 1.25 32.4 989 4.6
25 94.00 3.00 3.00 0.00 0.00 27.0 915 6.5
26 91.25 3.00 3.00 1.50 1.25 "~ 26.5 1031 6.5
27 . 88.50 | 3.00 3.00 3.00 2.50 30.1 1038 4.7
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