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Effects of ALQO; Additions on Microstructure and Conductivity of CaO-stabilized ZrO,
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Abstract The effects of AlQ, additions on sintering behavior and electrical conductivity of 13 mol% CaO— stabi-
lized ZrO, were systematically investigated from the following aspects: the variation in grain size, the forms and
existence position of ALOs in ZrQ,, the variation in sintering density, and the variation in electrical conductivity.
Grain size increased up to 1 mol% of ALO, content. Above 2 mol% of ALQO; content, grain size decreased by a
pinning effect of ALQO, precipitation at grain boundary. Lattice constant decreased with increasing Al:O; content
up to 1 mol%. The decrease seems to be due to the substitution of smaller Al** ions for Zr*" ions in the ZrO,
structure. According to the result of SEM and XRD analysis, the solubility limit of ALO; on 13 mol% CaO - stabi-
lized ZrQ, can be estimated to be nearly 1 mol%. The electrical conductivity increased with increasing AlO; con-
tent up to 1 mol%. It is suggested that soluble and insoluble AlQ; have opposite effects on sintering behaviors

and electrical properties.
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Fig. 1. Flow chart of experimental procedures.
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Table 1. Chemical composition of 13 mol% CaO— ZrQO. with various Al;O; contents obtained by XFS measure-

ments.
composition ALO, Ca0 Z:0,
mol%

0 theoretical 0 i3 87
experimental 0.34 14.93 84.73
1 theoretical 1 12.87 86.13
experimental 1.33 14.92 84.45
9 theoretical 2 12.74 85.26
experimental 2.55 14.13 83.32
3 theoretical 3 12.61 84.39
experimental 3.66 141 82.24
5 theoretical 5 12.35 82.65
experimental 6.4 14.03 79.57
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Fig. 2. SEM micrographs of the polished specimens with differ-
ent ALO; contents. (a) 0 mol%, (b) 1 mol%, (¢) 2 mol%, (d) 3
mol%, and (e) 5 mol%.
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Fig. 3. (a) SEM micrograph and (b) relative Al X-ray intensity
for CaQ-stabilized ZrQ: containing 2 mol% ALO,.
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Fig. 4. Lattice constant as a function of ALO, content.
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20
T=450C
15
)
= 101 SOOkHz
~N
L}
5 " "'\ 15kHz 1kHz
] / 100Hz
4OMHz
0—17 T T T L
0 5 10 15 20
Z [kl

Fig. 6. Typical complex impedance diagram for CaO-stabilized
ZrQ, containing 1 mol% AlOs.
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