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Effect of heat treatment on microstructure of zirconia cloth
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Abstract: Zirconia cloth was prepared by precursor process that oxidizes hydrated cellulose textiles impregnated with
zirconium salts. The effect of heat treatment on the phase and microstructure of the cloth was studied by XRD and SEM.
The results show that zirconia cloth has the same morphology with the precursor. Any individual fiber in the cloth has
smooth surfaces and full core with the diameter of about 5—8 pm. The cloth is mainly consisted of tetragonal ZrO, with

average grain size of about 15—30 nm. With the decrease of sintering temperature and increase of heat rate and cooling

rate, the grain size is fined, the amount of impurity phase m-ZrO, and c-ZrO, decreases, while the density is loosed.
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Fig.1  Process flow chart of preparing zirconia cloth by precursor process
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Table 1 Heat treatments of samples
S
ample Heat treatment
No.
1 Increase temperature to 400 ‘C during 24 h
2 Increase temperature to 500 ‘C during 30 h, and hold for a period of time at 500 C
3 Increase temperature to 500 ‘C during 30 h, and hold for a period of time at 500 ‘C, sinter at 800 C, cool in air
4 Increase temperature to 500 ‘C during 30 h, and hold for a period of time at 500 ‘C, sinter at 900 “C, cool in air
5 Increase temperature to 500 ‘C during 30 h, and hold for a period of time at 500 ‘C, sinter at 1 000 ‘C, cool in air
6 Increase temperature to 500 ‘C during 30 h, and hold for a period of time at 500 °C, sinter at 1 100 ‘C, cool in air
7 Increase temperature to 500 ‘C during 7 h, and hold for a period of time at 500 ‘C, sinter at 1 000 C, cool in air

8 Increase temperature to 500 ‘C during 30 h, and hold for a period of time at 500 ‘C, sinter at 800 C, cool in furnace
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Fig.2 XRD patterns of samples at low temperature: (a)
Sample 1; (b) Sample 2
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Fig.3 XRD patterns of samples prepared by different heat

treatments
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Table 2 Ratio of X-ray diffraction intensities and corresponding standard ratio of diffraction intensities in different samples

Ratio of diffraction intensity in experiment patterns

Ratio of diffraction intensity in standard patterns

Sample No.
1(002)/1(110) 1(103)/1(211) 1(002)/1(110) 1(103)/1(211)
4 0.94 0.87 0.58 0.56
5 1.18 1.03 0.63 0.52
6 1.25 1.24 0.62 0.53
7 1.02 1.00 0.63 0.52
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Fig.4 Finer XRD patterns of different samples: (a), (b):

XRD patterns of Samples 4—7; (c) XRD pattern of Sample 8
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Table 3 Phase components, lattice constant and grain size of different samples

Phase content, w/%

Lattice constant/nm

Sample No. Grain size/nm
t c m a, ¢ a.

1 Amorphous - - - -

2 100 - - - - - -

3 100 - - 0.361 8 0.516 3 0.514 8 13.6
4 76.5 17.9 5.6 03611 0.516 8 0.5147 15.2
5 67.9 22.7 9.4 0.360 7 0.5180 0.5147 18.1
6 59.6 28.0 12.4 0.360 1 0.5179 0.5147 19.2
7 76.5 20.3 32 0.360 7 0.5180 0.514 8 154
8 63.8 18.8 17.4 0.360 7 0.5180 0.514 8 29.4
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Fig.5 SEM images of different samples: (a) Sample 3; (b) Sample 4; (c) Sample 5; (d) Sample 6; (¢) Sample 7; (f) Sample 8
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Fig.6 SEM images of zirconia cloth: (a), (b) Physical form of zirconia cloth; (¢) End of individual fiber in zirconia cloth;

(d) Surface of individual fiber in zirconia cloth
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Table 4 Shrinkage of samples in different directions

Shrinkage in
diameter of
individual fiber/%

Shrinkage in
wale wise/%

Sample  Shrinkage in
No. course wise/%

1 35 33 55

2 35 35 60

3 41 39 58

4 36 37 -
3 4t
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