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Abstract: The Vickers hardness test is a common method used to characterize the hardness of ceramic materials.
However, the hardness is not a deterministic value, but is a random variable. The objective of this paper is to
investigate the statistical properties of the bending strength and a set of Vickers hardness values in single ZrO, and
composite ZrO,/SiC with a SiC additive. In this work, we compare the characteristic value and variation with the
results based on Weibull statistical analysis. The probability distributions of the bending strength and Vickers hardness
agreed relatively well with the Weibull distribution. We evaluate the scale parameter and shape parameter in as-
received ZrO, and ZrO,/SiC composite ceramics,as well as in their heat treated ceramics.
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Table 1 Batch composition and processing

Specimen Z zS
Batch 90 wt.% ZrO,
Composition | 100 wt.% ZrO, 10 wt.% SiC
(Wt.%)
Hot 30 MPa 30 MPa
Pressing 1723K 1723K

1 hour 1 hour

in vaccum in vaccum

Heat 1073 K and 1173K 1073 K and 1173K
Treatment From 1 to 10 hours |From 1 to 10 hours

In air In air
Relative
Density (%) 100.17 100.90
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Fig. 1 Comparison of bending strength between Z and
ZS specimens
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Fig. 2 Weibull plot of bending strength for Z and ZS
specimens
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Table 2 The estimated Weibull parameters

Specimen Z specimen ZS specimen
Shape parameter 20.03 15.13
Scale parameter 1709 804
Mean 1668 779
Standard deviation 94.2 60.9
Ccov 0.056 0.078
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Fig. 3 Vickers hardness values for Z specimen
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Fig. 4 Vickers hardness values for ZS specimen
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Table 3 The estimated parameters for Z specimen
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Table 4 The estimated parameters for ZS specimen

Shape Scale Mean/Std Shape Scale Mean/Std
Specimen |parameter | parameter CoOv Specimen | parameter | parameter COV
. 1121/73.50 . 1129/22.92
As-received 20.55 1149 0.066 As-received 60.61 1139 0.020
1288/102.60 1000/21.50
1073K-1h 15.73 1329 0.080 1073K-1h 55.06 1009 0.022
1299/61.98 889/21.02
1073K-5h 25.52 1325 0.048 1073K-5h 54.51 897 0.024
1184/36.56 893/39.33
1173K-1h 38.72 1200 0.031 1073K-10h 27.93 910 0.044
1193/74.42 848/42.48
1173K-5h 18.72 1255 0.062 1173K-1h 23.06 867 0.050
1146/59.47 825/16.13
1173K-10h 24.62 1169 0.052 1173K-5h 61.51 832 0.020
669/18.32
1173K-10h 4391 676 0.027
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Fig. 5 Weibull plots for Vickers hardness values for Z
specimen

29

Z8 specimen

ogH— @ - As-received

sall— B - 1073K-1h

70
60
50
40

30

— & - 1073K-5h
— & - 1073K-10h
— = - 1173K-1h
— 4 - 1173K-5h
— & - 1173K-10h

10+

Probability (%)
]

L L L ¥ 1 i L L f L
550 600 700 800 200 1000 1100 1200
Vickers hardness (Hv)

Fig. 6 Weibull plots for Vickers hardness values for ZS
specimen
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Fig. 8 Effects of indentation load on Vickers hardness
values for Z specimen
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Fig. 9 Effects of indentation load on Vickers hardness
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Table S The estimated Weibull parameters for Z specimen
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Table 6 The estimated Weibull parameters for ZS specimen

Indent. Load 9.8N 98 N 294 N Indent. Load 9.8N 98 N 294 N
Shape parameter | 20.55 20.04 84.3 Shape parameter | 60.61 119.07 45.11
Scale parameter 1149 1274 1318 Scale parameter 1139 1128 1255
Mean 1121 1242 1310 Mean 1129 1123 1240
Standard 73.50 75.27 22.58 Standard 22.92 12.04 32.32
deviation deviation

Ccov 0.066 0.061 0.017 Ccov 0.020 0.011 0.026
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