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Abstract: The Vickers test can be used for all types of materials, and it has one of the widest scales among hardness
tests. The hardness may be considered as a probability variable when evaluating the mechanical properties of materials.
In this study, we investigate the statistical properties of the bending strength and Vickers hardness in ZrO, monolithic
and ZrO,/SiC composites depending on the amount of TiO, additives. The bending strength and Vickers hardness were
found to agree well with the Weibull probability distribution. We evaluate the scale parameter and shape parameter in
as-received ZrO, and ZrO,/SiC/TiO, ceramics, as well as their heat treated ceramics. We also evaluate the parameters
in accordance with the increase in in the indentation load.
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Table 1 Batch composition and processing
Batch Conditions Relative
Speci. composition | Hot Heat density
(wt.%) pressing | treatment (%)
Z 710, (100) 100.17
710, (89.6) -
ZSTl1 SiC (10.0) 98.26
TiO, (0.4) 1073 K
710,(892) | 30MPa, | nd
ZST2 SiC (10.0) 1723 K, from 98.49
Ti0, (0.8) 1 hour 1
710, (88.8) n to
ZST3 SiC (10.0) | YaccUm |10 hour 98.45
TiO, (1.2) in air
710, (88)
ZST4 SiC (10.0) 98.56
TiO, (2.0)
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Fig. 1 Comparison of bending strength between Z and
ZST specimens
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Table 2 The estimated Weibull parameters of bending

strength

arameter | Shape Scale Mean/Std

Specimen parameter | parameter COV
1668/94.22

V4 20.03 1709 0.056
1342/29.53

ZST1 50.10 1355 0.022
1256/27.11

ZST2 51.48 1269 0.022
1410/81.85

ZST3 19.16 1447 0.058
1194/128.3

ZST4 10.36 1249 0.107
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Fig. 2 Weibull plot of bending strength for Z and ZST
specimens
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Fig. 3 Weibull plot of Vickers hardness. (a) Z, (b) ZST]1,
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Table 4 The estimated Weibull parameters of ZST1 specimen

rameter | Shape Scale Mean/Std
Specimen parameter | parameter Ccov

As-received | 4145 1326 | 1305638
1073K-1h 31.46 1os3 | 1033031
1073K-5h 30.17 logo | 104836
1073K-10h | 26.07 loeg | 10370938
1173K-1h 12.09 1037 | 99867
1173K-5h 2237 6go | 07373841
1173K-10h 23.52 802 7846,7(@(9)'34

Table 5 The estimated Weibull parameters of ZST2 specimen

rameter | Shape Scale Mean/Std
Specime parameter | parameter cov
As-received 38.95 1182 1 1%%%615 1
1073K-1h 42.95 867 8302436
1073K-5h 64.04 766 7601589
1073K-10h 30.86 926 918_/335988
1173K-1h 3145 973 02
1173K-5h 32.81 778 760761
1173K-10h 24.03 758 745'/356(-)72

Table 6 The estimated Weibull parameters of ZST3 specimen

. . . rameter Shape Scale Mean/Std
Table 3 The estimated Weibull parameters of Z specimen Specime parameter parameter COV

Specinigrrln . pa?lalsﬁeier parsacrilllc;er MeCaCI)lgtd As-received 63.48 1477 14%%2179'26
As-received | 20.56 1149 H2113.50 1073K-1h 15.89 1394 | 133019820
1073K-1h 15.74 1330 | 12837108-60 1073K-5h 23.56 sy | MOTRT2T
1073K-5h | 2552 1326 12 e 1073K-10h | 20.76 1262 | 1227295
1173K-1h | 3872 1200 11893656 1173K-1h 31.69 985 969/36.32
1173K-5h | 18.73 1226 Hy oA 1173K-5h 42.90 937 922093
1173K-10h | 24.62 1170 AT 1173K-10h | 3243 875 se03.01
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Table 7 The estimated Weibull parameters of ZST4 specimen

rameter Shape Scale Mean/Std
Specime parameter parameter COvV
. 1334/53.94
As-received 29.14 1358 0.040
1401/173.5
1073K-1h 9.78 1470 0.124
1060/88.61
1173K-1h 15.08 1096 0.084
1800 —— : : : ; . .
1600 | Wz O zsT1 A 7812 O ZST3 O ZST4 | ]

Shape parameter/ Scale parameter

1173K
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Fig. 4 Shape parameter and scale parameter from
Weibull probability of Z and ZST specimens
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Table 8 The estimated Weibull parameters for as-received

Table 12 The estimated Weibull parameters for as-received

Z specimen ZST4 specimen
Parameter | qp e Scale Mean/Std Qrameler | Shape Scale Mean/Std
Indentation P Indentation

load (N) parameter | parameter Ccov load (N) parameter | parameter Ccov
1121/73.50 1334/53.94

9.8N 20.56 1149 0.066 9.8 29.14 1358 0.040
1242/75.27 1348/56.10

98.0 N 20.04 1274 0061 98.0 17.40 1266 0.042
1310/22.58 1229/84.26

294.0N 81.35 1318 0017 294.0 30.87 1371 0.069

Table 9 The estimated Weibull parameters for as-received
ZST1 specimen

Indeiarqgf er Shape Scale Mean/Std

load (N) parameter | parameter CcOV
1310/36.38

’8 e 1326 0.028
1400/38.94

98.0 0272 1417 00538
1356/17.85

294.0 88.96 1364 o117

Table 10 The estimated Weibull parameters for as-received

ZST2 specimen
Indeanran;(e)‘;er Shape Scale Mean/Std
load (N) parameter parameter Cov
98.0 32.07 1280 1250?(/)‘;67-54

Table 11 The estimated Weibull parameters for as-received
ZST3 specimen

arameter Shape Scale Mean/Std
Indentation arameter arameter Cov
load (N) P P
1465/27.26
9.8 63.48 1477 0.019
1325/51.21
98.0 32.38 1346 0.039
1221/62.80
294.0 22.83 1249 0.051
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Fig. 9 Mean Vickers hardness according to indentation
load of as-received Z and ZST specimens
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