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THERMAL SHOCK RESISTANCE OF ZIRCONIA / IRON-ALUMINIDE
COMPOSITES EVALUATED BY INDENTATION-QUENCH TECHNIQUES
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Abstract: The thermal shock resistance of ZrO:(3Y) and ZrO: (3Y)/FesAl composite was studied using

indentation-quench technique. The results show that the pattern of crack growth is similar for the two materials.
Low crack growth in a stable manner happened when AT < ATu, and cracks grew unstably when AT> ATu. The
ATu of ZrOz2 (3Y)/ FesAl composite is higher than that of ZrO2( 3Y), indicating the improved thermal shock
resistance. The higher fracture toughness and thermal conductivity and lower elastic modulus and Poisson's ratio

of ZrO2(3Y)/FesAl composite compared with monolith ZrO2 are the main reasons for the elevated ATu value of
ZrO2( 3Y)/ FesAl composites.
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1

Table 1 Crack-growth data under diff erent thermal

(A

shock temperature differences ( A)

Material AT/ E/ % P/ %
20 0 0
40 2. 67 13.0
80 30.3 26. 1
ZrOz(3Y) 120 52.5 43. 4
175 81.5 52. 2
225 341.7 95. 6
80 8.3 13.0
120 14.5 17. 4
175 20.4 26. 1
225 25.8 30. 4
275 32.7 39.1
TF30 325 47.7 43. 4
375 60.1 47. 8
425 92.0 60. 9
475 125.9 73.9
525 384. 2 100
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Fig.-2 Crack growth by indentation under different AT
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Fig. 3 SEM images of indentation crack before and after different thermal shock temperature difference AT
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2
Table 2 Materials properties

Relative
M aterial s Kic/ (MPa m“) ef/ MPa Hardness HRA E/ GPa T x 10 6 ) K (W- (m K) Y
density/ %
ZrO, (3Y) 99. 9 10.0 988 91.0 220 10.40 0. 300 3.2
TF30 99. 2 29.5 1244 87.5 210 10.72 0. 303 7.2
3 Y, M( ), O , FeAl
Table 3 Estimated valuesof Y, M( ), and O 7rO> h( t-m
. Thickness ) Ve Lel
M aterial s ATy f (U U h/ (W- (m2K)- 1) !
/' mm
ZrO2(3Y) 4 225 0. 69 21.2 34000 , ’
.[11] [12]
TF30 4 525 0.59 8.9 32000 Masayuki
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Fig. 4 SEM images of indentation crack growth ATu
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