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ABSTRACT

The thermal fatigue behavior of alumina ceramics was invesligated by water quenching method. Single-
quench thermal shock tests were perfarmed to decide the critical thermal shock temperature difference
(AT,), which was found to be 225°C. Cyclic thermal shock fatigue tests were performed at temperature diff-
erences of 175°C, 187°C and 200°C, respectively. After cyclic thermal shack fatigue test, the distributions of
retained strength and crack were observed. Retamed strength was measured hy four point bending method
and crack ohservation methnd by dye penetration. In terms of the retained strength distribution, the critical
number of thermal shock cycles(N,) were 7 for AT=200"C, 35 for AT=187°C and 180 {for AT=175"C, respec-
tively. In terms of the crack observation, the critical number of thermal shock cycles were 5 for AT=200°C,
20 far AT=187°C and 150 for AT=175°C, respectively. The difference of N, investigated by two different
methods is due Lo the formation of the longitudinal cracks which had no effect on the four point bending
strength. Therefore, the thermal fatigue behavior of alumina ceramics could be more accurately described
by the crack observation method than the retaned strength measurement method.
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Table 1. Properties of Alumina Ceramics

Property Mean value

4-Pgint bending strength | 355+41 MPa

K 3.9140.15 MPa - m"?
Density 3.91+0.01 g/cm® (98.2%)
Grain size 3 Hm

Elastic modulus 162.3+17.0 GPa

3 —>

3 bath
4. specimen

2 refractory wall
4, quenching medium 5. steal wall

1 thermocouple

8. steel wire
10. cantrol computer

7. pully
9 pully controller

Fig. 1. Schematic diagram of the thermal shock test
system.
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Fig. 2. Retained strength of the specimens after sin-
gle cycle thermal shock test.
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Fig. 3. Oplical photographs of the specimens which
were fractured by 4-point bending test after
single cyele thermal shock. (a) AT=175°C, (h)
AT=200°C, {c} AT=225°C, {d) AT=250"C
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Fig. 4. Retained strength of the specimens as a func-
tion of the number of cycles(AT=175"C).
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Fig. 5. Retamed strength of the specimens as a func-
tion of the number of cycles(AT=187"C).
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Fig. 6. Retaned strength of the specimens as a func-
tion of the number of cycles(AT=200"C).
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g. 7. Optical photographs of the specimens which
were fractured by 4-poinl bending test after
single cycle thermal shock. (a) 150 cycles for
AT=175°C, (b} 20 cycles for AT=187"C and
(c) 5 cycles for AT=200"C
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Fig. 8. Variation of the critical number of cycles as a
function of the temperature difference.

ARz AelE UA G327
BE= A ol 9 427 A#ﬂu} 27 qakk
24, |1 & 47 A HEE &

Flg 9] 4%%1 7] e A @Yo A%E 44 i
427 A4 olide] wE 427g 7l 2PN 27)
g FANNE NHES §8 ATHeE ZAG
MRS dehigict. of ARE L GuaE B o5
2 27 ZeE fAetn SRR 25 wde] 24y

sl o] 4% e 27 A5 Al o)
gl shae] s ARkEe] glch ol el
%E*Wiﬂﬁﬂﬂkﬁkﬂ&ﬁﬂh¥M7DﬂEﬂvr
A3 on AP FAe AY FE Al sl
A B Fw Yris AL e o] e P
Fapgow 2D W DI U ER AFHe
= 247 QA G2 $e] M= tharhs A £
841 B Thew) o] 44T 4 Ao
ﬂﬂ~l%4§~4ﬁﬂﬂ 2P FLe ABe 3
ge) we} Thg 4 QAR S B4 ABel A A
W % TAx 24 B W A, o
FEe AY = APE) 98 AY RAES] B
E $Holne pdEs 9%E 41 B ol Fwd
Astols 71 BT ol F 08 93A 057 3
7}at o] Fol A% A U FAL A HY
SHES B W2 A%se] A9 2% A8 o



apEnl} Aeiuse] Gz AT 1099

{d)
Fig. 9. Optical photographs of the specimens which
were fraclured by 4-pomnt bending test after
single cycle thermal shock. {a) 160 cycles for
AT=175°C, (b) 80 cycles for AT=187°C, {c} 20
cycles for AT=200°C and (d)} 80 cycles for
AT=200"C
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Fig. 10. Model of crack growth of the thermally fa-
tigued specimens.
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