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ABSTRACT

Hot-pressure sintered laminar composites with alumina/zirconia or mullite/zirconia as an outer layer and alumina/zircon (resulting
in reaction-bonded mullite/zirconia during sintering) as an inner layer were fabricated by tape casting and lamination. Various forms
of crack were observed in sintered laminar composites, these cracks included channel cracks in the outer layer, transverse cracks in
the inner layer and interface cracks debonding interlayer. Based on detailed microscopic observations, the cracks were attributed to
thermal e¢xpansion mismatch between the oxides consisting of the each layer. In particular, the interlayer and transverse cracks were
confirmed in the laminates consisted of the mullite/zirconia system as the outer layers, however, those cracks were not observed in
the alumina/zirconia system used. In addition, the crack propagation did not exhibit same behavior in the two kinds of outer layer when
the indentation load was applied.
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ZUHEAZAN YFUU(ALO;, AES-11C, Sumitomo
Chemical Co., Japan, ©l8} ‘A2t A3, AZF(ZrSi0,,
Junsei Chemical Co, Japan, ©]3} ‘Z’2} A3, Elole
(AlgSi,O,3, Baikalox-SASM, France, ©]13} ‘M’o]g} A3,
8] 3mol% Y,0;7F F7HE ZrO,(HWA-ZY3, Hanwha
Advanced Ceramics, Australia, ©]3} ‘YZ'&} A3hHE A&
em, ojg £%e £83 54L& Table 10%1 L]—E]»LH
Aok E=3 Heolx ALY s E Axs7] Yot &
] 2= methyl isobutyl ketone(MIBK, Aldrich Chemical

Co., USA)S
polymer(‘Hypermer’ KD-1, ICI Chemical Co., Spain)Z,
7} & dibutyl phthalate(Aldrich Chemical Co., USA)E,
AFAZ polyvinyl butyral(PVB, Aldrich Chemical Co.,
USAYE AHE-&F3iTH
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o &, BT A9 79 AeE AZHA T BEOIEY A
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ball media2 ©]-&3t] 12 ball millingd ¥, ZFA 15
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R AXE E5E 10mmisE Yo dojze] Zo
150 mm7t HAE st AZE Ho|ZE He9 F)
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Fig. 1] YeRA vl 722 HZ¢AE 85°ColA 50 MPa
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Fig. 1. Schematic diagram of stacking sequence for symmetric
three-layer composites.

Table 1. Characteristics of As-received Al,03, ZrSiOy4, Mullite and Zirconia

Al O ZrSi0, Mullite Zirconia
Particle size distribution (m)
<10%, <50%, <90% 0.37, 0.56, 0.72 0.40, 0.61, 0.89 0.23, 0.71, 4.68 036, 049, 12.21
Bulk density (gcm_3) 2.62 3.34 2.02 3.87
Spectific surface area (m’g™") 9.1 9.3 13.3 14.2
Thermal expansion coefficient (°C™") 6.0x107° 4x 107 45%107° 10x 107
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Fig. 2. Cross-sectional scanning electron micrographs of three-layer composites with mullite/zirconia (M/YZ) as an outer layer and
alumina/zircon (A/Z) as an inner layer: (a) over all view of entire layers, (b) outer layer and (c) inner layer.
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Fig. 3. Crack propagation in outer layer with mullite/zirconia
(M/YZ) under indentation load of 98 N.
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Fig. 4. Cross-sectional scanning electron micrographs of three-layer composites with alumina/zirconia(A/YZ) as an outer layer and
alumina/zircon(A/Z) as an inner layer: (a) over all view of entire layers, (b) outer layer and (c) inner layer.
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Fig. 5. Cracks in (a) inner layer with alumina/zircon(A/Z) and
(b) outer layer with alumina/zirconia(A/YZ), under
indentation load of 98 N.
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