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ABSTRACT The mullite-zirconia composites were prepared by the pressureless sintering with addition of
10~20 vol% ZrQ(TZ3Y) in the fused mullite and sol-gel mullite matrix. The densification rate of sol-gel mul-
lite was higher than that of fused mullite, and the addition of ZrO(TZ3Y) was effective on the densification of
fused mullite. The enhancement of densification and anisotropic growth of mullite in ZrO. added specimen can
be explained by the solid solution effect of Zr™ ion in mullite. Both mechanical strength and fracture toughness
of mullite-zirconia composite were enhanced compared to those of mullite. The enhancement of mechanical
properties is attributed to the hinderance of grain growth and the combined toughening effects of tetra-mono
phase transformation and crack deflection due to the residual stress between mullite/ZrO,,

LM B

Mullite= F-& 4% A4e £2 4 AEE ¥
2N 3L creep A8 FoE QlE AHE
A 2 FE ANER TS P 9lov, JdHe
2 SAe] 4ol8A] W 71AA e H3 qlAde]
rths g o Qi) AA 22 T2 ANFER o4
e B2 oelg-g AYx gloh™ Mullite®] 47
AAe Fol7] AR wien: &9 Y3 RU-S vl4
3 2 2715 Z premullite™} Z-Amullite’s.
& 27 zirconia 5-9] AkEHES A&7 FIMAE A}
el N L R I SRS L AR S R
oFgt 27 WS E8)shs Aot &2 ALO zir-
conia§ 37}she] zirconia®] AulA) kAl ] Abal el
£ o] 8% T A FAle] gl web®” mul-
litee) zirconia-S A 7}g} mullite-zirconia E-5H2)2] A
Foll §& A7} AP 7 g}

Mullite} ALO,-Si0, o|A&A|)A] AFatstel]l =)
9l U HERA TR Aol A A

o2 ez glom” mulliter} ZH=s w-4% W97}
Yoo AAae Fig e #aby zAe) 4y
314) o4& <= qlck. Mullite 3J 2} e= ALO,9} Si0,9]
3}EzA] wlo wel Wale, 2E2A(ALO, - 28i0,)
£ 71Eo= S0yt E7kEk oW HeElE el
T ALO7}F F7ksH S e ZoR e
2 ¢Jck 2w mullite 7)x]Abel] zirconia 7L @)
gt mallite 42 AJAAE Y 7]AA A e AT
£ u]EE AAolr) B iede A 4§
muollite2} -7 mullited £ QYEELGE a}Ls]e
Abat A48 A] mullite Y §-5-2d =A] 2 zirconia 7}k
o] w2 mullite-zirconia E-3HA 9] AAA T3} Z)ARA
A vlX J e aAs A} 19t

2. AlE oy
Mullite 32 FAHO2 AMSHE S4yoz

A== 7 (fused mullite: o] % MFE %7))7 S
o2 A28 Zl(sol-gel mullite : o] F MSGZE %7))



10 upagg

Table 1. Specification of mullite powders
Chemical Composition Fused Mullite Sol-Gel Mullite

AlLO, 76.8 wt% 71.8 wt%
510, 22.9 wit% 28.2 wt%
TiO, 0.01 wit% 0.1 wt%
Fe.0, 0.05 wt% 0.01 wt%
Ca0 0.04 wt% -

MgO 0.04 wi% -

Na,O 0.01 wt% 0.01 wt%
K.0 0.01 wt% 0.01 wt%

Average Particle Size 1.0 um 1.0 pm

£ 2 2443} A1 22 Table 10| A X]s}eict. Mulliteof]
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Z10,(TZ3Y)Z & Toyo sodaA} A Ze]g]c}.

Mullites} ZrQ, 2722 attrition milling% < 70C
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Fig. 1. Relative density as a function of sintering tem-
perature for fused(MF) and sol-gel mullite(MSG).
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Fig. 2. Sintering curves for (a) fused and (b) sol-gel

mullite.
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Fig. 3. Sintering rate curves for (a) fused and (b) sol-
gel mullite.
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Fig. 4. Sintering curves for (a) fused and (b) sol-gel
mullite with 10 vol% ZrO,.
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Fig. 5. Sintering rate curves for (a) fused and (b) sol-
gel mullite with 10 vol% ZrO..
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Fig. 6. SEM micrographs of (a) fused and (b) sol-gel
mullite sintered at 1700°C for 1h.
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Fig. 7. SEM micrographs of (a) fused mullite-10vol%
Zr0, and (b) fused mullite-20 vol% ZrQ.. Specimen
sintered at 16007 for 1h.
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Fig. 9. SEM micrographs of fused mullite-10vol%
Zr0, sintered at (a) 16007C and (b) 1700C.
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Fig. 10. SEM micrographs of sol-gel mullite-10 vol%
ZrO, sintered at (a) 1600°C and (b) 1700C.
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Fig. 11. Variation of mullite grain size in mullite-15
vol% ZrQ, as a function of sintering temperature.
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Fig. 12. Variation of tetragonal ZrO2 fraction as a
function of sintering temperature in mullite-15 vol%
Zr0..
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mullite-ZrO, composite as a function of ZrO. addition.
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