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ABSTRACT

The multiply reinforced mullite-zirconia composites were prepared with addition of Al(J; particles, platelets,
and fibers. The sinler-HIP specimens (presintered at 1700 and hipped at 16007) showed that the fracture
toughness of ALOs fiber reinforcement (44 MPa-\/m ) was higher than those of platelet (4.0 MPa-y/m )
and of particle (3.9 MPa-\/E } reintorcement, whereas the fracture strength of AlLQ, particle reinforcement

(304 MPa) was higher than those of platelet (283 MPa) and of fiber (248 MPa) reinforcement.
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Fig. 1. SEM micrographs of (a) ALO; particles (b) fi-
Lers (g} platelets,
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Fig. 2. Flow chart of mullite-ZrO--AlLO; composites
processing,
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Fig. 3. Vartation of relative densities of mullite based
composites with different reinforcing elements.
Specimens were presintered in air at 1700C
for 1 hr. (M: sol-gel mullite, Z: Zirconia, AP:
Al;Oy particle, APT: AlO; platelel, and AF:
AlLQ; fiber)
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Fig. 4. Sintering rate vs temperature for mullite/Zr0,
composites containing (a) ALO; particles (b)
Alzo;{ fihers.
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Fig. 5. Optical micrographs of maullite/ZrO; composites
cantaining {a) AlO; fibers and (b) AlO; partic-
les, sintered in air at 1700C for 1 hr.
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Fig. 6. SEM micrographs of mullite/ZrO; composites

conlainig (a) Al,O; fibers and (b) AlQ; particles,
sintered in awr at 1700T for 1 hr. (indicated
by circle in Fig. 5)
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Fig. 7. Optical micrographs of mullite/Zr0:/ALO; fibers
composite (a) before and (b) after HIP treat-
ment. Specimens were presintered in air at
1700C for 1 hr.
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Fig. 8. Optical micrographs showing crack paths in
mullite/Zr04/A1:0; fibers composite.
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Fig. 9. Variation of fracture strength of mullite based
composites with different reinforcing elements.
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Fig. 10. Variation of fracture toughness of mullite ba-
sed composites with different reinforcing ele-
ments.
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Table 1. Mechanical Properties of Mullite Based Composites Before and After HIP Treatment. Specimens were
Presintered at 1700C for 1 hr. (MSG: sol-gel mullite, Z: Zirconia, AP: AlLO; particle, APT: AL O, platelet,

and AF: ALO; fiber)

Specimen Sintering Sintered Sinter+HIP

Name Temp. (T) Strength Toughness Strength Toughness
(MPa) {MPa\/m ) (MPa) (MPa-y/m )

MSG 1700 222+ 24 25+02 253+ 22 28+03

MSG15Z 1700 252+ 28 34x 02 280+ 33 3602

MSG15Z10AP 1700 294+ 16 36+0.1 J04+ 3 39+ 0.2

MSG15Z10APT 1700 281+ 25 3.8+ 04 293+ 1% 40+ 0.1

MSG15Z10AF 1700 2164 13 39+02 248+ 32 44+ 0.1

o =

4 7t

El-E Tahle 1ol FAsbedcl,

4. A =

Mullite-15 vol% ZrOyoll ALQ, =}abal & Ah2- particle,
platelet, fiber2 24k A 715 2 sinter~-HIPY 2]3)] ALO,
7438l mullite-zirconia &A= A28l dck Sinter-HIP
£HA A9#= particle Arle] wlE] platelet, fiber
A7k A F7HE Vel gl e, 3372 particle
A7kA] 304 MPa®  platelet(293 MPa), fiber{248 MPa)
Aol wle] $58led on) = AL fiber H7hA] 4.4
MPay/m 22 particle(3.9 MPa-\/m ), platelet{4.0
MPa-/m Joll ]3] $<pslgiet Fiber A7k 79 &
AE 7l7lske] wbg o2 fiber FAbo] 24EH AR
o, FFddE A EY mullite el 3
A== AFEHez qsle] Zr71E9ic). Sinter-HIP
2d2 2AAY e EAlshe 94 AL A A sl
e gl 21AE Ade] «n) gl vle) ErlEaz

F A3 Al Agsl 2 SAY A 2
glola el gk dY-g 9ja)Fl),

Aol 2
B dTE As] F4 SYABAABMFDA AAHE
==hich,
REFERENCES

1. T. Mah and K.5. Mazdivasni, “Mechanical Properties

9,

10.

11.

—B5Z2—

of Mullite,” j. Am. Ceram. Soc, 66(10), 699-703 (1983),

. 5. Kansaki and H. Tabata, “Sintering and Mechanical

Properties of Steichiometric Mullite,” ihid, 68(1), C6-
C7 (1985).

. F.F. Lange, "Transformation Toughenmg Part 4: Fab-

rication Fracture Toughness and Strength of Al;Oy-
ZrO, Composite,” J Mat. Sci, 17, 247-254 {1982).

. S. Prochzka, J. Wallace and N. Claussen, “Microstruc-

ture of Sintered in Situ-Reacted Mullite-Zirconia Co-
mposite,” bid, 63(3-4), 228-229 (1980).

. P.F. Becher and T.N. Tiegs, “Toughening Behaviours

and Multiple Mechamsm: Whisker Reinforcement and
Zirconia Toughening,” sbid, 70(9), 651-645 (1987).

. N. Claussen and G. Petzow, “Whisker Reinforced Zir-

conia Toughened Ceramics,” pp. 849-662 in Tailoring
Multiphase and Composite Ceramics, Vol 20. Edited
by RE. Tessler, G.L. Mesaing, C.G. Pantano, and R.E.
Newmman, Plenem Press, New York, 1086.

. P.F. Becher and T N. Tiegs, “Temperature Depende-

nce of Strengthening by Whisker-Reinforcced Alumina
m air,” Adv. Ceram Mat, 3(2), 148-153 (1988).

. P. Chantikul, G.B. Antis and B.R. Lawn Marshall, "A

Critical Evaluation of Indentation Techniques for
Measuring Fracture Toughness: II. Strength Methor,”
L Am. Ceram. Soc, 64(9), 539-543 (1981),

L.C. De Jonghe and M.N. Rahaman, “Sintering Stress
of Homogeneous and Heterogeneous Powder Compa-
cts,” Acta. Metall, 36{1), 223-229 (1988).

Z. Lt and R.C. Bradt, “Micromechanical stresses in
SiC-Reinforced AlyOn Composttes,” J Am Ceram. Sec,
TX1), 70-77 (1989).

LA, Aksay and J.A. Pask, “Stable and Metastable
Equilibria in the System $10:,-ALOs" ibid, 58(11-12),
507-512 (1975).

EEEEE



