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Abstract In this paper the manufacture of shrinkage—free in situ Mullite—ZrQ, ceramics through the
addition of Al base metal powder to the mixture of ZrSiO. and Al:O; was attempt. The ZrO,—strength-
ened mullite ceramics was prepared after the following reaction form, 3(Al+ ALO;) +2ZrSiO,—3ALO; -
25i0:+2Zr0, Al metal powder was added from none to 30 weight percent to the ALQO, The powders
were mechanicallly mixed, isostatically pressed and reaction sintered at 1450-1600°C for 3hours. The
specimens were sintered with and without intrim soaking time for 5 hours at 1250°C for the oxidation of
Al-powder. The addition of aluminium accelerates the reaction and compensate the shrinkage during the
sintering through an increase in volume of oxidized Al Because coarse flake type Al metal powders

were ot effectively milled, oxidized Al resulted in the relative large pore in the specimen.
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Table 1. Chemical Composition of Starting Materials used.
Alea ZrOz SlOz MgO Nazo CaO ’HOZ FeZO3
CT 30005G 99.13 - 0.55 0.04 0.16 0.12 - -
1000W 0.08 (65.0) (35.0) - 0.11 - 0.02 0.03
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Fig. 1. Reaction sintering of ZrSiO, and ALQ,. (a) Com-
pacts of the starting powders (b) nucleation of ZrQ, (c)
mullitization (after Ref. 13).
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Fig. 2. Flow chart of experimental process.

Table 2. Peaks used for Quantative Analyses.
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Table 3. Reaction Parameter of the Reaction Sintered Specimens as a Function of Al-addition, Sintering Tempera-

ture and Time.

Al-addtion %
sint.~temp. 0 5 10 15 20 30
& —time

1450°C, 3h. a 0.07 0.25 0.39 0.52 0.43 0.45

o) 0.54 0.77 0.81 0.91 0.87 0.88

1250°C, 5h. a 0.16 0.24 0.49 0.50 0.55 0.49

1450°C, 3h. B 0.72 0.81 0.93 0.90 0.92 091

15007C, 3h. a 0.57 0.67 0.74 0.85 0.84 0.92

B 0.92 0.93 0.93 0.96 0.94 0.95

1250°C, 5h. a 0.61 0.62 0.77 0.73 0.81 0.96

1500, 3h. B 0.94 0.91 0.94 0.94 0.94 0.96

1550°C, 3h. a 0.79 0.88 0.93 0.95 1.0 1.0

) 0.94 0.97 0.96 0.96 0.97 1.0

1250°C, 5h. a 0.86 0.94 0.95 1.0 1.0 1.0

1550°C, 3h. B 0.93 0.94 0.96 0.95 1.0 1.0

1600°C, 3h. a 1.0 1.0 1.0 1.0 1.0 -

B 096 | 096 | 096 | 1.0 1.0 -
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Fig. 4. Linear shrinkage of reaction sintered specimens.
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Fig. 5. Reaction parameters of reaction sintered specimens.
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Fig. 6. SEM microstructures of in situ reacted specimens sintered at 1550°C for 3hrs. (a) without Al-addition (b) 15wt.

% Al-addition.
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Fig. 7. SEM microstructures of in situ reacted specimens sintered at 1600°C for 3hrs. (a) without Al-addition (b) 15wt.

% Al-addition.

C

Rxog FAHE Q1 ¢ 7Tl (e
1550°Co A A4 7495, (bl 16007Cel A
2% Afdd Egd w39 TS5 AlY
B A (19.66mm)3 1 =77} FAbE @
9 e 39 =He 71Fol Fig 6(b)ell A
2 5 9le 7ZER Ally. o F50] 9l
W 2o A4ad 4 9l 27| TP
A=A F zolA A, B Alel AlHW =
2lgtoksl whekel] et atA Jebd fx g
Relct.

AAF) Al Az} EHeAFE 3o B

Fig. 8. SEM-photos of typical large pores in the specimens with Al-addition (a) sintered at 1550°C (b) sintered at 1600
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