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Effect of Al addition on Mullitization Behavior of Shell Mold during Sintering
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Abstract The effect of Al addition and sintering condition on mullitization behavior between alumina and silica in

alumina-based shell mold was investigated. Al addition

and high sintering temperature increased the degree of

mullitization between alumina/silica but decreased the room temperature strength of the shell molds. It was identified

that the sintered strength of the shell molds was in range of 2.0~2.6 kg/mm?. Al addition suppressed deflection of the

shell molds at high temperature. Especially, no deflection was observed in the specimen which was sintered at 1000C

for 1hr with 2.5wt% Al

. The specimen sintered at 1500°C for 4hrs with no Al addition also displayed no deflection.
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E AgeA AR s2i8E WE3ELE FF dAe] 50
um Eoj}(99.8% ) o) ~e}F.(stucco) YAF= 500m
7719 4Fu(99.9%)E AREsidnt.  wikiciEs
DupontA}9] Ludox™& AM-3lqla, F2o|gd Alg)z)e
Z7)E= 22nm, ¥]FAA-LS 140(m/g), A7} g3t pH
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= NHOHE AM83lgc). F2oiw Ayl 2gA o v
1.25 g/cm’, 13} 784 A v]FL 1.18 g/cm’
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Table 1. Slurry formula of coating layer for ceramic shell

mold.
Colloidal Silica Primcote binder

AlLQ; : SiO, 87 : 13 87 : 13

- colloidal silica
- alumina - colloidal silica
Slurry .
- surfactant - alumina
- defoaming agent |
Viscosity(Zahn | g, g5 ec 20~25 sec
cup #5)
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Table 2. Alumina base slurry formula to fabricate directional solidification ceramic shell molds.

) No. 1 No. 2 No. 3
Coating layers I R—
slurry stucco slurry stucco slurry stucco
1-1 Jumina ba lumi alumina + Jumi alumina + lumi
-layer alumina base alumina alumina alumina
4 (1.0 wt% Al) (2.5 wt% Al)
2— Ia yer ” » » ” ” "
3-layer " " ” " ” ”
4—- layer " n n ” ” n
5- 1 ayer ” ” " ” ” ”
6- 1aye r ” ” ” ” ” »
7_ layer " " ” ” " ”
final layer " none " none " none
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Fig. 1. Electrokinetic titration curves of ALO./SiO, suspensions.
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Fig. 2. SEM micrographs of rehydrated aluminum on
rehydration temperature (100~ 120C).
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Table 3. The hot deformation results of alumina base ce-
ramic shell molds.

No. 1 No. 2 No. 3

Presintering 1000°C/ 1hr|1000°C/1hr|1000°C/1hr
) -
eflection at center 45 L0 Hone
of sample(mn)
Presintering 1500°C /4hr|1500°C /4hr
Deflection at center 0 0 .

of sample(mn)

Table 4. The strength of sintered shell molds as function
of sintering temperature & additives.

Sintering | Strength of sintered shell molds(kg/mm?)
conditions No. 1 No. 2 No. 3
1400°C/lhr 24 2.1 2.0
1500°C /1hr 2.6 2.5 2.1
1550°C/1hr 2.6 | 2.6 2.2
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Fig. 3. SEM micrographs of ALO,/SIO, specimens sintered at
1400 °C/1hr as amount of (a) 0.0 wt%, (b) 1.0 wt%, (c) 2.5 wt%
aluminum.[ the arrow = mullite phase]
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Fig. 4. SEM micrographs of Al,0./SiO, specimens sintered at
1550 ‘C/1hr after addition of (a) 0.0 wt%, (b) 1.0 wt%, (c) 2.5
w1% aluminum.[ the arrow = mullite phase]
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