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Abstract The effect of silica binder content on the mechanical properties of zircon shell mold was investigated. Con-
tent of binder silica sol to refractory powder in weight[ R.] was adjusted from 0.18 to 0.43. Sintering of the shell mold
was carried out in the temperature range of 871°C to 1400C. Green strength of the shell mold at room temperature in-
creased with increasing R.. Strength at room temperature and densification of the sintered shell increased
propetionally with increasing R. and sintering temperature up to 1300°C. However, the mold with R. of 0.43 that sin-
tered at 1400°C for 3 hours showed relatively low strength and large level of porosity. The mechanical behavior of the
shells is supposed to attributed to the difference in thermal expansion coefficient between refractory powder and bind-
er silica. The eptimum value of R. for zircon- based shell molds was found to be £.33.
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Table 1.Composition for refractory powders.

ZrSi0, =97 4%
Chemical F ree. Si0, 0.2%
ZrSi0. composition Ti0; 0.35%
F6303 0.05%
ALO;, 2.0%
Density 47g/cc
AL, >39.5%
Si0, 0.02%
Stucco Chemical TiO, 0.01%
(Fused composition Na.O 0.30%
alumina) CaC 0.02%
Fe:Oa 0.08%
Density 397g/cc
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Fig. 1. Particle size distribution of zircon flour.
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Fig. 2. Effect of silica sol contents on room temperature
strength of the zircon- based shell molds.
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Table 2. Formula of zircon-based shell mold.

AF5 - 238 - HEF A7 whd §3a 2AFE Ao

Coating layers Slurry for coat Stucco size{mesh)
Primary 1-layer Zircon Fine fused alumina(80~120 mesh)
2-layer Zircon Coarse fused alumina{80~ 120 mesh)
3-layer " fused alumina(80~ 120 mesh)
4-layer # fused alumina(28~48 mesh)
Back-up 5-layer " fused alumina{28~48 mesh)
6-layer " fused alumina{28~48 mesh)
7-layer ” fused alumina{28~48 mesh)
final layer " nene

Table 3. Slurry composition and properties.

R.~ Slurry pH Specific gravity Slurry viscosity Zahnn #t 4(sec)
Primary - 2.76
0.43
Back-up 9.40 2.84
0.33 Primary §.60 2.78
Back-up 9.26 292 19~21 (se0)
02 Primary 9.76 2.87 s8¢
) Back-up 9.42 2.93
0.18 Primary 9.52 2.64
) Back-up 9.06 2.87

* R. = Si0; binder sol(g)/ZrSi0 flour(g)
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Fig. 4. Microstructural evolution of the mold at the surface with increasing sintering temperature.

[R.=0.33, pre-sintering : at 871C for 3 hours].
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R, =0.33. Pre-simtering : 871"C, 3hrs
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Fig. 5. Relationship for specific surface area and sintering tem-
perature.
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Fig. 6. Relationship for porosity and sintering temperature.
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Fig. 7. Morphological evolution on the mold surface and cross section of the mold specimen with the ratio of
R.{(a) 0.18, {b) 0.25, (c) 0.33, (d) 0.43]. {pre-sintering : at 871°C for 3 hours, sintering ; at 1400°C for 3 hours).
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