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Effect of Sintering condition on Mechanical Properties of Zircon Shell Molds

J.W. Kim, D.H. Kim, 8.M. Seo, C.Y. Jo, S.J. Choe and J.C. Kim*
Korea Institute of Machinery and Materials, 66 Sangnam, Changwon, Kyungnam 641-010
* Korea Electric Power Research Institute, 103~ 16 Munji, Yusung, Taejon 305- 380

(19994 6% 5 wrg, 1999 79 7o HEFAHE L)
2 B AERZT Y ES=E Azt 24 2 9 ATel 2 &BAF ] 1A EA N v deg s gdch. 1000°C ¢l
A 15AE 22 ¢ A Brof 14 78] FTHFN A olHlgde] 37 w7F FuistEsler 2A T 9 Azte] FAVRSE
Aerreel 7150 vl E A dasldch. 13} 4272 & 1500°CelA 4275 27 Mg F3o 7237 TL HdEw 83
o] oubdko 2 2ElZet AEE ele AAHEE e} Hye] b4 gct. 13 ZRENA dFuldt AT} A2 E Sejyly
A AA S zlo)of wig] TR FoA AZE 2ejFe} NEE Sl i Aoyt T2HYAY & AHHS o) HeE B
Radley

Abstract Effect of sintering condition on mechanical properties of ZrSiO, shell molds was investigated. Number of
microcrack in primary layer of the mold was maximized after preheating at 1000°C for 1.5 hours. Yield strength and
specific surface area of the mold were inversely proportion to sintering temperature and time. After hot deformation
test at 1500°C for 4 hours, molds were deformed opposite to the loading direction and backup layers were cracked along
the interface between stucco and zircon slurry. Reverse deformation of the molds during hot deformation test was con-
sidered to be resulted from the difference of thermal expansion coefficient between alumina stucco and zircon slurry

in primary coat, and size difference between zircon stucco and zircon slurry in backup coat.
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Table 1. Investment slurry-composition.

Particle Size(mesh) Primary coat 200~325
Backup coat 120~200
|
Z1rSi0. 96.7% MIN
Z1Si0, Free Si0, 0.2% MAX
Chemical composition Ti0, 0.35% MAX
Fe,O; 0.05% MAX
ALO, j 2.0% MAX
L
SiOz(Wt%) 30
Colloidal silica Particle Size(m) 8~13x107"
pH(25C) 10.5

Primary coat : 38~47 sec

Viscosity(Zahn cup #4)

Backup coat : 18~27 sec
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Fig. 1. Schematic illustration of shell building.
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Table 2. Zircon-based slurry formula to fabricate invest-
ment shell mold.

Coating layers Slurry for coat Stucco
1-layer Zircon base alumina
2-layer ﬂ n "
3-layer " Zircon sand
4-layer " "

final layer ” none
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Fig. 2. Cross sectional micrograph of the zircon-base shell mold.
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Fig. 4. X-ray diffraction patterns for specimens that were sin-
tered at the indicated sintering conditions.
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Fig. 5. SEM micrographs of the zircon shell molds after heat treatment at (a) 650°C for lhr,
(b) 843°C for lhr and (¢) 1000°C for 1.5hrs.
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Fig. 6. Pore size distributions of the sintered zircon shell molds.
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Fig. 7. Intruded mercury volume of the zircon shell mold as a
function of sintering condition.

Total surface area (m?/g)

843°C{1hr  1000°C! 1.5hrs

Green hody 650°C! thr

Fig. 8. Specific surface area of the zircon shell mold in various
sintering condition.
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Fig. 9. The strength of the sintered shell mold as a function of
sintering condition.
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Fig. 10. SEM micrographs of the first layer of the zircon-based
shell molds sintered at 1500°C for 4hrs after heat treatment at
(a) 650°C for 1hr, (b) 843°C for 1hr, (c) 1000°C for 1.5hrs.

Table 3. The hot deformation results of the zircon base ce-
ramic shell molds.

Sample K-1 K-2 K-3
Preheating 650°C/1hr 843°C/1hr |1000°C/1.5hrs
Sintering 1500°C /4hrs | 1500°C/4hrs | 1500°C/4hrs
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Fig. 11. Schematic illustration of the hot deformation test.

Fig. 12. SEM micrographs of the third layer of the zircon-based
shell mold sintered at 1500°C for 4hrs.
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