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Abstract Ceramic shell molds for high temperature applications were fabricated using fused alumina
and colloidal silica, then the factors influencing the strength of shell molds were investigated. The
strength of shell molds increased as the size of silica binder decreased, and it increased as the concentra
tion of silica increased. The strength of shell molds at low temperature depends on the bonding of parti
cles with sthea film. The strength of sintered molds increased as the size of stucco decreased, and it in-
creased with the sintering temperature. The strength of sintered shell molds 1s affected by the bonding
between alumina particles as well as between alumina and silica. The crystalline phase of the shell mold

sintered at 1300°C and below was a~alumina and the silica from the binder remained as a noncrystalline

form. The mold sintered at 14007C and 15007C showed the g—alumina and mullite phases.
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Table 2. Slurry composition and viscosity

N sl Turry Ty deslgndtﬂi[{wilﬁ}r} A Sy B
materials and for 1st and 2nd | for back-up
viscosity layer coatmg coating

" Fused Alumina (g) |  350£50 | 27525

Colloidal Silica (g) 100 100
Surfactant (g) 0.05 0.05

Antifoaming Agent (g) 0.1 0.1

Viscosity by Zahnfcup 35 15
1\*:4 sec

Table 3. Qtuccomg method.

7N0 of

Stucco size . )
Slurry Drying time
Coating (mm)
1 A 0.125 4 hrs,
2 A 0.125
3 B 0.149
4 B 0.149
5 B 0.177
6 B 0.177
7 B 0.250
8 B 0.354 ”
9 B No stucco 48 hrs
2 #Wels LBy HEe 522 1 F
s 3ich(Table 2). o) o Zejels 4= 74
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Fig. 2. Viscosity and layer thickness vs. refractory

powder/binder ratio.
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Fig. 3. Strength of the shell mold with various sizes of
colloidal silica dried and sintered at 1300°C for 2 hrs.
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Fig. 4. Strength of the shell mold dried and sintered at
1300C for 2 hrs. with various colloidal silica concen-

tration.
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Fig. 5. Bending strength of the specimen sintered at
various temperatures as a function of stucco size.
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Fig. 6. XRD patterns for the specimen sintered at 1300
C(a), at 1400°C(b), and at 1500°C (¢) for 2 hrs.
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Fig. 7. SEM morphology of the inner surface of dried specimen.



1184 ghaafielb sl A 6l A 125 (1996)

Adel 29 Abale s TEolw ek A e AW wdel ol TrE welFm g
shwlof && ok Fuln} Bk dgksla oo L Aejgtel 2)gh Aglko]
& HolFl 9lon) Fig. 88 ole] &5l dapo ®Ho Wolu wela Brel gty =



1185

o)

Ho

~
ko]

%
+

]

o_a
o8

M

o
h

Ko

i

i

ol

~a

B4

N

T

™

ol

o

p
RO

& G7 e
F Aol Saf o] Foi g rh.

mh
H

Bolm glch.

©o.
E

7ol 7ledt

18]
oH
B
KO

3=

o)}

1. C.T. Sims, Superalloys 1I, pp. 411, John

Qapel stz ARE AHgs

Wiley & Sons, New York, USA, (1987).
2. L.D. Hart, Alumina Chemicals, pp. 511,

ol

shelti® A}

=
a2

el 7}

American Ceramic Society, (1990)
3. C.H. Schwartz, AFS Transaction, 95, 787

.
o)

o%

<+

o_a
oH

(1987).
4. C.H. Schwartz, Modern Casting, 77(6), 31

)
=

Alep
e]7} sjzAke] =77}
7t Fxol

1)

(1987).
5. A.D. Kington,

A 2ol A

o

o_a
0P

b

Welstol F7}

U.S. Patent,

No.4 989

(1991).
6. J.R. Dick, Modern Casting, 76(10), 23

2) A=t

(1986).
7. R.L. Rusher, AFS Cast Metals Research

A=

EESRE

J., 10(4), 149(1974).
8. V.M. Aleksondrov, B.A. Kulakov, and A.

o}
A

A=

e} 2 7B 2

A. Solodyankin, Sov. Cast. Tech., 4, 41

(1988).
9. G.Richards, Foundryman, 7, 162(1979).

TR

ol
oln

o] 5} ol

1300°C

10. W. Zhou, L. Zhang, and H. Fu, J. Am.

Ceram. Soc., 75, 77(1992).

Vol sloh aieb ) v A el



