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Effect of composite fiber content on strength and breathability of
silica sol shell for investment casting

LU Gang, MAO Pu, YAN Qing-song, JI Chao-zhong, RAO Wen-jie

(National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Aeronautical University, Nanchang 330063, China)

Abstract: Ceramic and nylon composite fibers were used to enhance silica sol shell of investment casting. The effects of
composite fiber content on the strength and breathability of silica sol shell were studied by testing and analyzing the
green and fired strength and breathability. Meanwhile, the relationships among composite fiber content and firing
temperature and fired strength of shell were established. The fracture appearances of shell specimens were observed by
scanning electron microscopy (SEM). The results indicate that the effect of composite fibers on strength and breathability
of silica sol shell is obvious. When composite fiber content is less than 0.6% (mass fraction), the strength and
permeability of silica sol shell both increase. When composite fiber content is more than 0.6%, the green strength and
fired strength of fiber-reinforced shell decrease firstly, and the matrix porosity increases, the shell breathability continues
to increase; When the composite fiber content is 0.6% and firing temperature is 1050 ‘C, the fired strength reaches
maximum value.
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Table 2 Process parameters of shell specimens preparation
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Table 1 Main performance index of fiber

Fiber Tensile Elastic Density/ Melting

category  strength/MPa modulus/GPa (g-em ) point/'C
Ceramic fiber 4000 290 1.85 1800
Nylon fiber 900 5.17 1.16 224
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Coating and sanding

Drying and hardening

Coating layer

Refractory powder (grain size/um) Sanding material (grain size/pm)

Temperature/’'C  Humidity/% Time/h

Primary layer Corundum powder (45) Corundum sand (150) 12
Transition layer Corundum powder (45) Mullite sand (250) 0070 12
Backup layer Corundum powder (75) Mullite sand (350—850) 220 24
Seal layer Corundum powder (75) - #0760 24
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Fig. 1 Sintering process of shell specimens
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Fig. 2 Effect of composite fiber content on green strength of

silica sol shell
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Fig. 3 Fracture SEM images of shell specimens with different composite fiber contents: (a) 0; (b) 1.5%; (c) 3.0%; (d) 4.5%; (e)

6.0%; (f) 7.5%
22 EAFHEENEARETERERENZME

AN A AR 4 B B R il o) AR e A s o
FERE NG 4 Biox. AWE 4 WTLLEH, B 4F4E0

52

b . N o
N o0 [=} [\
T T T T

Sintering strength/MPa

=
N
T

0 0.15 030 045 0.60 0.75
Composite fiber content/%

B 4 5o LY B NS Belli St Y e Bl RE DT 25 o L 1) S
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Fig. 7 Micro pore morphologies of composite fiber enhanced shell after sintering: (a), (b) Circular hole; (¢), (d) Zigzag hole
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