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Microstructure and Properties of Porous Mullite-based Ceramics Prepared by
Particle-Stabilized Foam Method

WANG Han, LI Cuiwei, WU Linghao, LI Hao
(Center of Material Science and Engineering, School of Mechanical and Electronic Control Engineering, Beijing Jiaotong University,
Beijing 100044, China)

Abstract: The porous mullite-based ceramics were prepared by a particle-stabilized foam method and a subsequent freeze-drying
process with a-Al,O; and SiO, as raw materials, propyl gallate (PG) as a surface modifier and gelatin as a binder. The effect of
aluminum to silicon (Al/Si) molar ratio on the composition, microstructure and properties of the prepared materials was
investigated. The results show that the foam stability after foaming at different proportions is >95%. The sintered material is
composed of mullite as a main phase and corundum as a second phase, and the mullite phase content decreases from 93.11% (in
mass fraction) to 85.11% with increasing the Al/Si molar ratio from 2.0:1.0 to 3.0:1.0. The total porosity and bulk density are
85.51%-86.51% and 0.44-0.48 g/cm®, respectively. The open porosity is 84.34%-84.82%. The compressive strength firstly
increases and then decreases (i.e., 2.25-2.86 MPa). The vacuum thermal conductivity increases from 0.15 W/(m'K) to 0.22 W/(m-K).
It is indicated that the method could be promising to prepare porous mullite-based ceramics with a high porosity, a high strength
and a low thermal conductivity.
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Table 1 Experimental parameters

Solid content Gelatin addition PG addition

n(Al):n(Si) (accounting for  (account-ing for (accounting for
total volume)/%  solid mass)/% alumina mass)/%
2.0:1.0 25 6 1
2.2:1.0 25 6 1
2.4:1.0 25 6 1
3.0:1.0 25 6 1
n—Mole.
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Fig. 1 Flow chart for preparation of mullite-based porous ceramics by particle-stabilized foaming method
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Table 2 Properties of mullite-based porous ceramics prepared by different methods

Bulk density/ Compressive ~ Thermal conductivity/

Preparation process Phase composition (g~cm’3) Porosity/% strength/MPa (Wem K
Tert-butyl Alcohol-based Gelcasting Process!*?! Mullite 77.8 3.29

In-situ Method Utilizing Silica Fume'™! Mullite—corundum 2.02 36.07 1.40
Slip Casting®®¥ Mullite-corundum 1.01 69.90 1.54
The Foaming and Starch Consolidation Technique®  Mullite 76.20 13.61 0.31
Foam-gelcasting!'®! Mullite—corundum 0.59 82.50 3.09 0.14
Particle-Stabilized Foam Method (this paper) Mullite—corundum 0.47-0.48 85.63-86.51 2.25-2.86 0.15-0.22
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il AW HUZBH . RNV ATEA FEL n(Al):n(Si)
M 2.0:1.0 BERF] 3.0:1.0, FERAEEM 93.11%F]
85.11%, WIKAHAHN S 0.

3) n(Al):n(Si) ] i 4 2 FLIE B 1R Bt i
. RFEE - EHW, nAl):n(Si)TE 2.0:1.0~
3.0:1.0 JEE PN, &M EHAFALEA 85.51%~
86.51%, PUIRIMSE N 2.25~2.86 MPa, #F&E %
0.15~0.22 W/(m'K).
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