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Preparation and Dispersion of Mullite Whisker with High Purity
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(1. School of Mechanical and Electronic Control Engineering, Beijing Jiaotong University, Beijing 100044; 2. State Key Laboratory of
New Ceramics and Fine Processing, School of Materials Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Mullite whisker is an excellent kind of reinforcments used in ceramic matrix composite, due to its’ good properties such
as high temperature resistance, good oxidation resistance, small coefficient of thermal expansion, good strength in high
temperature, good thermal shock resistance and so on. Mullite whisker was prepared through solid reaction using y-Al2O3; and
SiO2 as raw material, aluminum fluoride as additives. Phase composition of the as-prepared material was analyzed by XRD and
microstructure was observed by SEM. The result shows that when the raw powder materials with a certain content of fluoride are
naturally packing, the factors who affects aspect ratio of mullite whisker are proved to be holding time, calcining temperature and
the kind of the aluminum fluoride. Using 10wt.% AlF3-3H20 as additive, mullite whisker with high purity and aspect ratio of
about 20 can be prepared after calcined at 1450 °C for 6 hours. There are differences in the dispersibility of the whisker due to its
situation in the crucible. The ultrasonic vibration, polar solvent and alkaline environment are helpful to the dispersion of the
prepared mullite whiskers.
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1 ERBERE & HERARALMA SEM B F: (a) EHEL; (b) BARMERELS
Fig.1 SEM micrographs of the effect of the powder state on the synthesis of mullite whiskers
(a) Compact sintering; (b) Natural accumulation of sintering

B 2 HRFERIERERAGRAZEAY SEMBR: (a) EK; (b) B
Fig.2 SEM micrographs of the effect of crucible shapes on the synthesis of mullite whiskers (a) slender type; (b) stubby type
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Fig.3 SEM micrographs of the effect of aluminum fluoride content on the synthesis of mullite whiskers
(a) 6wt.% 100 (b) 8wt.%; (c) 10wt.%
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Tab.1 Orthogonal experiment table

. Calcining The kind of the
Holding . .
Level time (A) temperature aluminum fluoride
®) ©
1 3h 1450 °C AlF3-3H20
2 6h 1400 °C AlF3
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Tab.2 The main influence factors analysis

Calcining temperature

The kind of the aluminum

Text number Holding time (A) (B) fluoride (C) Scheme Aspect ratio
1 1 1 1 Al1BICl 24
2 1 2 2 A1B2C2 22
3 2 1 2 A2BIC2 26
4 2 2 1 A2B2Cl1 25
K1 46 50 49
K2 51 47 48
k1 23 25 245
k2 25.5 235 24
R 2.5 1.5 0.5
Influencing factor ABC
Optimal case A2BIC1
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Fig.4 SEM micrographs of the condition of
1450 °C, 6 h, AlF3-3H20
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Fig.5 XRD patterns of the condition of 1450 °C, 6 h,
AlF3-3H20
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Tab.3 The influence of powder location on whisker dispersion

Position Dissolvent Dispersion time Final settlement volume
Upper layer Ethanol 15 min 1.8 mL
Middle layer Ethanol 15 min 2.0mL
Lower layer Ethanol 15 min 2.7mL

6 FAEMENE TRAMNERFERN SEMER: () £E; (b) HE; (c) KE

Fig.6 SEM micrographs of the whisker formation under different powder location
(a) the upper; (b) the middle; (c) the underlying
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Tab.4 The influence of dispersing time on whisker dispersion

Position  Dissolvent [':iirsr?:/inﬁ;n Figillﬁ/eﬁfm
Upper layer  Ethanol 5 2.2
Upper layer  Ethanol 15 1.8
Upper layer  Ethanol 30 1.7

% 5 B pH EX &M 5 BHI R0

Tab.5 The influence of pH on whisker dispersion

Position  Dissolvent ?iirsr?:/insﬁn Figzllﬁ/i;nf nt
Upper layer  Ethanol 15 3.0 1.3
Upper layer  Ethanol 15 4.5 1.5
Upper layer  Ethanol 15 6.5 1.8
Upper layer  Ethanol 15 9.0 1.0
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