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On the Synthesis and Dispersion of Mullite Whiskers
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Abstract: Mullite whiskers were synthesized through solid reaction method using y-Al,O; and
SiO, as raw materials and AlF;-3H,0 as additive. Three main factors, calcining temperature, holding
time and AlF;-3H,0 content, which affect the aspect ratio of the mullite whiskers were considered in
an orthogonality test. The order, significance and optimal parameters for preparing mullite whiskers
were determined through range analysis and variance analysis based on the orthogonality experiment
results, and then the optimal parameters combination was also verified by test. The optimal
dispersion parameters were obtained through studying on dispersant and acid etching which
influenced the disperstiveness of the prepared mullite whiskers.
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Figure 1 Variation of the aspect ratio of mullite

whiskers with the calcining temperature and holding
time
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Tablel Experimental program and results

Holding time  Sintering temperature

AlF;-3H,0 Content Aspect ratio of

No. (A) (B) Blank ©) whisker
AIBICI 1(5h) 1 (1480°C) 1 1 (12 wi%) 12.85
AIB2C2  1(5h) 2 (1430°C) 2 2(6 wi%) 4.64
AIB3C3 1(5h) 3 (1450°C) 3 3 (8 wi%) 11.59
AIB4C4  1(5h) 4 (1400°C) 4 4 (10 wi%) 12.00
A2BIC3  2(4h) 1 (1480°C) 2 3 (8 wi%) 9.51
A2B2C4  2(4h) 2 (1430°C) I 4 (10 wi%) 9.75
A2B3CI  2(4h) 3 (1450°C) 4 1 (12 wi%) 11.75
A2B4C2  2(4h) 4 (1400°C) 3 2 (6 wi%) 3.70
A3BIC4  3(6h) 1 (1480°C) 3 4 (10 wi%) 2.74
A3B2C3  3(6h) 2 (1430°C) 4 3 (8 wi%) 2.90
A3B3C2  3(6h) 3 (1450°C) 1 2 (6 wi%) 11.70
A3B4CI 3(6h) 4 (1400°C) 2 1 (12 wi%) 9.55
A4BIC2  4(8h) 1 (1480°C) 4 2 (6 wi%) 1.50
A3B2C1 48 h) 2 (1430°C) 3 1 (12 wi%) 7.30
A3B3C4  4(8h) 3 (1450°C) 2 4 (10 wi%) 5.86
A4B4C3 48 h) 4 (1400°C) ! 3 (8 wi%) 4.8
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(a) AIBICI; (b) A2B4C2; (c) A3B1C4; (d) A4B1C2
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Figure 2 SEM micrographs of the typical whiskers: (a) A1B1C1; (b) A2B4C2; (c) A3B1C4; (d) A4B1C2

Intensity/CPS

[2*]

1000

2

g

'y

« Mullite

10 20 30 40 50 60 70 80
20 /°
2500
.
C .
2000 4 ( ) « Mullite
£
Q15UU- .
=
b
“51000-
s
= 500 - |
- '-- "'
. h " iL
e :
10 20 l] 60 TU 80
;é

1000
w0l (P) » Mullite
E -
Q‘BUU- ..
Ta00d °
= L] l.
(] . - L] .
E200- A AR
0. — T L L L T
10 20 30 40 &0 60 7O B8O
20 /°
1500 - d) - _
( ) + Mullite
1200 1 . .
w v Cristobalite
o .
QQDG-
= ) oy
Z 600 - .
s A LI )
= 300 4 . R T
v - . .-o .
0 L 1 1 L] | 1
10 20 30 40 50 60 70 80
28 /¢

B 3 42 A & e XRD B3 : (a) AIBICI; (b) A2B4C2; (c) A3B1C4; (d) A4B1C2
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Table 2 Results of variance analysis
Source DF MS F P—Value Significance
Holding time (A) 3 44.29 15.50 0.025 Significant
Sintering temperature (B) 3 6.03 2.11 0.278 Non-significant
AlF;3-3H,0 Content (C) 3 24.56 8.59 0.055 Low-significant
Blank 3 5.36 1.88 0.309
®IBELSMNE
Table 3 Results of range analysis
Holding time Sintering AlF3 3H,0
Blank Content
(A) temperature (B)
(C)
K1 41.08 38.61 38.58 41.45
K2 34.71 36.30 29.56 21.54
K3 50.61 40.90 37.34 39.99
K4 18.94 29.53 39.86 42.36
k1 10.270 9.653 9.645 10.363
k2 8.678 9.075 7.390 5.385
k3 12.653 10.225 9.335 9.998
k4 4.735 7.383 9.965 10.590
Extreme difference R 31.670 16.310 10.300 20.820

Primary and secondary order: A (Holding time) — C (AlIF;-3H,0 Content) — B (Sintering)
Optimization A3B3C4 (6h, 1450°C, 10 wt%)
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Al 41450°C. 6h. # 4B 10 wt% M T#l &9 K 41450°C. 6h. #AAE 10 wi% &4 THl &8
E XA e/ SEM E F E KA & XRD E i
Figure 4 SEM micrograph of mullite whiskers calcined Figure 4 XRD pattern of mullite whiskers calcined
at1450°C for 6 hours using 10 wt% AlF;-3H,0 as at1450°C for 6 hours using 10 wt% AlF;-3H,0 as

sintering aid sintering aid
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