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Microstructure Control of Reaction-Sintered Porous Mullite

Bum-Rae Cho”, Sang-Ryul Yoon* and Jong-Bong Kang*”

ABSTRACT

The effect of several important processing variables was investigated on formation of porous mullite
with acicular microstructure. Experimental results demonstrated that microstructure and porosity of
porous mullite are depending on concentration of AlF;, holding time at 900C and starting material.
Acicular mullite was developed by increasing amount of AIF; and holding time at 900¢. Mullite began to
be formed at 12007 and the resultant microstructure sintered at this temperature is similar to those at
higher temperatures. Porosity increases with increase in amounts of AlF; and holding time at 900¢.
Therefore, it is found that microstructure of reaction-sintered porous mullite can be controlled by
governing the amount of AlF; and holding time at 900¢C.
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Fig. 1 SEM micrographs of the specimens with different
amounts of AlFs using ALQO; sintered at 1400¢C for
2hours.

Fig. 3 SEM micrographs of the specimens with different
amounts of AlF; using Al{OH); sintered at 1400 for
2Zhours.
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Fig. 4 XRD patterns of the specimens with different amounts of
AlF3 using Al{OH); sintered at 1400°C for 2hours

(a) Omin.

{c) 60min.

Fig. 5 SEM micrographs of the specimens with different holding
times at 900¢

Hheh o] #risle AlF9) %] Be48 Si0,9)
ghgo] Shieh] Yoy ER o2 En=ol SiF, 7}
(= %@0}7‘“ Ha, d4H s Egzgl B
djHo] 244 BelolEr} HAES F18 4 Yt
B Aol 4" AHES 900 424 A
AANE HAA 24 F BeA JE SiF, 7}
FE AN YA4sE AAAE BoolEg n)
AFEE Aojsln o A9E % }‘ﬁﬁ} a2
BE|EE 7] aiMe AlE AA o)A 1ukgo]
dold & U=E HAY SiF, 7l B us
Folok gt} o] sl 24 F TAsH:= SiF,
7t27b Aelur Al REE Bl E o] fste] Wuw
& TEo]l 1 FollA] B spao} AlHTe 2
dojd & ;JEE shicth Fig. 5& 44
AlHE ¥e & 900¢CoA Z+2k Omin.,
30min., 60mm g vZ} o}:ﬂ_, 14OO°C°1]A1 2/\12}

1\){ o rir

it

[y o

=4
2k
?ig
E

=8
=

0

%

-ﬂ;tﬂ SxF4 7}*7} Elg
A= Al A
ER 2EeEe & F 4
D 484 A3z =
A8 £ glon,




%134 5 82000. 10 wheadE g BefolE nlAlE Ao . 35

M {i;:; mufite !

I

M
1|
§ L st ol
= , : | -
’ 30min

20

§ M mullite

u M it :

: M

% M i M M% EA VI |
[=1 BN SN - WG A W
8 1400°C

o

’ 1300°C
e U A}b\ oA

20

Fig. 6 XRD patterns of the specimens with different holding
times at 900¢.
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Fig. 8 XRD patterns of the specimens with different sintering
temperatures at 7wi% of AlF;

¥ 2 9% 23 9ee 2 4 ew, Fig 8olA
HojFE XRD 242% oln] 1200Colq3E Az
AAlo] BeolEA 4AHNSS BT 4 ok

3.47|13E &3

7t 2] Mg 7138 WEke Fig 99 Jehidch
aRelA B whel o AlF:9) o] BEFE(a
g a,b) 2l SiFs 2stE 2% p7iAe &
A ARbel A5(ad d) 71F8] FME 22E
T Utk ol AMR H7HAY] o] TS,
SiFs 7k27b A 2% o9 §x] Alzhe]
oA E 718kgo] F&83H doluA H3, o] 7)
gurgog <ld Falel ogk XUsls NAdozH

(a) % of AlF3 (b) % of AlF3

i

R BT

s
R

Tos, g
Sintaring Tamperature €G3 > oAl Tone

(c) (d)

Fig. 9 Porosity measurement



36 z99 - &

2

- BER

BEESHEEER

1380] 7kt 2489 dA7E 2EsiA He A
o2 AZtdd. 24e25E 1200¢, 1300¢, 1400T
2 22 oy 7178 3o & Aolg HolA &
I FoR uFo(aY o) 2IEE 7T E W
2 9% vAA g AR guHdt 224 e
ALO;2 ¥ AlE(2¥ a)%t Al(OH):2 3% & el
AlE(28 b)el 71gE< Hlas 29 Al(OH):E &
Els v Ao vlEEel B4 w4 JEdE ¢
F glen, ole ALOs9 4% A {3 & i3
o gglo|E3} Whgo] Al(OH):E 288d=R AHE
Aol AsEo 4 AA dowa, AI(OH)9] 73
Fol glold e gl oste] ALOsz Wstd o
207} 2R Hol aE o B2 7]Fe] AVle
log Aztac

N

prUpes

4.7 2

=1

0 24 I og HE ALOE FYRR
S A AR EoolEVF AEA dgken,
Al(OH):;E 2¢E2= & AJHMT H7HZ ALE
g AlF:9] %ol 713l w2t E2olE whgo] 2
&7 dojweh ®& SiF, 7tart BAE e 0
900 CcoAAM 2 Az o] Ao 8 S SiF, 7k
7b AT me} o& 22 4P geolEs}
ARE Tk 7188 A AlF:e] $eko] F7184E,
900colA A Azte] AFE FrleHlen, 24 &
T Wgke oA 4 F IS vAA 4tk
metd A4 a3y EElolEY mAlTze At
sle AlF:9 43} 900caAA Y fAARME AA-eA
242 A7t 7hestth. AI(OH):9 Si0.9]
B &g 522 3la, Twit%d AlRE Hrishd,
900CclM 60% FAIAIZ F 1400CollM 2417k 22
g Ao B /A EfAe Az A
o A% o3 BEolES de F AU

i

%

gy

1. S. Kangak, H. Tabata, T. Kumagawaand and
S. Hota, "Sintering and Mechanical Properties of
Stoichiometric Mullite”, J. Am. Ceram. Soc.,
68(1), 1985

2. R. M. German, “Sintering Theory and
Practice”, John Wiley & Sons, Inc., 1996

3. Okada and N. Otsuka, “Synthesis of Mullite
Whiskers by Vapor-Phase Reaction”, J. Master.
Sci. Lett., 8, 1989

4. K. Okada and N. Otuska, “Synthesis of
Mullite Whiskers and Their Application in
Composites”, J. Am, Ceram. Soc., 74(10), 1991

5.J. R. Moyer and P. R. Rudolf, “Stoichiometry
of Fluorotopaz and of Mullite Made from
Fluorotopaz”, J. Am. Ceram. Soc., 77(4), 1994

6. D. A. Haught and 1. G. Tlamy, "Preparation
of Mullite Whiskers from AlF;, SiO; and ALO;
Powders” U. S. Pat. No. 4910172, 1990

7. D. Haught, I. Talmy, D. Divecha and S.
Karmarkar, “Mullite whisker felt and its
application in composites”, Matls. Sci. and Eng.,
Al144207-214, 1991

8. %%, Y, "sad e B3 U 8elol
E9] AZ", g=xA| 58}3]A], 9(6), 1999

9. B. Locsei, “Contributions to the Kinetics of
Mullite Formation in the System Aluminum
Fluoride-Silica [, Acta Chim. Hung., 33, 1962

10. I. G. Talmy and D. A. Haught, “Mullite
Whisker Prepartion”, U. S. Pat. No. 4911902 and
U. S. Pat No. 4948766, 1990.

11. J. R. Moyer, “Phase Diagram for Mullite-
SiF’", J. Am. Ceram. Soc., 78(12), 1995



