Journal of the I{crean Ceramic Sociely
Val 27, No.2, PP 201~210, 18%0

UTAOIEZ FE Mullite 229| 8t4 & Mullite-Zirconia 2&H|2| EA

Synthesis of Mullite Powder from Alkoxides and the
Properties of the Mullite-Zirconia Composites

Jong-Keun Ham and Hong-Lim Lee
Dept. of Ceramic Engineering, Yonsei University
{Received January 4, 1990)

ko
(o]

Mullite o 7= 2} gfajel 44 ZAL
27babed mullite-Zr0, 2342 A 2ehT 4
F&r3 ez 2 2E mullite 24 ¢] FEE spa BH g Al 51 741 AbE2 IRE4 A3 Al-O- 51 A% g4
of Zalslsle, 2EASS o] £ M4E0 Si-Al spinel 4% 724 mullite # 1k, 1300C o[ 4be] 3
Eoll 4 mullite -5} °T AT (a,=7.5458 A)-2 halek2 2L 7he mullite (71, 8wt AlQy) 8] Azlgs(a,=
44
bv

4 1{} o2 Az Zr0,-3m/o Y,0; 2L mullile 7]2 0%] &l 15v/o
E Faetgn.

R
.
%
N

5

=3

=
=

CD

E

-
L\‘,

i

fa)

To

—

o

o

4+)

=
jmg

[w]

=

L

(=W

(13

=

[77]

5

(o]

5]

o

(=]

=
D‘

i

Ba6A) o 2] A s e velgl ek Mullite-15v/0 ZrO. B 3o Jhal| 4] £A A S, o472, 743
T 2 mullite-15vf’0 Zr0y(+3m/0 Ye05) Etals 1600Te14 2284 ) 96%¢] A2 =zte e
1250°C el A4 Bl mullite #4-E 7AE Fhe] 1600°Co] A A2 L% o] Felzbz (307MPa) o zhsalAl ( 25(]MPa

') o] A gk ebhsieh, Mullite-zirconia %87} mullite golol] u]3] slxlalae] 2744 72 Fubd Zr0,4)
FEE7 Aol ok mrabA Ol sisle] AR ol AT ol Fod Agr)Fe Behua o Lolgin

ABSTRACT

The mulirte-15v/0 ZrQ, composites were prepared hy dispersing Zr0;-3m/o Y,0, powders into the mullite
matrix in order to improve the mechanical properties of the mullite. The densilication and retention of t-Zr0,
in 1he matrix of synthetic mullite were also investigated

From IR spectroscopic analysis, the oblained amorphous Si0y-AlQ, powder was observed lo have S1-0-Al
chemical bond in its structure which might resull in the homogeneous mullite composition, The lattice parameter
of ihe mullite powder calcined above 1300°C (2,=7 5468 ) is nearly close to the value of stoichiometric mullite
(71.8w1% ALO., 2,=7.5456A)

The sintering behavior, microstructure, flexural strength and fraclure toughness of the mullite and mullite

-15v/o Zr(), composites have been studied.
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The mullite-15v/0 ZrQ, {+3m/o ¥,0,) ceramics with relalive densilies of 96% were obtained when sintered
at 1600°C. The flexural strength and fracture toughness of the composiles sintered at 1660 (calcination
temperature of mullite powders ; 1250%) had maximum values of 307MPa and 2.56MPa - m'®, respectively. The
fracture toughness improvement in the mullite-Zr(), cmoposite is assumed to be resulted from the combined effect
of 1he stress-induced phase iransformation of tetragonal ZrO, and the crack deflection due to microcracking by

the monoclinic ZrQ, formation.
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Table 1. Starting Materials,

Materials Source Purity

Fluka Chemical Co., Lid., o

AHOGHy), Swilzerland >98%
aC ical Co.

SH(OC,H,), Fluka Chen-nca Co., Ltd , »08%
Switzerland

20CL, - 8H,0 Junsei Chemical Co.,Ltd , | Chem.

Japan Pure

Aldrich Chemical Co.,Inc |, ,

YCl, - 6H,0 R X

Table 2. Specific Surface Areas and Particle Size
Distributions of Zr0, {4+ 3m/e Y,0,} Powders
before and after Ball Milling.
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7 600 60
After | w0048 | 027 |
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Fig.2. Change of the specific surface areas of the

Si0,-AlLQ, powders as a function of heat
-treatment temperature.
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Table 4. Mechanical Properties of Mullite/ZrO,
Composites as Functions of Calcination
Temperature of the Mullite Powders and
Sintering Temperature.

Calcination Sintering
Systemy Temp of Mullite | Temp Mo R Kac
" . o0 | {MPa) (MPa - m"®)
(c) {c)
800 300 2 4]
1250 1600 307 2.50
2 i .
M--Z
800 223 2.50
1650
1230 222 2.47

* M+ Z=Mullite ~ 15v/0 Zr0; 1 +3m/o Y.0,)
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Table 5. Tetragonal-to-Monoclinic Zr(, Ratio as
Functions of Calcination Temperature of the
Mullite Powders and Sintering Temperature.

Calcim-|  Sint- Ratio of X,
ation 9
Systern {Temp, of ETng and X (%) AX,
Mullite Lemp As-Fired [Fractured
1y t'Ch Surface | Surface
X 217 30.%
800 "
X T8.3 69.1 9.2
1600
Xn 20 2 35.9
1250
H 79.8 Ga.1 115.7
M+Z -
Xa 33.5 60.4
800
X 46.5 19.6 68
1650 -
X 515 52 5
1250 - -
X 48.3 47 7 0.8

M+ Z=Mullite +15v/0 Zr0a{+3m/c Y,0,)

*SQubscripts m and t are monoclinic Zr(, and tetragonal
Zr0,, respectlively.

*AX, =Amount of Transformed Tetragonal ZrQ), before and
after Fracture,
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Fig 7 SEM micrographs of polished mullite/Zr(, surfaces ag functions of

calcination lemperatures of the mullite powders and sintering tem-

peratures, White phases are
(a) calcination temp ; 800°C,

(b} calcination temp., 1250C.

{c) calcination temp, ; 800°C,

{d) calcination temp., 12507,

ZrQ, and dark phases are mullite.
gintered temp.; 1600C .

sinlered temp,: 1600 .

sintered temp,; 1650°C .

sintered temp., 1650 .

Fig.8 SEM microgrphs of fractured mullite/Zr(), surfaces

White phases are ZrQ, and dark phases are mullite. Left is secon
dary election image and right is back scattered image in each

micrograph.

(a) calcination temp., 800°C,
(

)
(c)
(d)

calcination temp.; 800,

calcination temp,: 12507,

calcination temp.: 1250,

sintered temp.; 1600T

sintered temp ; 1600°C

sintered temp,, 1650C

sintered temp.; 1650°C
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