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ABSTRACT

Mullite and cordierite were prepared by the sel—gel route. Boehmite, fumed silica and Mg(NQs), - 6H,0
were their starting materials. Mutlite and cordierite powder were mixed by various weight percent. These mixed
sols were ball—milled for 48hrs, dried at 100°C, pressed, cold isostatic pressed and sintered at 1490°C for 2hrs.

Mullite—cardierite composites sintered at 1490°C for 2hrs had > 98% of theoretical density. Bending strength
of the sintered bodies was 329—249MPa, dielectric constant 7.1—6.7 at 1IMHz and thermal expansion coefficient
at 800°C was matched with Si in the range of 30—35wt% cordierite.
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Fig. 5. TG—DTA curves of the cordierte powders.
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Table 1. BET Surface Area of the Synthesized
Powder,
Powder BET surface area{m’/g}
Mullite 14.5%
Cordierite 10.24
S| Eefolmo} =riojaje] = 9] SEM Apzlelzt. glats]
Hiz2se EapolBd 0.1-0.3xm, Zojefefe|EE 0,
2-1 pm A5 % o1& Y45 A% 4+ gl ol 2
Jefehol = Al 4AE £ B4E HiZT Yo
olge ¥paMEs Az dioz 435 Hoz
(m.p. | 14507) =B EA £ dge Fa gosz 4
e
A28 gake] v Zia g-g Table 10 b %
3.2. SRS &8 EY
MgO—ALO—Si0; 4427 el =% w2a) Fohol

E—zrlofefel= Bdlagol M= A3 Hitge] 44
| ¢k o] Tk g ole] wlgolHE E¢A &Y A 27
P ¥ ¢ Aot

apaba] 2 ol melejalejmy] FA U S w5
A Al 2o sh2 LA S4E dFsiddet, el =2
Aol glelA 2.6wtdie] TiOE o] deold Sitdls
Z A28 % e o] James D. Hodge & o F48 32190
g7ste] o g TnelM sAe] & Heg 7]
Aol

3.2.1. 9E &7

Zrfo|zfe] B9 kg 10, 20, 30, 35, 40wi%
A sbdA W00T 243 £AF £AAY A deg

™~ pal

r!n

tb)
Fig. 6. SEM micrographs of the synthesized powers.
fa) Mullite (h) Cordierite



DAL - QFE-HFGA - A A5 Ay E
10 = .
. . . & Aztolch. AYAEe] FEH 329-249MPa & el
[ ]
vigdeh, Z—A ahilS o] &5le nlalg xS 2 B
- fel s} ar]efgtele EubE A|EFe] 27 B £
554 N .
~ gl el Az E ATy o|efd AR g AR E
. .
2 shol E sck cha ol o} ejolzholmu ) ol S
o n ,
E oz FlHAgas] o &5 g T FUS d 4l
o H e}
> R -
2w 3.2.3. AAR A4 34
o 1490°C =247 249 27449 434485 Fig 9] 1
ek g
g 10 =0 aa a0
Content af cordierile (wls) 023
Fig. 7. Cordierite content vs, relative density of the Sopa0 @ 10 =T Cordierite 7
. N - - 20 witX Cardieril [ ]
COMmpOosLes. a S 30 mex Cordrens =
s - Fy 38 wik Cordierits
S > A 40 wt?% Cordlerite s J‘#‘//':
. T . Vg 14
Fig. 7o) vieh 4o}, Somn b ,f,“; /
i
= - - p= e
Heletelssl A7} Fohe ol spel el A4 5ot 4
- o 015 4
ez pauEs dad P& ¥ 4 oo BT AR 2 7
/ _ = |
of SlefH 98% olae = Adlmw Fe g = gy E ook 7
) B prAa
=3 £ i /’.’///
3.2.2. AYAE 23 ML =
Aolzly 2z EJ%F Al vleR I 1 L
Y E S = = Fel o 000 ¥ Z00 00 T Rty
of A5 95 34 2de =abrla 2 acjojetel Temperature (°C)
- z o] AL o = > - . o : :
o FA FobErE fdvtee daTd &S e Fig. 9. Temperature vs, thermal expansion ratic of
o] A& 7| e E 2= frjo|eolE 2 old) tle] the composites at the various cordierite
content.
KL
L 50
340}
asol \ 45}
- L L | L
L]
o
g 00|- \ . 4o}
= L &)
o [ ]
~ 2| \ ".?\
a5 Si
o 2 N
© 260 \ 5 r ™
_ L]
= .\l 3.0 |
240
az0| 2a
#0% Ia EIP 50 1a 205 ) 26 T i)
Conlent of cordierite { wtz)} Conleni of ecordierile {wig)
Fig. 8. Cordierite content vs. bending strength of the Fig. 10. Cordierite content vs. thermal expansion
composites. coefficient of the composites.

(398) 253 A



AuA szl Eolelm-adosole SgAl ol Bt £4

zrjejetol m g BAls} Frldas dafabdo] A5HE )
& o & glalow] o Az e 00T M Gy .
A+Z Faled o 2roldg] Ael(Sh) whate vl
Fig. 100 1tebd gict.
Fig. 109} A 7ol 250 =
#2 g Ase A
30—35wt%  Abeiel

m]wu
a
=
T

/

srjoizlel 28] FA71 Fo1E
AR ez asta 3o
2

Adulz A 4(3.5x%

Iheleclrie censtant
o
o
—

A Aed
10/ 3 A Bk g E & & 9T dAg A4t .
Az 29 gt dAHE e JRAEEd 2FHE
o} -7;—_3_':5]- A RTO]]:} 62
.24, +2F 34 . . . .
B GDU D) 20 a0 4D

oAy Azt F942d FAE we H3
Fig.11e] +Febviale}.
FAEe zriolgelrg FArL Fohgkel wel Al
4

i

Content of cordierite (wle)

Fig. 11, Cordierile content vs_ dielectric constant of
the composifes.

Had o2 adte AgE Jeilden], ofue AT

e 7.1-6 T(at IMHz) 24 7]dA 22 2 Ze] 753

e e b Y-S 9 7 A 1325 ~30% 54t therma! etchingsled £ SEMApA o] o,
3.2.5, o= 3 ar|efebel 2y FAl=|7l 10, 20, 30% = Zviglel o
Fig 12= 1490°Cc—243F 243 2445 d=¢d e THAEE of[F 1 UE FepolEg At Az

Fig. 12. SEM micrographs of the composites {13257 —30min etching)} .
(a) 10wt% Cordierile (b) 20wt% Cordierite (¢} 30wit% Cordierite (d) 40wt% Cordierite

A27= A3 5 (1990) (399}



A4 % A%E -
I&E o ek ol EEolE giaEe] 2roie}
ol Aot o FRANEE AT W FrielzelE o

a)

Aol wetting o]l ZrlolE A5 A o} E &

#A5 Aol o3 Ostwald ripening 8 alel] ¢& 7o
i Azbg e, ol 40wty Rele|ghel 24 HE Aok
Zr]efgle|E dlato g ol wetting €4 o] o SEM
AF A ] ol flot

o

48 B

AdArze S84 A7 Eefo|E—-adelafolE &
izl AES Bl g& A2 23 ot

1) ZE-A wald o435k Azd 45 1300CAA
1004 Fab shaste] A Ay Al gejelEst 2
Hojghe| E5 gl en], ofx} Zele|EL] | EAL 14,

50m?/g, AdAZLAE 0.1—0.3um, 2cjojg}e]E
10.24m%/g, 0.2—1.0pm S},
9) BglolE—Frlo|glo| B
Helspo| e o] BA 7 Fotds
MPa 9 gt& vbehfisl
3 B2 FAGL 7.1-6.7(at IMHz) &

* %44

Faee AYREE 2
=
e

B
Aiatgoe 329-249

o

vhehd

glowd, ofu] 2rjajele]2e] A Sogke] o A
& F2EE ¢ 5 Al

£ E ATAA Az BRAZA LAY ASE 0-
3wl 2vlelzbole Abojel ] Ael 29l §3} U2

olol

bl.8 O
TE 2 A

A
REFERENCES

1. K.Y, Kim, Y.H. Kim, S.M. Kang, B.H. Kim
and S.5. Kim, “Studies on the Fine Sintered
Mullite {11}, " . Kor. Cemn;. Soc., 68 (1) C6—
C7 (1985).

2. S. Kanzaki and H. Tabata, “Sintering and

LR

(400)

|
]

10.

. K.S5. Mazdivasni and L.M. Brown,

. M. Horiuchi,

. M.F Yan and W.W. Rhodes,

. I.M. Lachmann and R.M. Lewis,

. B.H. Mussler and M.W. Shafer,

SRR et

Mechanical Properties of Stoichiometric Mullite, "
J. Am. Ceram. Soc., 68 (1), C6—C7 (1985).
“Synthesis
and Mechanical Properties of Steichiometric
Aluminium Silicate (Mullite} ,”™ J. Am.
Soc., 55 (11), 548—552 (1972).

K. Mizughima, Y. Takeuchi and
S. Wakabayashi, "New Mullite Ceramic Package
" IEEE Ty,
and Manufacturing Tech.,

Ceram .

Componenis,
11 (4), 439

and Substrates,
Hybrids,
(1988)

“Ceramic Optical
Package ; Material Requirements and Guidelines
Edited hy Ralph
Jaccodine et al., Electronic Packaging Materials
Pittsburgh, MRS, pp. 439—453

for Material Selection,”

Science IL,
(1987) .

. IR WIN M. Lachman, Rodney D. Bagley and

Expansion of
Am,

Ronald M. Lewis, “Thermal
Extruded Cordierite Ceramics,”
Soc. Buif., 60 (2), 202 {1981).

Ceram .

“Anisotropic
Cordierite Monolith,” U.S. Patent 3885977, May
27 {1975},

“Preparation
and Properties of Mullite Cordierite Composites, ™
Presented at the 85th Annual Meeting of the Am,

Ceram. Soc., Chicago (1983).

K. Y. Kim, Y.H. Kim, B.H. Kim and D.]. Lee,

“Studies on the Synthesis of High Purity and Fine
Mullite Powder(I}," 26 (5) 682—690 (1989),

James D. Hodge, “Microstructure Development in
Mullite Cordierite Ceramics,” U.S. Patent

45282275 {1985) .

A.51%h# A



