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ABSTRACT

Cordierite powders were prepared from Si(0C.H;),. Al(OC:H;"s and Mg(OC,H;}, by the sol—gel method.
Two different methods were applied for producing fme and homogeneous powders, One is that Si{QC,Hs), with
a lower rate of hydrolysis was partially hydrolyzed and then AI{OC,H:'); and Mg{OC;H;). were mixed and
reacted. The other is based an the simultaneous hydrolysis of these metal alkoxides using i—C,H,OH which
retards the rate of hydrolysis of A{OC,H;"); and Mg(OC,H.},. It was confirmed that fine and homogeneous
powders were ohtained from both methods, Also these powders were calcined al four different temperatures
during two hours. X—ray diffraction patterns shaw only g —cordierile phase at 1000°C, x—cordierite and «—
cordierite phases at 1100—1200%C and a—cordierite phase at 1300°C respectively,




1.H E

Cordierite ceramics = 98 #4471 z2a, Jiler]
£ ATA A7l ARG FehA, Sk A
o dxdgy], el Lo TRAER 2% %y
R S E T CE R ELERETE TR SR
o 9k, a2y cordierite ceramics = =2 -8l 5-d

w0
%o,
™,

14557 ©|3 25C Y & 2HEE d4 5 714

o goll Ao uf$- Lahdlol™ cordierite 249 Fg
AL AHEdd Rty 248 2A A Lol
AAze o] AxPoR slgkela] gy 4o o

7},

whef4] Aobz 2 palw el cordierite ceramics 2 9
oaw] FAolz 4757 4% cordierite o] $ g Fa
= sl=v alkoxide & o] 43k sol—gel ¥ =2 344 0|

gure Aol $elade Axs AReld ghol 2
A Aol Gedel & Aez deA Ud. 2
allkoxide o2 pa7 o gel ¥ % Yoo ¢ 5L
4% alkoxide 59 7i44d 2270 e 2o 4

AT #e] A7 AR Sumkon 52 34
alkoxide 2 4 S{(OC,H;),, AUOCH,",, Mg(OCH;),
58 A3l cordierite, mullite % cordierite —mullite
A AFA 298 A7 A9 s SR 2 S
(OCH:) & v]e] &34 5 7P“F'E"5H R EA=s-
$8 225 w2 ALOCH,) 0% Mg(OCH:).o] E84
At Hola prda g AAAA D ek o, Y
& &=rb wiE ALOCH:") ;& i—CHOH 2 23847
&4)7) —0CH; 5, —OCH 7|2 L8207 5347 9
AA4aE 24 hezd ALOCH,),9 7leid 225
A4tz glck. £ Aol SHOCH:), ALOC,
He')a, Mg(OCH:)p % A& sol-gel H2o.2 %5 &

Yo 20¢ AEGL $4Y BT 4L a0

.{

Peor o

A 49,

2. MEY

2.1, EYEE

E Ao 4} 43 2edale 255900 cordierite
& F4-213424 alkoxide & Si(0C.H;), (Wako # 95%
5, o/ Si(OEt),et #ch) ALOCH:); (Aldrich &

9% wx, old AlOPM"),z 3 % Mg({OCH;),

&l « )1}--'3— =]

=

. (Aldrich#] 98% £x, ol Mg(OEU), & deh g, )

o] 2 C,H,0H (James Burrough 4] 99.9%, |3} EtOH
2} dhe}) o} (CH,) ,CHCH.OH (Tedia #] 99.0% %=, ©]
2l BulCH 2} gl & o2 HCl(YorikiA] 35%%5)
o)),

2.2. 8 TY29| ghdiiy

Cordierite 242 = #32 4L Fig.13 7o

sol —gel ¥ & 1%3}‘3 I ﬂ&‘ﬁ (a)% e £
E' Eq e

%aﬂ A]?Jx] %L-Jl AI(DPr)H —0OPr'g vy :
OBu'z #3407 AlOPr'),e 7+28 % ham
g zlelch. ubw (a)e] 4 Si(OFt) = HCl &

EOH & sl 2 as) 7oColy 48437} 231524 3
B, 054 6417 k24 7] ALIOPTY, —Mg{OLt),
BuOH A $alat 70Col)A 24478 T3 w447 7, Si
{OEt),2] 20mole ojg) 2F+E 7tslz, 70ColA 124

TECS + EEOH
+ 'B20 + BCl +BuiL0l~]

Mg{OEE), + Ai(opclyy

reflux at 70%| - 4gnye reflux at 95°C | - 6hx

raflux ak 70% -24he

mixed Solution
reflux at 70% - 12hr

Precipitation

vacuum drying at 100%

l Alkoxy-derived gel powder l
Mg(OEt)y + AL{OPT ),
i

(a)
TEOS + TCEOH
+ Bu”tOH

reflux at SSOC[ - 6hr

mixing and

reaction at 70°c - 2hr

mixed Selution

1[20 + Icl

reflux at 70°c - 12hr

Precipitatieon

vacuum drying at 1qo°c

Alkoxy-dorived gel powder
(b

Fig.1. Schematic diagram of sol—gel process.

S.ajel g



24 Alkoxide 2 38 Cordierite

7 ube g, ol Si(OEL) o F4rheal Sole =
AL Fig. 294 & a, b, ol dlghabe 3EFolv Mg
Al alkoxide Si{0Ft), ekt

=A4o] 54 sheglz, Mg 2 Al alkoxide £
S-alo| 42 Bu'OH ¢ kL alkoxide o =7} (0 1mel/

L7 =A shdet. ghad vy (el Al dbd (a)of A5}

2

<3
DQL—C Tl

& zl

cordierite

ol 95Tl A 647 uwiS-4 2 ALOPr), —-Mg
(OEt), —Bu'OH 7 24l Si(OEt),—EtOH # £4%
A2 70T A 247 uFEA 7 g8, Si(0Et), 4 znmole
Ao Ffepell HOI S o] hela 1Tl A 124)3F 9h5

AZh. o] Aald HC gL abd (a),

Si(OEt;),<] 0.1mele 97} si#) 3dc}.
2,3, 2ate| 4 =3t

Aol e AL NAEr] As

DTA(Rigaku A, F¢4% 10C/min)ol] &3 g4

Hetsioo °,l A27|8h Bk

fd—%ﬁbit%. wdl #Hikdg HelE

FT—IR(Nicolet 4]} & o]-g3lod #24

9 o o] surface area analyser

by A 3o

;r-]z u]

_ 0

T
al o] okl

o

Je

\Quantachrom A
A shsich 9 A2
AL golir] o] X

L3le] XA gAEHE ¥

monoscrh) el &3] v EelA3 &=
w2 e ARy 84
3" 4 7] (Rigaku 4)) 3 ¢]

250
Agieh,

RN
=

5110C,Mg)y;

1,0
C
llﬁon z

mol

Fig.2. Composition of solutions for hydrolysis of Si
(OC,Ha},.
a - 3.5mol Si{OEt),—7.0mol H,3-—89.5mol
EtOH
b 5.0mol Si{OEL),
EtCH
¢ §.37mol Si(OEt,—
mal EtOH
d: 10, 0mel SitOEt),—20.0mol H,0-70.0mol
EtOH

—10.0mol H,0—85.0mol

12.74mol H,O—80.89

A 27w A5 & (1980)

1627)

g4 Y aadel Y AF(I)
3. 2 8 ¥

1. & 2 gy
3.1.1. Si{0C,Hs), —C,H;,0H-H,0-HCl A
HE

Cordierite F41 Si{OEL),, AL{OPr): % Mg(OEt).
2 Ahgdl A Lol SH{ORL) = & alkoxide off wis] 7}
£57} velog FA4 cordierile HU§ oo
gl %3 ssgals Si(OED,E MglOE), 3 Al
OPr),2] % alkoxide & £3tale] 7h48l 9} o] %
} 74 gh= Ae] T, o|uw) Si(OED,2
A sl gele ghe AL mokel FEA (SL0n
(OH)parz, ©17141 n=2 =& 371 A4HA HO/5
(OED), 8 molev] & 22 stz glep?. 2 AddHs
Fig.2¢l 4 H,0/Si{0Et),2] meled] 7} 24
Suzuki® o] #Ha 24 c oo 24 a, bE 7kl 3
hz] ZA(0]d o] T 2AE oj2d A2 A7 A B, C
ALgolsl B e A Aoz 43
alo] HCl Zofsle] 707CelH F 42
Eo]. Zghel-20] A]ﬁgglby}a
Azdz 243 g
o e & Fig.3sh 2o,
Fig.2¢} Fig.3& ¥ &4 a, b, ¢ & o3¢ H,0/8
(OEt), o molewjs} 2e]xwk, EtOH =g elz Si
(OE6, ¢ 27t o2a Adare SifOED,.s ¥E7t

k!

&l

de

PEN |
=

=
8 F
= =l O
3L e

st

=1
S

=]

EL
e

<
=

2

Py
=4 %

ol =,

o2 sgdEl He
217 98l sayholt
rd

ENEE T PER

o] ZA4

al

st
A

A

e, ol S

A Aol wheba] ok AR Yob. 22 HE R
Hﬂﬁ]’oﬁ-z Ez].

Sop i

g 5=

]

0

-~

n

o

7}

n

ot

=3

v

4

i

]

|

o c

R b
a

o] 20 40 60
Time [hr)

Pig.3. The change in viscosity of the Si(QFEt),—
F:OH solutions with time at 70°C and HCl—

catalysed (HCI/Si{OEt),=0 1mol/mal).
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Table 1. Crystalline Phase of the Calcined Powders
Determined by X-ray Diffraction.

Cala-
nation| A- B- C- DA- DB- DC-
Temp | Series | Series | Series | Series | Series | Serics
()
1000 | ge-cord. | g-cord | x-cord, | g-cord, | g-cord | g-cord,
1100 | g-cord. | g—cord. | g-cord | a-cord. | g-cord. | p-cord
-cord | e-cord. | a-cord, | g-cord. | @-cord | @-cord,
 Ju-cord | a-cord, | a-cord. | g-cord,
.| @-cord |g-cord. | g-cord | a-cord.
a-cord | e~cord, | a-covd | g-covd.

card =cordierite



4 Alkoxide & H©| Cordierite

9w, oheb g —cordierite o4 o —cordierite = He]dla=

£27h AAdE 2 B CHBL =3l gios, o
alkoxide 2] Hl2-Ao] vl = Fig 18] =] (a) 2} (b) o
Ap s (O, ~EtOH-HCl 4|9 =49 spolz)
gelm olel. = Si(0Ft), 7} BtOH o nrh 3450
Aol alkoxide 8] FAT Falol} FTL o A)sle] A
WA ] wd e 24 sz Bejalc

(3) Alapd B

Fig.bx §4H #49 DTAFA4F FAge] §
2x ogdod p—cordierite o] 28 (963-984C) 8}
A o] (1070—1136C)e] wj& W
peak F4-& el sleloh o7 u—cordierite 9]
444 DC>DA>DB>A>B=CrAlde] £HE 2o
A defipn, a—cordierite 2¢] HelEx DA>DC>DBE>
A>B=CHde #42 #Hecd dohEr e 4]
2 Tahble 1 X—-A3"84 A3e 1100099

'I 7
cordierite 2} a—cordierite &) k= 3.7 2}

e

N

-3

oo

& —cordierite 2. 2]

daj ¢

SRER DK

g 4ol A

HT(1)

Endo -—=-— —»— Extho

+ + I |
LD 1000 1100 1200

Temperature | DC}

800

Fig.5. DTA curves of the gel powders

Fig.6. TEM images of the gel powders dried at 1907C.
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Table 2. The Specific Surface Area of the Gel

Powders Dried at 1007C. {m2/g)
A- B- C- DA- DB- DC-
Series | Serles | Series | Seriez | Series | Series
523.99 | 203,16 | 519.24 | 480.62 | 426 95 | 449.42
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