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Abstract — In this study, spherical fine pre-mullite particles were prepared by partial hydrolysis method to control the reac-
tion rate difference of two alkoxides and by mixed solvent method to control the particle shape. The optimum conditions for
preparing spherical pre-mullite particles were; ([TEOS] = 0.0333 mol//, [ASB] = 0.1 mol/l, [H,O] = 0.5 mol/l, [acetonitrile] =
40 vol%, [HPC] 0.1 g/l). Al,0; : SiO, molar ratio of pre-mullite particles determined by XRF analysis was about 3 : 2. Mul-
litization reactions were studied by DTA, XRD, and FT-IR analysis. Pre-mullite particles were determined amorphous by XRD
analysis, and all pre-mullite powders showed an exothermic peak around 990 °C on DTA analysis associated with crystalliza-
tion to spinel phase. The samples passing through the spinel phase were transformed into the T-mullite at around 1,100 °C and
the transformation to O-mullite took place about 1,250 °C. [H,0}/[Si-alkoxide] molar ratio added in the partial hydrolysis reac-
tion had an important effect upon the mullitization of pre-mullite powder, the pre-mullite particles of the highest degree of Si-
O-Al bonding were obtained when [H,0)/[Si-alkoxide] was 1 and the particles crystallized to O-mullite at low temperature
(1224.43 °C) than other particles.
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Octanol + Acetonitrile + Water
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Fig. 1. Experimental apparatus.
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Drying

Fig. 2. Flow diagram for preparation spherical Mullite powders.
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lite APEAE Az BEo] FEE F ke o3 THS B B A7 A8=24L Table 19] JeERIT
Shod EEIBEL 100 °ColA 24417F B¢t Az} olite] HY 4
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Table 1. Experimental conditions

HPC = 0.1 g/l, [HNO;] = 0.667x10 mol/I, Total H,0 =0.5 mol//
1. The effect of acetonitrile contents(unit = mol/f)

Acetonitrile Partial hydrolysis of TEOS ASB added Condensation
Name Octanol —
vol(%) TEOS H,O Octanol ASB H,0 Acetonitrile Octanol

CAl 10 0.0333 0.0666 05 0.0999 1.063 0.4334 1.9130 3.656
CA2 30 5.7370 2.633
CA3* 40 7.6500 1.993
CAa4 50 . 9.5633 1.357
CA5 70 13.386 0.080

2. The effect of [H,O}/[TEOS] added on partial hydrolysis of TEOS
Acetonitrile vol% = 40, H : T = [H,0O]/[TEOS]

Partial hydrolysis of TEOS ASB added Condensation
Name H:T Octanol
TEOS H,0 Octanol ASB H,0O Acetonitrile Octanol
HW1 1:1 0.0333 0.0333 0.5 0.0999 1.063 0.4667 7.6500 1.993
HW2* 2:1 0.0666 0.4334
HW3 3:1 0.1000 0.4000
HwW4 4:1 0.1333 0.3667

CA3™ and HW2¥ are same condition.
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(a) CA1

(d) CA4
Fig. 3. Electron microscope of premullite particles for different acetonitrile contents.

(SEM, Philips 535M)& ©|-&-3fo] 20kve] 2Ac s Basiy),
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AZE mullite AvEA) 38t 2L 7287 95l X-Ray
Fluorescence Spectrometry(XRF, Philips/PW 1480) %41 3351},

2-4-3. BET 24

8ta 2o mE vl poree] WatE 723l7] $i5l] BET B4
(Micromeritics, ASAP, 2000, V3.01)% s}l

2-4-4, XA 34 B4

3t TS T8l YN AL TE) Yl 24T ew
Hslol] gk XA 3@ $A(XRD, Rigaku, Scanning speed 1%min,
Target = Cuker, Power =30kV, 20mA, 14<20<70)S 5}.9™, stand-
ard diffraction datai= joint committee on powder diffraction standard
cardsEHE] 7.0, Mullite®] lattice parameter= M.K. MURTHY™
[181ell ojated F3dt.
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Fig. 3& 480 Fx=9] Wslo] tid SEM £4 Azl Fig. 3
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B3 =R T acetonitriled]= A9 L35 et ey gEA s
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o P2 JRYHL YR E ALsld sg8ud] Luad Al
2 A =, d3e) Jes Jrese) Ygsls Yxiel 4
3 Hold SIS sl Balg 2953wkl o5k Ay
A At AE gl ojsll HEURF AAEA ).
I CAl19] ZAN A9} 7o) acetonitrile®] FE7} w9 o 7
Folle 799 47 FEE JRYPs 59 d=A=9) oo A3
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e SUtska, wEi BUE wat 2N Egdd 2] B¥E
Z= qFo] APEHIL AEHA FHFH el ol FFUA=
37451071 W&ot Fig. 39 ¢J8}H CA3 ZZ(TEOS = 0.0333 mol/
I, ASB=0.1 mol/l, HPC=0.1 g/l, Acetonitrile=40 vol/%, H,0=0.5
mol/ellA 7Y = B¥7} L& 78 mullite AV EA7} AZHA
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3-2. Mullite H0[&H[2| 3i8t =M

Table 2= HW2 27004 FAE mullite 78R ] 318} 4E =
& XRFZ 248 a2 33 nge] BLES 3 o839
513 8 24 (3AL,0,-28i0,)°1 7171 mullite AFEA)(60.27 mole
%9 ALO,V} AZEHAUSS & 4 ot

33, 5t 2z MSiofl o8t ojM Fx wsloff clit &

Fig.4= HW2 Al89] 34 2% sle] gk AF 27 2xs
YEbZ Qlct. Fig. 4ol <318 600 °ColA 3ladt A|8e] A$ 25
ARzl wA AT 600 Aol & AFo] EAIFe & 5 9o
™, 1,000 °Collx ] dhaol 2J3led 40 A ofsle] vl AT A<
Ao, 400 A 29 AlFo] ozt EAREE ¢ £ Jth. g
A dta 2% skl WE nRAY w4 7z Wl e 9 2
< 23l Satd B A7 2904 AZE mullite AUEAE B
A A 22 e o BAlold, stk &% Zvld) gt u
A AlFe] BEE FA43 Zhsled 1,000 °C ol dolA] sliabd Ae
nonporoustt £ 2 HAEHL ¢ 4 Qo).

Table 2. Composition of premullite powders(HW2) determined by XRF

Components Powder(wt%) Theoretical value
Si0, 27.86 28.16
Al,O, 71.86 71.83
Fe,0, 0.06 0.00
CaO 0.02 0.00
MgO 0.10 0.00
Na,O 0.07 0.00
P,04 0.01 0.00
5
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Fig. 4. Pore size distribution of HW2 powder calcined at various temp.
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Fig. 8. X-ray diffraction pattern of HW1 sample calcined at various tem-
perature.

3-4. XRD £4 ZH

Fig. 5= [H,0)/[TEOS]=1%] & 7k=838] ZA0AM AzE mul-
lite A9 EAE 900-1,600 °C7HA] 5°C/min®] £ 7}E3 & =y
AlZL AEe] XRD ¥4 Adfo|tt. Fig. 50 €Jspa 950°C o}e]
Lo vZATE EA18H, 992°CoIA spinekd[20]0] LreRst
21, 1,000°CHAXE tetragonal mullite(®]3} T-MulliteZ 7)o}
spinelde] FEFE & 5 Utk 1,100°C7HA] dt: LEE 27147
¥ spinetdol AFFAISL mullitedsto] EA)an, 0] LEAME ortho-
thombic mullite(°]3} O-Mullite2 E71)2] A4 ZA7} s (12008
1089 23] @420, 21]°0] HE3H JERK 93 Qe A
22 Hol mullite® el T-Mullited-S & 5 Q). 1,200 °C7HA]
3k 2= F7MIZIE (1205 (10089 Eelel I (250)A7
(52008¢] £27t AFHT Y RoZ Mol O-Mullite’t BAE 7
< ¢ F Uk 2FI 1,600°CTHA] A LEE Eold = ¢ &
o] Wgd O-Mulliteyo] VRO ™, mullite ©]9)¢) AL U}
ER}R] 39ttt

Fig. 6& TEOS?| F& 7IEsv-8<] d71¥ H,09 TEOSY &
H1E WA AZE mullite A0EAE 1,200°C7A) 71831 A
49 X8| XRD ZHEN $YF 01X peake] FEE Hlws] BE
[H,OMTEOSI®] go] S713tl vlet AR =rt Al yehto, [H,0)
[TEOS1=3% 431 7-9oll= T-Mullite} 37 spinelo] Z&3}w Qe
< ¢ F A

Sakka®t Kamiya[22}= Zvfio} Bo] o 227 &% 2 Ustr =g
ol RS BAte] FElg B0 JBS mAn), o Fox 2
o AFAES E vt 7B Be 9L m3ga g ojse
[H,O/[TEOS}9] gho] 4Bt} 22 AL 7i58s) MARe Ay 2
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Fig. 6. X-ray diffraction patterns of various samples calcined at 1,200 °C.
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H AO-Si®] AL Bo] 23 Y= BAGF U 2A9 A
uEA7E A2ER] B2, $i-0-Si, Al-0-Ale} L Fo] 23 g
= U AujRAZE Az, Fig eolxst 2o] U Lx
(1,200°C)olA sf3leigte Bo] @Wol Hrle SN Axd
mullite ZA9] A2} 3¢ 24de] BaFdol] 71918l mullitesz & R
g Aoz M=

Table 300 ZtZ}e] LTeollA 3kAhdk X29] AR} A a9 mullite)
skt 24 2 mullites} T2 = 91 Si0,2 S YERAY
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Fig. 7. Effect of molar ratio([H,O/[TEOS]) on schematic molecular

types.

Table 3. Lattice parameter, A,O; mol%, and amorphous SiO, content
for various samples calcined at different temperature

HW1 HW2 HW3 HW4

7.5411 7.5430 7.5442 7.5458

1,600 °C Lattice parameter a( A )

Al,0; mol% 60.125 60.402 60.570 60.800
Amorphous SiO,(g/1 g sample) 0.0015 0.00471 0.0067 0.0093
1,500 °C Lattice parameter a(A) 7.5421 7.5443 7.5475 7.5487
Al,O; mol% 60.272 60.594 61.049 61.211
Amorphous SiO,(g/1 gsample) 0.0032 0.0069 0.0121 0.0140
1,400 °C Lattice parameter a(A) 7.5438 7.5460 7.5484 7.5496
ALO; mol% 60.514 60.832 61.174 61.349
Amorphous SiO,(g/1 gsample)  0.0060 0.0097 0.0135 0.0155
1,300 °C Lattice parameter a( A ) 7.5484 7.5551 7.5602 7.5648
Al, O3 mol% 61.173 62.145 62.874 63.542
Amorphous SiO,(g/1 g sample) 0.0135 0.0243 0.0322 0.03927
1,200 °C Lattice parameter a( A ) 7.5606 7.5676 7.5699 7.5730
Al,O; mol% 62.935 63.950 64.270 64.721
Amorphous SiOy(g/1 gsample) 0.0329 0.0435 0.0468 0.0514
1,100°C ALO; mol% 63.376 64.401 64.610 65.016
Spinel  Al,0; mol% 63.850 64.853 64.968 65.311
temp
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Fig. 8. Variation of mullite composition, lattice parameters b and ¢ with
respect to calcination temperature.
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