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Abstract − In this study, spherical pre-mullite powders of three composition were prepared by partial hydrolysis on the

TEOS and mixed solvent method. From the FT-IR analysis of pre-mullite powders, the structure could be interpreted that SiO2

tetrahedron and AlO6 octahedron are bonded randomly by sharing oxygen atom. By the DTA analysis, the amount increase of

Al 2O3 composition in the pre-mullite caused the shift of first exotherm to low tempetature. As a result of XRD analysis on the

pre-mullite and leached sample calcined from 1,200oC to 1,600oC, only mullite phase was created in the range from 70.5 wt%

to 74.0 wt% alumina, which was identical with the Aksay’s range. The first exotherm at about 990oC during the calcination of
pre-mullite has been attributed to the formation of Al-O-Si spinel due to the liberation of amorphous silica. By means of the

leaching experiment on the silica which coexisted with the spinel phase and the mullitization of leached sample, the amor-

phous silica liberated at about 990oC was very essential for the mullitization. Insufficient or lack of amorphous silica can cause

the formation of α-alumina with the O-Mullite by the calcination at about 1,400oC.

Key words: Mullite, Mullitization Sol-Gel Process, Spherical Powder, Mixed Solvent, Partial Hydrolysis
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1. � �

Bowen� Greig[1]� 1924�� ���� mullite	 
�� Al2O3 · SiO2

2
��� ���� ��� �����. ��� mullite� 3Al2O3 · 2SiO2

� � !" #
$ %& '�(, 1,810oC�) �*+,(Incongruent

Melting)��& -.���. /012 3�� ���� 45��678

1950�� Bauer 9[2]3 �:+,;�� mullite <=>$ ?
�@,

mullite� �*+,� A� �B3 CDED FG���.

AramakiH Roy[3]� 1962�� mullite� 1,850oC�) ?I+,$ �(,

+,���) JK L� M
E� 2Al2O3 · SiO2 #
� mullite	 di-

sordered mullite, N, O 2>�3P& �� ���� 
�FQ7 RS

�(, Al2O3� #
3 71.8-74.3 wtTU VW	 2>� mullite &+XY

3P& ���.

AksayH Pask[4]� 1975�� silica Z� Al2O3 · SiO2� glassH α-al-

umina� �[ \] ^_$ `�� 2>� mullite� 1,828oC�) �*

+,�&, 1,753oC3�� a��) &+XY� Al2O3� #
3 70.5-74.0

wt%3(, 1,813oC�)� Al2O3� #
3 71.6-74.0 wt%P& -.��

�. 3�� ���� bD� Bowen� ���H cd�78 α-alumina

� ef�7 R� O 2>XY3 
�Eg '�. �h& SiO2-ordered

mullite� 1,880oC�) ?I+,�( &+XY� Al2O3 #
3 77.0 wt%

i7 \jEk�.�h& SiO2-disordered mullite� 1,900oC�) ?I

+,�(, &+XY� Al2O3� #
3 83.0 wt%i7 \jl�. 3H

m3 &aXY�)� O 2>�� ef� A�� AksayH Pask� α-

alumina� n M
3 goD pB3P& qr���.

Klung� Prochazka[5]� stu v�+ vw� mullite C#� ��

��	 `�� mullite� 2>� &+XY3 &a x��) Al2O3 y

�� Dzg{ '�( Al2O3� #
3 76.7-77.0 wt%� mullite� 1,890oC

�) �*+,��& ���.

Mullite |}�~� mullite�� A� 7�i7� �� =�� ���

γ-alumina, Al-Si spinelZ� mullite� 930-1,000oC a� ���) �


E� ��� ��{ '�. Percival[6]� Bullens[7]� KK FT-IR� XRF

	 3+� Kaolinite� ��� �� mullite� ��� A� ��	 `��

spinel�� γ-aluminaP& ���. KomarneriH Roy[8]� 27Al� 29Si

MASNMR$ 3+� <�(single phase)� ��(diphase) mullite�� A�

��	 �̀� 1,000oC�) ��� mullite��) 29Si MASNMR spec-

trum3 ���7 R� ��� �5 cubic�� aluminum3 �� γ-
aluminaP& �>���.

BlindleyH Nakahira[9]� Clay mineral� A� ��	 `�� kaol-

inite� mullite� �>� 'g) “�#sU ��
”3 �j � ��3

(,&+~ �� silica� ef�(, γ-alumina�� spinel�� �#� ]

��3 ef�&, � #
� Si3Al4O12P& �j���. Chakaraborty

H Ghosh[10]� mullite |}�~� mullite� �>�) 3Al2O3 · 2SiO2

� #
$ %� Al-Si spinel�3 M
Ek�& ���.

KanzakiH Tabata[11]� aluminum nitrateH TEOS	 �- � � d

+� [�¡;$ 3+�� �  !" #
� mullite |}�~	 C#

���(, [F¢ �£$ `�� 970oC�) ��� -[ �� ¤�3

��¥�(, mullite |}�~� spinel�$ ¦I7 R& §¨ mullite

=>��� |©Ek�& �&���. 

3H m3 mullite |}�~� mullite�� A�� ª-� ��� «

¬E& '78 5§� �� ­®� A�3 E& '�. Ax�� mullite

|}�~� mullite� ¯ p 930-1,000oC� a����) -[ ��$

���° E�±, 3 ��� => �� � #
� A*)� 5§� w

\� *£3 Eg '7 R�. ² ���)� |�[12]�)H m3 x�

�³�* � ´?+µ;$ 3+�� ¶ �7 #
� mullite |}�~

	 C#���(, DTA �£$ `�� � !" #
� ·�� spinel

� M
 a�� }I� X̧ � A�� &¹���(, C#l mullite |

}�~	 spinel�3 M
E� a�i7 ��� º HF +»�� ¼>

 ��� spinel� �e�� SiO2	 ½�F¾ F¿H À F¿	 100oC

ÁÂ�� 1,600oCi7 ���� FT-IR, XRD�£ � Â@�³ ·�

	 &¹���Ã mullite |}�~� Ä�~ Åw, � !" #
� �

Æ��H� ��, mullite� �>�) 990oC xÇ�) ���� -[

peak� �
, spinel�� #
 � ¼>  SiO2� mullite�� }I� X

¸ 9$ &¹���.

2. �� � �� ��

2-1. Mullite ����� �� �	

50oC�) ÈhÉ ÀU Tetraethoxysilane(Si(OC2H5)4, Merck Co., 3

� TEOS� .D), n-Octanol(CH3(CH2)6CH2OH, Yakuri Pure Chemical

Co., 99.5%) � ÊË³ ´? +»� 3a Ì©l ÊË³� 20Ä Í£

l  ](HNO3, Merck, 65%)$ Îµ� Ï��� Ì���) 50oC�

) 24FÁ 12 ��FÐ �Ñ}� ÀU Aluminum sec butoxide(Al(OCH

[CH3]3C2H5)3, Fluka, 3� ASB� .D)� ¼* �As�� �� ��

� ÒÓ TEOS� A� x� �³�* ��$ ³¬���. TEOS� x

� �³�*l +»� a�	 80oC� Ô3& ^_#Õ� �P �Ñ}

�� �- � U ASB	 Ï�� �� Ì���) 24FÁ 12 ��

FÐ Ö? �×FØ	 C#���. �h& Ö? �×FØ +»� a�

	 40 oC� �ÙF¾ º 2>�C� d+l Hydroxy propyl cellulose

(Aldrich Chemical Co., Average M. W. 100,000,3� HPC� .D)� +

*l octanol$ ^_#Õ� �P Ï�� �� 15�Á Ì��� HPC	

+»� ÚÛ�° �]FÜ�. 3 +»� ÊË³, octanol � Acetonitrile

(CH3CN, Yakuri Pure Chemical Co., 99.5%) ́? +»$ Ï��& 1�

Á ÂÝ�° Ì�� º 1FÁ 12 Þa$ c7��) ��FÐ ��

mullite |}�~	 C#���. ��3 ß¿l º à@� �� �>$ `

�� �h�& 100oC�) 24FÁ 12 Õ#���. ² ��� mullite

|}�~ C#	 �� ̂ _#Õ$ Table 1� ���k�.

2-2. 
�� Silica
 ��	

² ���)� Õ#�>$ ¦á }�~	 spinel�3 M
E� a�

i7 ��� F¿	 HF+»�� �h�� F¿� ef�� ¼>  SiO2

Table 1. Experimental conditions HPC=0.1 g/l, [HNO3]=0.667××××10−−−−3 mol/l, Total H2O=0.5 mol/l, H : T=[H 2O]/[TEOS] on partial hydrolysis, (unit=mol/ l)

Name H : T
Partial hydrolysis of TEOS ASB added Octanol+HPC Condensation

TEOS H2O Octanol ASB Octanol HPC(g/l) Octanol H2O Acetonitrile

HW1 1 : 1 0.0333 0.0333 0.5 0.1 1.3033 0.10 1.986 0.4667 7.65
HW2 2 : 1 0.0666 0.1 1.986 0.4333
A70.5 2 : 1 0.0666 0.0933 2.000 0.4333
A74.0 2 : 1 0.0666 0.1100 1.970 0.4333

Leached sample: HW2-leach, A70.5-leach, A74-leach
���� �38� �5� 2000� 10�
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	 ½�FÜ�(, ½�l SiO2� !� ��� m3 Thomsen[13]� s

>;�� >â����.

sã� !� NaF(̂ hÉ !� 2Ä 3�)� ef�� HF +» ��

) SiO2� ��� m� ���� Na2SiF6� +*l�.

SiO2+6HF=SiF6
2−+2H++2H2O

SiF6
2− + 2H++2H2O+2NaF=Na2SiF6+2H2O+2HF

3H m3 C#l +»� �a�) Na2SiF6� �*ä3 a å� NaOH�

��� L�l�. 3H m3 L�l +»� æ 200 ml� ç� �$ Ï�

� º bå� NaOH	 Ï��� ��� m� ��� ��� SiO2� M


l�.

Na2SiF6+4NaOH=6NaF+SiO2+2H2O

�P) SiO2� +*l HF+»� ef�� SiO2� !� b/4 å3& a+b

å� HF� ef�° l�.

2-2-1.s> _̂$ �̀ HF+»� +*l ̂ hÉ ! è>� d+l Fæ 

² ���)� 7Fæ�� 0.1% bromothymol blue(C27H28Br2O5S,

pH 6.0(yellow)-pH 7.6(blue), Sigma Chemical Co)H 0.1%� phenol-

phtalein(C20H14O4, pH 7.8(colorless)-10.0(red), Sigma Chemical Co.)$

d+���(, 48%� Hydrofluoric acid(Fluka)	 5%� Í£�� d

+��& NaF� SIGMAd� Cé$ d+���. s>� 1.0 N� NaOH

(Yakuri Co.)+»$ 3+���. �h& �êë s>$ ��� 3a Ì

©l ç� ÊË³ 200 ml	 O¼���. Spinel�� �~� 190#~�

ìí) d+���.

2-2-2. ̂ _î;

(1) 1 g� F¿� ef�� ¼>  SiO2� H2SiF6� ��� +*¯

³ '�ï 48wt%HF+» 1.5ml� 14.96ml� ÊË³	 ?́�� 5wt%

� HF+»$ C#���.

(2) �H m3 C#l 5 wt%� HF+» 16.46 ml� ðñ{ '� plastic

¼3ò� 2 g� NaF� 0.1% bromothymol blueH 0.1% phenolphtalein

� ´? 7Fæ 1 ml	 Ï �� º 5�Á Ì����.

(3)�� +»� F¿ 1 g$ Ï�� º Û>� ��FÁ� �óô$

p 1 N� NaOH +»�� +»� õ3 ö÷õ��xø ùõ�� ·ú

pi7 s>$ �����.

(4) 1¢ s>3 ûü +»$ 500 ml� bromosilicate ch ¼3ò�

ð& 200 ml� ç� ÊË³	 Ï��& @£ Ì�D� Ì���)

1 N� NaOH� 2¢ s>$ ���. F¿xø ½�l SiO2� !� 2

¢ s>� d+l 1 N� NaOH +» 1 mlã 0.015 g3�.

2-3. �� �� �	

´?+µ;�� C#l mullite |}�~� [�* � �·� �
$

&¹�D ��� TG-DTA(DuPont 2000 Differential Thermal Analy-

sis, ýa �� 5 oC/min, ��D=Air) ^_$ ���. �� �>$ `

�� �
l =>�$ &¹�D ��� #
� a� ·�� A� Xu

þÿ �£(XRD, Rigaku, Scanning speed 1o/min, Target=Cukα, Power

=30 kV, 20mA, 14�2θ�70)$ ���(, Standard diffraction data� joint

committee on powder diffraction standard cards�xø �ô�(, Mullite

� lattice parameter� M.K.MURTHY;[14]� ��� ����. Mullite

}�~� =? ��H �� a� ·�� �� }�~ �� =? ��

� ·�	 &¹�D ��� K a��) [�h� }�~ F¿	 KBr

pellet;�� À�� F�$ 8�g FT-IR(MIDAC GRAMS/386) ��D

	 d+�� 400-4,000 cm−1� �³� ���) �£���(, [�h

l F¿H KBr� ¡°¼� 1 : 200� &>���.

3. �� � � 

3-1. DTA ����

Fig. 1� #
3 )� �� A74, HW2 � A70.5F¿� A� DTA

�£ =��) �Ñ}�� ��� Ô$³ï B�[15-17]�)H m3 	


� a��)(A74=974.78oC, HW2=988.17oC A70.5=1006.03oC)

1¢ -[ peak� ���$ � ³ '� .�h& HW2F¿� VW

1247.10oC�) 2¢ -[ peak� ��¥�.

3-2. 
�� SiO2� �� �� �� 

Fig. 2� A70.5H HW2 � A74 9 ¶ �7 F¿	 1¢ -[ peak�

���� a�i7 ��� º 1 g� F¿	 Û>â� 5 wt% HF+»

� �& Ì���) spinel�� �e�� ¼>  SiO2	 ½�F
 p

½� �� FÁ� A� ½�â$ ���& '�.

Fig. 2� ��� HF+»�� ��� ��� ½�E� ¼> � SiO2

� !� �� bD� rÂ� Ê���� �� FÁ3 30� >� V�

��) ¦� Û>*�$ � ³ '�.

Fig. 1. DTA analysis of A74, HW2, and A70.5 particles.
(heating rate=5oC/min)

Fig. 2. Amount of leached silica by leaching experimental with HF.
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000
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Table 2� À F¿� #
,K #Õ�) M
l F¿	 1¢ -[ peak

� ���� a�i7 ��� º 5 wt%� HF +»�� �h� ��

FÁ, �h& ½�l SiO2� ! � ¼>  SiO2� ½�l º� F¿

� #
$ ���k�(, K #Õ�)� �� FÁ� ½��> º�

|~ #
3 mullite� �>� }I� X¸$ &¹�D ��� Aksay

� Aramaki� �Æ��	 DO�� 2>� XY� O 2>� XY�


�E�ï A70.5F¿� VW 8�, HW2F¿� VW 10�, �h&

A74� VW 20��� u����.

Table 2� ��� ¶ �7 À F¿� �  #
� AksayH Pask��

2>� mullite	 C#�D �� &+ XY� 
�Eg '��, A70.5

F¿� AramakiH Roy� CF� ���� mulliteH SiO2� �e��

XY� 
�Eg '�$ � ³ '�. ½� ^_$ ¦á A70.5-leach

F¿� VW �� qr� � �7 ����) �� 2>� &+XY�


�E(, HW2-leachH A74-leach F¿� VW � �7� ����)

�� O 2>� XY(Aramaki� ����)� aluminaH mullite� �e

�& Aksay� ����)� mullite8 ef�)� 
��$ � ³ '�. 

3-3. ���� � ����� �� ��  !" DTA �� ��

Fig. 3� HW2 F¿ C# #Õ�) TEOS	 Ï��7 R& ASB8

$ Ï��� C#l aluminaH 1¢ -[ ��3 Ûg�� a�i7 �

�� º HF +»�� �h� F¿� A� DTA�£ =��) alumina

� VW 845oC xÇ�) ��� -[ peak� ��¥�± 3�� γ-

alumina� δ-alumina�� �|3� DU� =�3�.�h& HW2(Al2O3

=71.83 wt%)F¿	 1¢ -[ ��3 Ûg�� a�i7 ��� º 5

wt%� HF +»�� 10�Á ½��>$ `�� Al2O3� #
3 74.68

wt%� l HW2-leach F¿� VW 920oC xÇ�) �[ peak� �

�¥�± �� ��@�� =�H m3 pore �� ef�� Hydroxy

D� ch� �� ¤�3P& d¿l�. Brown 9[18]� kaolinite�

mullite� �>� A� ��	 `�� 970oC xÇ�) -OHD� ch

� �� �[ peak� ��¥�& -.���(, Chakraborty[19]� Sol-

Gel;�� C#l monophasic gel� A� ��	 `�� cd� ¤�

$ -����. �h& Fig. 1� 3� ��� HW2-leach F¿� VW

HW2 F¿�� æ 10oC >�� &a�) 2¢ -[ peak� ��¥�.

�h& A70.5-leachH A74-leach F¿� VW 1,400oCi7� ���

�*) g�� peak� ���7 RS�

3-4. XRD �� ��

Fig. 4� ^hÉ ÀU TEOSH �Ñ}� ÀU ASB� ��	 ·�F

Ð C#l F¿H K #Õ�) M
l F¿	 1¢ -[ ��3 Ûg

�� a�i7 �[� º ½� ^_� =�� �P spinel�� �e�

& '� ¼>  SiO2	 ½�F¾ º 1,200oCi7 ��F¾ F¿� XRD

�£ =�3�. Fig. 4� ��� Al2O3� !3 �$³ï =>�� 
&,

Z� SiO2	 ½�F¾ F¿� VW �� spinel�3 �|� ef�(,

À F¿� ¼�� =>�� 
° ���& '�. Û�s�� mullite

|}�~� �� �>$ ¦I�) spinel� � T-Mullite � O-Mullite

� Si �@H Al �@� =?� ·�� ��� �|3� 3Ñg7�±,

�H m� ¤�� spinel�� �e�� ¼>  SiO2� ½� �>� �

�� C¦E� �|3� ��� SiO2� x��° Eg � |3� �°

Ûgü ��� d¿l�. Fig. 5� ASB� ��	 ·�F¾ F¿H ½

� �>$ ¦á F¿	 1,600oCi7 ��F¾ }�~� A� XRD �

Table 2. Chemical composition of raw material and leached sample

A70.5 HW2 A74

Chemical composition (Al2O3 wt%) of 
raw material

70.5 71.83 74

Reaction time 8 min 10 min 20 min
Weight of leached SiO2 0.0365 g 0.0315 g 0.0269 g
Chemical composition(Al2O3 wt%) of

leached sample
73.19 74.68 76.05

Fig. 3. DTA trace of the pure alumina and leached Al2O3-SiO2 parti-
cles.
(heating rate=5oC/min)

Fig. 4. X-ray diffraction patterns of raw and leached sample calcined at
1�200 oC.
���� �38� �5� 2000� 10�



Mullite� �� ��� ����� 665
£ =�3�. Fig. 5� (a)� ��� A74F¿� VW 1,400oCxø

1,600oCi7 �� a�	 Ê�FÐ� mullite 3t� �� �3 ��

�7 RS�� ½��>$ ¦á A74-leach F¿� VW�� 1,400oC

�) C2��� α, θ, δ-�Ñ}�� �
ED FG�� 1,600oCi7�

��� ��� α, θ, δ-�Ñ}� �3 �	 -|Ek�$ � ³ '�

(, Z� Fig. 5� (b)� ��� HW2-leach F¿� VW 1,600oC�)

� ��� ��� mullite 3t� C2��� α-�Ñ}� �3 �
E

k�$ � ³ '�. �P) Al2O3� #
3 74-83 wt%� ���) �Ñ

}� �3 ef�7 R��� AksayH Pask� ��� ��� Al2O3

� #
3 74.3 wt% 3��) mulliteH �� �Ñ}� �3 �e��

� AramakyH Roy� ���� �	 ��ú ³ '�& d¿l�. Fig.

5� (b)� ��� A70.5H HW2 F¿� VW�� 1,600oC�) ��

�	P� mullite 3t� =>�3 ���7 RS�. �h& A70.5

	 1,200oCH 1,600oC�) ��� Fig. 4H 5� (b)� ��� 1,200oC

�) ��� VW α-cristobalite� � peak� *ã�� 2θ=21.93(I/Io=

100)�)� peak[20]H 1,600oC�) ��� VW 2>� β-cristobalite

� �
� DU� 2θ=23.90(I/Io=70)�)� peak�[21] ���7 RS

�(̂ hÉ� VW 1,470oC3��)� α-cristobalite3& 1,470oC 3�

�)� β-cristobalite� �
�).�P) Al2O3� #
3 71.8 wt% 3�

�) mulliteH SiO2� �e��� Aramaki� ��� ��� 2>�

mullite� M
̄ ³ '� Al2O3� �� #
 ��� 70.5wt%P� Aksay

� ���� �	 ��ú ³ '�& d¿l�. �H m� =�	 ß?

*�� 2>� mullite� M
¯ ³ '� #
 ��� Aksay� ���

�)H m3 70.5-74 wt%3(, 74.3 wt% 3��)� Aramaki� CF�

����)H m3 mulliteH �� �Ñ}� �3 �e�$ � ³ '�.

Klug� Prochazka[22]� �  ¤}V� ��£� XRD�£� ��

� (113)α-alumina peak� �s� mullite� (201), (121), (211) � (230)

peak �s� ?� ¼� ��� C2��� ef�� alumina� !$

è>ú ³ '� ��� m� �>�$ CF���.

(1)

Fig. 6� C2��� ef�� �Ñ}�� !$ è>�D ��� ½�

�>$ ¦á A74-leach F¿	 1,400oC, 1,500oC � 1,600oC�) �

�F¾ F¿� XRD �£=�3�. XRD �£ =�H � (1)� ���

A74-leachF¿	 1,400oC, 1,500oC, 1,600oC�) ��FQ� KK

5.27, 6.27, 10 wt%� �Ñ}�� C2��� M
Ek�(, �Ñ}��

!$ Ct� K a��)� mullite #
� KK 61.78, 62.99, 63.48

mole%(Al2O3)� l�.

Table 3� KK� a��) ��� F¿� Â@ �³ aH mullite�

�  #
 � mulliteH �e�& '� ¼>  SiO2� !$ ���k

�. F¿� Â@ �³� |��)H m3 MurthyH Hummel[14]� î

;� ��� �ô�(, � !" #
� Ban� Okada[23]� Â@ �

³H Al2O3� #
�� �����xø ����. �h& T-mulliteH

spinel�� #
� |��)H m3 OkadaH Otsuka[15]� ^_=��

α alumina area 113( )–
mullite areas 201( )+ 121( )+ 211( )+ 230( )[ ]
-------------------------------------------------------------------------------------------------------

=
3
2
--- Weight % of Alumina[ ]

Fig. 5. (a) X-ray diffraction patterns of A74 and A74-leach sample cal-
cined at 1,400oC and 1,600oC. (b) X-ray diffraction patterns of
A70.5, A70.5-leach, HW2, HW2-leach calcined at 1,600oC.

Fig. 6. X-ray diffraction patterns of A74-leach calcined at various tem-
perature.
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����� �
�������������
��xø �ô�. Table 3� ��� À F¿� alumina� !3 Ê�ú

³ï Â@ �³ a�  � Ê����. �h& ½��>$ ¦á HW2-

leach F¿	 1,600oCi7 ���� M
l mullite �~H A74-leach

F¿	 1,400oC3��) ��� mullite �~� VW ½� �> º�

bulk composition(HW2-leach=62.13 mol%, A74-leach=65.13 mol%)��

Al2O3� !3 s° ��¥�(, 1,400oC 3��) ��� A74-leach

F¿� Â@ �³ a� A74 F¿ �� G° ��¥�. 3H m� ¤�

� Fig. 5(a)� XRD �£�) ! ³ '"3 C2��� α-alumina 93

M
EkD pB3&, ½��>$ ¦á A74-leach F¿� VW Table 3

� =�H Klug� î;�[22] ��� C2��� ef�� �Ñ}��

!$ Ct� F¿� #
� ¦� ÛI�$ � ³ '�. �h& Table 3

� ��� spinel�� Al2O3� #
� 63.675-66.05 mol%$ � ³ '�.

3-5. FT-IR �� ��

Fig. 7� HW1 #Õ�) C#l ¼>  mullite |}�~H 992oC

(spinel� M
)�) ��� �~H 3�� ¼Ì�D ��� �#h #

Õ�) TEOS� �³�* � $?L? ��([TEOS]=0.5(mol/l), [NH3]=

2.0(mol/l), [H2O]/[TEOS]=8, Temp.=25oC], solvent=ethanol)� ���

C#l ^hÉ à@H ASB� �³�*H $?L? ��� ��� C

#l Boehmite-%$ 700oC�) ���� C#l γ-alumina� A� FT-

IR spectra	 ���k�. Fig. 7� ��� ¼>  ^hÉ� VW 4Ä�

~� Si-O-Si =?� &' «1� �� 800 cm−1� 474 cm−1 ��³�

)� �³AH Si-OH =?� �$ «1� �� 951 cm−1�)� �³

AH Si-O-Si =?� �$ «1� �� 1,101 cm−1 ��³�)� �³

A 9 |�sU ¼>  ^hÉ� �³A� ���$ � ³ '�[24].

¼>  mullite |}�~� VW 500-700 cm−1� ��³ ��� �³

AH 860 cm−1� 1,013 cm−1� ��³�)� �³A� ��¥�. Farmer

[25]� γ-Al2O3� 6Ä�~� �� Alvi-O �³A� 390-630 cm−1 ��

³ ��P& -.���(, Tarte[26]� 4Ä�~ � 6Ä�~� ��

Al-O�³A� KK 620-920 cm−1H 390-670 cm−1P& -.���. �

P) ¼>  mullite |}�~� 500-700 cm−1��³ ���) ���

� �³A� 6Ä�~� ef�� alumina� Alvi-O =?� ��� �

��� ��� d¿l�. �h& mullite |}�~�)� Si-O-Si =?

� &' «1� Si-OH =?� �$ «1� �� 800 cm−1� 474 cm−1

� 951 cm−1�)� �³A� ���7 RS�(, Si-O-Si =?� �$

«1� �� 1,101 cm−1 ��³�)� �³A� 1,013 cm−1� (��³

y�� 31Ek�. Û�s�� �@� «1�� |D )*@(electric

dipole)	 �7& '�� � �@� IR |@D�� «1�� |@j

(electric field)� �+ G+�� |@j��xø �,7	 �³ú ³

'�. 3p ^C� �³� Ûg��� �@ )*@� «1³H |@j

� «1³� m5- �(, «1� �� )*@ �./(dipole moment)

Table 3. Lattice parameter, Al2O3 mol% and amorphous SiO2 of the various samples calcined at different temperature

A70.5 A70.5-leach HW2 HW2-leach A74 A74-leach

1,600oC Lattice parameter a(nm) 7.5307 7.5523 7.5430 7.5477 7.5598 7.5529
Al2O3 mol% 58.623 61.735 60.402 61.070 62.812 61.820
Amorphous SiO2(g/1 g sample) 0.0023 0.0017 0.00471 0.0021 0.0023 0.0003

1,500oC Lattice parameter a(nm) 7.5328 7.5576 7.5443 7.5642 7.5632 7.5618
Al2O3 mol% 58.921 62.499 60.594 63.456 63.307 63.110
Amorphous SiO2(g/1 g sample) 0.0059 0.0097 0.0069 0.0069 0.0077 0.0011

1,400oC Lattice parameter a(nm) 7.5354 7.5640 7.5460 7.5700 7.5661 7.5653
Al2O3 mol% 59.304 63.429 60.832 64.297 63.723 63.620
Amorphous SiO2(g/1 g sample) 0.0104 0.0194 0.0097 0.0156 0.0122 0.0014

1,300oC Lattice parameter a(nm) 7.5404 7.5668 7.5551 7.5722 7.5702 7.5799
Al2O3 mol% 60.025 63.833 62.145 64.612 64.315 65.724
Amorphous SiO2(g/1 g sample) 0.0199 0.0236 0.0243 0.0188 0.0185 0.0057

1,200oC Lattice parameter a(nm) 7.5578 7.5688 7.5676 7.5734 7.5767 7.5814
Al2O3 mol% 62.530 64.112 63.950 64.782 65.264 65.929
Amorphous SiO2(g/1 g sample) 0.0391 0.0264 0.0435 0.0205 0.0283 0.0082

1,100oC Al2O3 mol% 63.156 64.182 64.401 64.825 65.501 65.980
Spinel temp. Al2O3 mol% 63.675 64.252 64.853 64.867 65.748 66.050

Fig. 7. Infrared spectra of various sample.
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Mullite� �� ��� ����� 667
� ·�� 'g- ��. I©D� �� |@ �
� ·�� «1³	

=>�� L�� U@ L� ���Ã c� 0�(inductive effect)H �

w 0�(resonance effect)� �1g MK* ! ³ '�. �w 0��

&� A�3 3L =?$ %& 'g- �2� mullite��� X¸$

}I7 3��. c� 0�� &� A�U �4D� 5g '� I©D

� |D �
�� G$³ï �$ «1³� 6��$ �}��. �P)

¼>  4Ä�~ ^hÉ� Si-O-Si� �$ «1� �� 1,101 cm−1 �

�³� �³A� ¼>  mullite |}�~�)� 1,013 cm−1 ��³�

31l �� ¼>  ^hÉ� Si-O-Si =?� ef�� Si A�� |

D�
�� 
� 6Ä�~� ef�� alumina À@� I©Eg �ãâ

� Si-O-Alvi ��� =?$ %& 'D pB3P& d¿E(, 3H m

� 3"� ��� mullite |}�~� 860 cm−1 � 720 cm−1 xÇ�

)� �³A� KK ¼>  ^hÉ� Si-OH =?� �$ «1� ��

980 cm−1�)� �³AH Si-O-Si =?� &' «1� �� 800 cm−1

��³�)� �³A� H � Si A�� |D�
�� 
� 6Ä�~�

AlÀ@� I©l Si-O-Alvi =?� ��� 31l =�P& d¿l�.

(Pauling;� ��� Al, Si, HÀ@� |D�
�� KK 1.61, 1.90, 2.20

3�)[27]. Spinel�3 M
E� 992oC�) ��� �~� VW 450-

900 cm−1� ��³ ��� �³A� ef�$ � ³ '&, γ-alumina

�~� VW |�sU γ-alumina� �
$ ���� 27� peak(880

� 580 cm−1)� ��¥�. Fig. 8� A70.5 F¿H ½� �>$ ¦á

A70.5-leach F¿	 1,200oC 3��) ��� VW� FT-IR=��)

1Û� a��) A70.5-leach F¿	 ��� VW� A70.5 F¿� ¼

�� Iratio 3 8&(Iratio=I(1,130 cm−1)/I(1,170 cm−1), Cameron[28]�

Okada 9[29]� mullite� �  #
� 'g) [Al 2O3]/[SiO2]�  3

9³ï Iratio�  � 8�& ���), 1,200oC�) ��� VW

mullite� SiO4� =?� �� 927 cm−1 � 901 cm−1 ��³�)�

�³A� G° ��¥�. 3H m� =�� ½� �>$ `�� spinel

�� �e�& ': ¼>  SiO2� C¦E� � |3� ��� SiO2

� x��D pB� 1Û� a��) ���	P� => �x� Al2O3

� ¡°¼� Ê��° E� �3&, Table 3� XRD�£ =�H 1Û

� =�3�.

 

4. � �

² ���)� TEOS� x��³�* � ´?+µ;$ 3+�� )

� �� ¶ �7 #
� mullite |}�~H HF +»�� ½� �>

$ ¦á F¿� A� DTA �£� �� �>º� XRD, FT-IR �

Â@ �³ è> 9$ ̀ �� ��� m� ="$ ;k�.

(1) ÀF¿� A� DTA�£� ��� A74(Al2O3=74.0 wt%), HW2

(Al2O3=71.83 wt%) � A70.5(Al2O3=70.5 wt%) F¿� KK 974.78oC,

988.17oC � 1006.03oC 9 ÀF¿� �Ñ}� !3 Ê�ú³ï (a

�) 1¢ -[ peak� ��¥�$ � ³ '�.

(2)À F¿H ½��>$ ¦á F¿(A70.5-leach: Al2O3=73.195 wt%,

HW2-leach: Al2O3=74.68 wt%, A74-leach: Al2O3=76.05 wt%)� A�

1,600oCi7� �� �> º� XRD �£� ��� 2>� mullite�

M
¯ ³ '� F¿� Al2O3� #
� Aramaki� CF� ��(71.8

�Al2O3 wt%�74.3) ��� Aksay 93 CF� 70.5�Al2O3 wt%�

74� ��� � 	 ��ú ³ '�$ � ³ '�. �í� HW2-leach

F¿	 1,600oC�) ��� F¿H A74-leach F¿	 1,400oC 3��

) ��� F¿� VW mullite 3t� C2��� α-alumins 93 M


l ��� �5 O2>� ��78 Al2O3� #
3 83 wt% i7�

mullite�8 ��ü�� Aksay� ��� ��� 74.3 wt% 3�� #


�)� mulliteH alumina� �e��� Aramaki� =�� >\��&

d¿l�.

(3) :D
 #Õ�) TEOS� �³�* � $?L? ��� �*)

C#l ¼>  SiO2 �~H mullite |}�~� FT-IR �£ =�H

3"� ��� mullite |}�~� KK 4Ä�~H 6Ä�~� ef��

Si+4À@H Al+3À@� ]�	 L<�� Siiv-O-Alvi=?$ �
�& '

�$ � ³ '�.

(4) �Ñ}� �~	 700oC�) ���� M
l γ-aluminaH spinel

�� FT-IR�£ =�� ��� γ-alumina� VW |�sU �
$ �

��� 27� peak(880 � 580 cm−1)� ��¥�( spinel�� =�H

¢3� '�$ � ³ '�. �h& DTA �£ =��) � ³ '"3

γ-alumina� Û�sU �=>3/� =>� ¦1�)H m3 845oC

xÇ�) -[ peak� ����) δ-alumina� |©Ek�� ¶ �7

#
� mullite |}�~� VW 990oC xÇ�) -[ peak� ���

�) spinel�3 M
Ek�. 3H m� =�H mullite |}�~� 3

} �ã� !� Siiv-O-Alvi=?3 ef��� ² �� =� � Table 3

� ��? spinel�� #
 =�(63.68�Al2O3 mol%�66.05)� ���

3:2#
� mullite|}�~� mullite� �>$ `�� 990oC xÇ

� ��� ��� γ-alumina� mullite� M
E� �3 5@P Al-O-Si

=?$ %� Al-Si spinel�� M
� ¼>  SiO2� ch ¤�3 Û

g�$ � ³ '�.

(5) DTA �£ =�� ��� HW2 F¿� VW 2¢ -[ peak�

1247.10oC�) ��¥�� HW2-leachF¿� VW HW2 F¿�� æ

10oC >� &aU 1257.95oC�) ��¥�. �h& XRD �£� �

�� ½��>$ ¦á F¿� VW �� 1,200oC�) ����� �|

� spinel�3 ef�& =>�� 
�$ � ³ '�. FT-IR �£�)

Fig. 8. Infrared spectra of A70.5 and A70.5-leach sample calcined at in-
dicated temperature.
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ety,

,

� � ³ '"3 ½� �>$ ¦á F¿� Iratio 3 8°(mullite =>

� Al2O3� #
3 
�) ��¥�. �P) 990oC xÇ� -[���

��� spinel�� M
� �� chl ¼>  SiO2� mullite�� �

� X¸$ }I& '�$ � ³ '�.
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