
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000, pp. 669-675
(Journal of the Korean Institute of Chemical Engineers)
�-��� �� �� mullite 	
��� 
� � mullite� ����� ��
III. Spinel�� ��� �� � �	
 �	� 
� ��

 ���†�������	� 
���
��*����**����***

  ����� ����� 
 *�	��� 
������

 **
������ ���� �����
***����� �����

(2000� 3� 27� ��, 2000� 7� 10� ��)

Synthesis of Spherical Pre-mullite Particles by Sol-Gel Method
 and Mullitization Mechanism of Pre-mullite

III. Crystal Structure and Composition of Spinel Phase and Mullitization Mechanism

Un-Yeon Hwang†, Jung-Woon Lee, Jin-Hoon Choi, Hyung-Sang Park, Seung-Joon Yoo*�

Ho-sung Yoon** and Yong-Ryul Kim***

Department of Chemical Engineering, Sogang University
*Faculty of Environmental and Chemical Engineering, Seonam University

**Division of Mineral Utilization and Materials, Korea Institute of Geology, Mining & Materials
***Department of Chemical Engineering, Daejin University 

(Received 27 March 2000; accepted 10 July 2000)

� �

� ��� ����	 
��
 ���� �� ��� ��, spinel �� ��� ��, ���� ����� ����	


�� ��  !"�#$. Mullite ����� 4%&�� SiO4' 6%&�� AlO6( )*�! +,- . / +0$. 12

3�� ��4 2Al2O35SiO2� 678- . / +0!, 49� Si4+ �:� 49� Al3+ �:� 89� ;<= 4%&� >?

@ AB�! +CD, 169� ;<= 6%&� >? E 12>?@ Al3+ �:� AB�! +! �FB 49� 6%&� >?�

G�: )H )>ICJ KL=$. M�
 123�� �: �N� O4Al�12[Al 4Si4]
�O32�D, O� 6%&� >?E P Q

>I- ��R$. 123�- ST UV� 1,100oC W6�
 T-MulliteJ ���( XYZCD, [\�  �]:^@ _(

U`a 1,250oC W6�
 O-Mullite( b�c0!, &' d4 mullite	 
��� Al3+ �:� %&� e	' f�g SiO2

� hi� �= )�� �� e	( 3Al2O352SiO2 mullite( b�j klB [\ XYm- . / +0$.

Abstract − This study is to clarify the existing outstanding problems concerning (i) the nature of the exothermic reaction, (ii)

the structure and composition of the spinel phase, and (iii) the mechanism of mullite formation. The structure of pre-mullite

particles could be interpreted to be one where SiO4 tetrahedron and AlO6 octahedron are bonded at random by sharing oxygen

atom. The composition of the spinel phase was most likely 2Al2O35SiO2, and it is regarded that 4 Si4+ and 4 Al3+ occupy the

available 8 tetrahedral sites and 12 Al3+ occupy the available 16 octahedral sites leaving 4 octahedral sites being left vacancy.

On this basis, the composition of the unit cell of spinel is �4Al vi
12[Al 4Si4]

ivO32, where �  represents a vacancy in the octaheral
coordination state. The sample passed through the spinel phase was transformed into the T-Mullite at around 1,100oC and

transformation of T-Mullite to O-Mullite could take place about 1,250oC. In the mullititation process as mentioned above, change of

coordination number of Al3+ ion and diffusion of SiO2 into the crystal cccured continuously with increasing calcination tem-

perature until the 3 : 2 mullite is formed.

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

���, Al2O35SiO2� ���� 	
�, �
�, ��� ��� ��

mullite� ���� �� �� ��� �   !"� #$ %&'(-	

)*�+ ,�� -. .
+ /0 �1 2 345 �� ��6 78

"$ �. 89 :
 ;<6 #=>+ ?@1 AB6  C D� EF

,��+ mullite/ 89 �G6 H�I �� FJK LM"= N-.

OPQO+ FJ$ ���(2Al2(OH)4[Si2O5])+ mullite/ 89 :
R

S�"= #TU, ���� 550oCQO KG�VW A X1"$ Y��

�(2Al2Si2O7)+ 1�, Y���+ Z[\] 2 mullite�+ ^_, ��

� Z[\]R mullite+ �1 2 .
 ]`+ ]S S�K �@ ab

+ H]  "= NTU,  C D� ab� ���+ mullite/ :
c

d ef4 gh�� 2 mullite '̂;�+ �� :
 -i jk Al2O35

SiO2�6>l m=n-.

ChakrabortyC Gosh[1]$ ���6 H� DTA;�W o�I 550oC

pq6> rG 89  m=st> Y��� .
  u1"�, 950oCp

q6> hG 89  m=st> 3Al2O352SiO2+ �1W v$ Al-O-Si

Z[\]  X1"U, w� 1,250oC pq6> x� 2y hG 89 

szn-� h{�V-.

BlindleyC Nakahira[2]$ |�}�6 H� FJ� o�I ���+

mullite/ :
6 #=> J�~� F�1  K� � �� U, �!�

�6 ���K ���U, γ-%&'s u+ Z[\]6 ��� )� �

  ����, /0 �1� Si3Al4O124� ���V-. PercivalR Duncan

[3], Leonard[4]C Bullens �[5]� IR, XRF�  !� ���+ mullite

/ :
6 H� FJ� o�I Al-O-Si Z[\ ]� u1"O �� γ-
%&'s Z[\]  u1"�-� ���V-. KomarneriC Roy[6]$
27AlR 29Si MASNMRW  !� � ] 2 � ] mullite �6 H�

FJ� o�I 1,000oC6> ��� mullite �6> 29Si MASNMR Z

���  szsO �� �T� �e Z[\]� γ-%&'s4� �


�V-.

MazdiyasniC Brown[7]� ��%���+ K7;��W  !�I �

�� �
� mullite ;�6 H� DTA ;� .R 1,200oC  �+  

l6>$ hG 89  szsO �¡-� ���V-.

KanzakiC Tabata[8]$ aluminium nitrateC TEOS� gh ��� ¢

!�I G;,�T� ��� mullite ^';�6 H� G�y ;�W

o�I 970oC6> hG 89  m=£TU, mullite ^';�$ Z[

\]W ¤¥O �� ¦§ mullite .
  X1"�-� ���V-.

Hoffman �[9]� Al2O35SiO2�+ � ] 2 � ] ���6 H�

FJ� o�I ¨¨ 960oCC 1,200oC6> ©¦ �s+ hG 89 ª

]  sz£-� �V-.  C D  mullite ^';�+ .
/:
�

�«�� AB6 �¬ Burham[10]6 +� ��� j­  m8~T�

®e¯IO� #Ts e¦l �� FJ+ H]  "� #-.

� FJ6>$ ^�[11]6>C D  p;K7;� 2 °�!±�W

 !�I mullite ̂ ';�� ���VTU, mullite ̂ ';�C Z[\

]  X1"$  lQO ��� ² 5 wt%+ HF !³ ´�� �µ6

H� FT-IR, XRD ;� �W o�I Z[\]+ �1 2 J�C �


� mullite ̂ ';�+ .
/ :
6 H�I �¶�V-.

2. ����

50oC6> ·�� �̧ Tetraethoxysilane(Si(OC2H5)4, Merck Co.,  �

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

99.5%) 2 ¹º7 °� !³6    »_� ¹º7� 20¼ ½�� �

)(HNO3, Merck, 65%)W ¾±� ¿K�� »8�t> 50oC6> 24�

À �Á 89�Â %&'s �̧ Aluminum sec butoxide(Al(OCH[CH3]3
C2H5)3, Fluka)6 �� ]H~T� 89 �lK ÃÄ TEOS6 H� p

; K7;� 89W 7M�V-. TEOSK p; K7;�� !³+  

l� 80oC� Å � ·Æ�Ç6 È4 %&'s+ gh ��� ASB

� ¿K� -É »8�t> 24�À �Á 89�Â �� %���� �

��V-. ��� �� %��� !³+  l� 40oC� �Ê�Ë ²

Á
/�� ¢!� Hydroxy propyl cellulose(Aldrich Chemical Co., Average

M.W. 100,000)K !�� octanolW ·Æ�Ç6 È4 ¿K� -É 15;

À »8�I HPC� !³6 Ìm�Í ;)�Î-. !³6 ¹º7,

octanol2 Acetonitrile(CH3CN, Yakuri Pure Chemical Co., 99.5%)°

� !³W ¿K�� 1;À ÏÐ�Í »8� ² 1�À �Á Ñ W Ò

O�t> 89�Â Ju mullite ̂ ';�� ���V-. 89  Óµ�

² ÔÕ$ IR :
W o�I ;��� 100oC6> 24�À �Á Ç

��V-. � FJ+ ·Æ�ÇW Table 16 sz��-.

� FJ6>$ mullite ̂ ';�+ �� :
6 #=> ';� �6

���$ �
� SiO2K .
/ :
6 '¥$ Ö×W �¶�� ��

I  ^ FJ6>C D [12] HW2 �µ� 1y hG 89  m=s$

 lQO ��� ² 5 wt%+ HF !³T� 10;À 89�Ë �µ�

-� ���I FT-IR ;�W 7M�V-.

3. �� � ��

3-1. XRD �� ��

Fig. 1� [H2O]/[TEOS]=1� p; K7;� �Ç6> ��� mullite

^';�� 900-1,600oCQO 5 oC/min+ �l� KG� ² �Ø�Ë

�µ+ XRD ;� .R -. Fig. 16 +�t 950oC  �+  l6>

$ �
�]d ���s, 992oC6> Z[\][13] sz£TU, 1,000oC

6>$ tetragonal mullite( � T-Mullite� {�)C Z[\]  :�Ù

W % 7 #-. 1,100oCQO ��  l� ¹K�Út Z[\]  ¢4

O� T-mullite]d ���U, 1,200oCQO ��  l� ¹K�Út

(120)tR (210)t+ ;�C ÙÛ (250)tR (520)t+ ;�K[13, 14]

�Ü"� #$ �T� �e orthorhombic mullite( � O-Mullite� {

�)K X1� �W % 7 #-. ��� 1,600oCQO ��  l� Å 

t ÝÞ .
  hß� O-Mullite]  sz£TU, mullite  à+ .


]� szsO �¡-.

3-2. FT-IR �� ��

Bá6 ��� mullite ';�6 H� FT-IR r7H� Table 26 s

z��-. Fig. 26 HW1 �Ç6> ��� �
� mullite ^';�C

500-992oC(spinel] X1)6> ��� ;�+ FT-IR ;�.R� sz

��TU,  ̄ R �»�� ��I Stöber â�([TEOS]=0.5(mol/l), [NH3]

Table 1. Experimental conditions
HPC=0.1 g/l, [HNO3]=0.667n10−3 mol/l, Total H2O=0.5 mol/l, H : T=[H2O]/[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
HW2

1 : 1
2 : 1

0.0333 0.0333
0.0666

0.5 0.1
0.1

1.3033 0.10 1.986
1.986

0.4667
0.4333

7.65

Leached sample: HW2-leach.
���� �38� �5� 2000� 10�



Spinel�� ��� �� 671
=2.0(mol/l), [H2O]/[TEOS]=8, Temp.=25oC, Solvent=ethanol)[17]T�

��� ·�� ';�C ASB+ K7;�C ã�?� 896 +�I

��� ² 100oC6> 24�À Ç�� �µC 500, 700 2 1,000oC6>

��� ä7� %&'s6 H� FT-IR ;� .R� Fig. 36 sz��

-. Fig. 26 +�t �
� mullite ^';�+ åæ 550-700 cm−1 �

ç7 è�+ r7HK sz£TU ��  lK ¹KÙ6 È4 700-

900 cm−1 �ç7 è�6>+ r7HK ¹K�V�, Z[\]  X1�

992oC6> ��� ;�+ åæ 500-900 cm−1+ é� è�+ r7HK

sz£-. Fig. 36 +�t 100oC6> Ç�� %&'s+ åæ 744,

625, 492 cm−1 �ç76>+ r7HK S¶� �T� �e 6¼��+

Alvid ���$ Boehmite;�K ��"�ÉW % 7 #-.��� Boe-

hmite;�+ Al-OH .�+ êë L�6 +� szs$ 1,163 cm−1 2

1,092 cm−1+ r7H$ 500oC  ]6> ��� �µ6>$ ¢4ìTU,

500 2 700oC6> ��� �µ+ åæ 550-900 cm−16>+ é� r7

HK szn �T� �e .
]� γ-%&'s U, 1,000oC6> ��

� �µ+ åæ δ-%&'sK X1"�ÉW % 7 #-. Fig. 2+ Z

[\]+ r7HC Fig. 3+ δ-alumina+ r7H$ ¤+ Ò¢ÙW %

7 #-. Farmer[18]$ γ-%&'s+ 6¼��6 +� Alvi-O r7H$

390-630 cm−1 U, Tarte[19]$ 4¼�� 2 6¼��6 +� Al-O .�

6 +� r7H$ ¨¨ 620-920 cm−1C 390-670 cm−14� h{�V-.

Yamaguchi[20]$ δ-%&'s+ åæ 4¼��C 6¼��K :��� #

-� h{�V-. È4> �
� mullite ̂ ';�+ 550-700 cm−16>

szs$ r7H$ Alvi-O .�6 +� � U, ��  lK ¹KÙ6

È4 szs$ 700-900 cm−1 �ç76>+ r7H$ 6¼��� ���

� #í Al+ mpK 4¼��� ^ �I X1� Al iv-O .�6 +�

� 4� ¢µ�-. È4> 992oC6> X1� Z[\ ]6$ 4¼��

C 6¼��+ Al ¸ÕK :��� #-� ¢µ�-. Bá6 +�t[21-

23]���,Y��� 2 mullite+ åæ ¨¨ 540, 554, 567 cm−1+ �

ç76> Alvi-O.�6 +� r7HK ���-. Fig. 2+ �
� mullite

^';�+ 550 cm−1 �ç7 pq+ r7HK 500oC6> ��� �µ

6>$ ]îï ð��V$ñ,  �l �� :
 ò�6 6¼� Al ¸Õ

K 4¼��� ^_"�ÉW szó-. ��� Fig. 3+ �
� ·��+

Si-O-Si .�+ êë L�6 +� 800 cm−1R 474 cm−16>+ r7H

C Si-OH.�+ ôã L�6 +� 980 cm−16>+ r7HK[24] mullite

^';�6>$ szsO �¡-. ��� ·��+ Si-O-Si .�+ ô

ã L�6 +� 1,101 cm−1 �ç76 �î�$ r7HK mullite ^'

;�6>$ 1,013 cm−1+ õ�ç7 öT�  �"�-.  �� ¥_�6

+� Òl ÷R� �
� ·��+ Si-O-Si .�6 ���$ SiHô6

^�É1lK ø� 6¼��� ���$ Al ¸Õ� ¥_"= Si-O-Alvi

u`+ .�W v� #� AB -(Pauling�6 +�t Al+ ^�É1

l$ 1.61 � Si+ ^�É1l$ 1.90 -)[25]. KomarneniC Roy[6]

$ {; ��� [Al(H2O)6
3+]W ¢!� %&'s-�6 H� 27Al MASNMR

;�W o�I, ^�É1lK ø� 6¼��� ���$ Alvi6 +� ]

H~ /0~  �l$ 7.2-7.5 ppm U, 6¼��+ Alvi �- ^�É1

lK � 4¼��+ Al iv6 +� /0~  �l$ 67.8-69.5 ppm 4�

Fig. 1. X-ray diffraction patterns of HW1 sample calcined at various
temperature.

Fig. 2. Infrared spectra of HW1 calcined at various temperature.

Table 2. Assignment of mullite bond wave number(�−−−−1)[3, 15, 16]

Si-O bond from SiO4 Al iv-O bond from AlO4 Alvi-O bond from AlO6

1171(s) 927(s) 
1120(s) 901(s) 
960(ms) 0445(m)

1165(s) 
0832(s)  

0’740(m)

613(m, sh)
567(s)

s: strong, m: medium, br: broad, sh: shoolder, ms: medium strong 
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000
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h{�V-. �ùú� Fig. 2C D mullite ̂ ';�+ 1,013 cm−16>

szn r7HK ��  lK ¹Kû7¬ ��ç7 öT�(ôã L�

¹K)  �� �� �
� mullite ^';�6> Hp; 6¼��+

AlviC .��� #í SiO2K ��  lK ¹K�t> 6¼��K ^ 

�I X1� ^�É1lK � 4¼��+ Al ivC Si-O-Aliv.�W u1

�� AB 4� ¢µ�-.

Fig. 1R 26 +�t mullite ̂ ';�K 992oC  �6>$ �
�]

T� ���s 950oCpü 500-900 cm−1+ �ç7 è�6> mullite]

6 szs$ 4¼��C 6¼��+ r7H+ J;  �Ü"= Z[\]

6>$ ÝÞ ýþ�Í r7H J;  szs� #-. È4> �
�

mullite ^';�$ 950oCpü �¤� �>K �Ü"= 992oC6> Z

[\]T� .
/�-� ¢µ�-. Fig. 2C 36 +�t 100oC6> 24

�À Ç�� �µ6  ' ]î� ÿ+ Al-O-Si .�  ����, HW1

�µ+ Z[\]R γ-%&'s+ IR ;� .R$ -�-. ^ FJ .

R6 +�t γ-%&'s$ 845oC pq6> hG 896 +�I δ-%&

's� ̂ _"�Ts mullite ̂ ';�$ 990oC pq6> hG peak6

> spinel] X1�-. ��� Al-O-Si .�  ���$ åæ ä7�

%&'s �- .
/K � 6>  &= L-$ Yoldas[26]+ FJ.R

�W Ó�� �t mullite ̂ ';�+ �� :
6 +�I X1"$ Z[

\ ]� γ-%&'sK ef4 Al-O-Si .�W v� #-� ¢µ"U, IR

;�6 +�t %&'s$ 4¼��C 6¼��K :��� #-.

Fig. 4$ HW1�µ� 1,000oC6> 1,200oCQO 50oC ÀÏT� ��

� �µ6 H� FT-IR ;� .R�> 6¼��+ Alvi-O .�6 ���

520-620 cm−1�ç7 è�+ r7HK 1,100oCQO$ ð��-K 1,150oC

pü ¹K�� �Ü�I 1,200oC6> �Ïï ¹K�V�, SiO4C AlO4

6 ��� 1,100 cm−1 �ç7 pq6>+ r7HK 1,200oC6>+ �

�6 +�I 1,170 cm−1+ � �ç7H�  ��V-. Fig. 1+ XRD;

�6 +�t 1,000oC6>$ T-MulliteC Z[\] :��VTU, 1,100oC

6>$ T-Mullited ���V�, 1,200oC6> ���t O-Mullited 

���V-. È4> Z[\]W ¤� �µ6 ���$ 6¼��+ Al�

T-MulliteK X1� AQO 4¼��� ^ �� O-MulliteK X1"�

�Ü�t> 4¼��+ Al� -� 6¼��� ^ �-� ¢µ�-. �ù

s Al+ ¼�� �/dT�$ m8~� mullite/ :
6> szs$

��  l ¹K6 +� ÏÕ]7 aC �� ÏÕ p[+ ð� ª]W ýþ

ï ��û 7 �-.���t .� 	 K 
� 6¼��(AlVI-O=0.1852nm)

+ %&'( ¸ÕK .� 	 K � 4¼��(Al IV-O=0.1971 nm)+ %

&'( ¸Õ� ^_"= .�W u1�-t ÏÕ]7 aC �� ÏÕ

p[K ¹K�� AB -. È4> Z[\]+ T-Mullite�+ ^_R


6$ .� 	 K 
� Si-O(0.174 nm) .�  .
�p6 u1"=<

�U, ��  lK ¹Kû7¬ Al2O3+ mol%K ð��$  ^ FJ

.RK[11, 12]  C D� ��W �®
�-.

Fig. 5$ HW1�µ� 1,200oCpü 1,600oCQO 100oC ÀÏT� ��

� �µ+ FT-IR;� .R� ��  lK ¹Kû7¬ /�{� {��

� KO �ç76>+ Êl�(I(1,130 cm−1)/I(1,170 cm−1)  � Iratio�

{ª)K ð�ÙW % 7 #-. Cameron[27]R Okada�[28]� mullite+

/0 �16 #=> [Al 2O3]/[SiO2]+ �  ð�û7¬ Iratio+ �� ð

��-� �V-.È4> HW1 �µ$ 1,200oC  ]6> ���Þ4l

��~� �
� SiO2+ þ)6 +� ¿K6 +�I mullite+ �1  �

�I 3Al2O3· 2SiO2 �1+ O-Mullite� .
/�-� ¢µ�-.

 ^ FJ .R6[12] +�t A74-leach �µC HW2-leach �µ+

åæ 1,400oC 2 1,600oC  ]6> mulliteC ÙÛ α-%&'s� �Ù

� �2] sz£�(T-mullite�3 : 2 mullite+α-alumina), DTA ;� .

R6 +�t HW2-leach�µ+ åæ HW2 �µ6 ��I O-Mullite

+ X1W sz�$ 2y hG peakK 10oC 
l � 6> sz£-.

Fig. 3. Infrared spectra of various samples. Fig. 4. Infrared spectra of HW1 sample calcined indicated tempera-
ture.
���� �38� �5� 2000� 10�



Spinel�� ��� �� 673
Fig. 6� HW2C 
g :
W ¤� HW2-leach �µ� 1,200oC  ]

6> ��� ²+ FT-IR ;�.R -. �m�  l6> ��� r7

H� �»� �t HW2-leach �µK HW2 �µ6 ��I Iratio+ �

  � �W % 7 #-. È4> 990oC pq6> Al-O-Si .�W v

$ Z[\]  X1"t> �
� SiO2K Ò�"�, 
g :
W o�

I Z[\]R :��� #í �
� SiO2K �¤"t ] ^ 6 �@

� SiO2K p��� AB6 �m�  l6> ���Þ4� .
 �p

+ Al2O3+ ,Í �$ ¹K�Í "$ � -. ��� 1,200oC6> ��

� ;�+ åæ HW2-leach �µK HW2 �µ6 ��I ]H~T� 4

¼��+ Aliv-O.�6 +� 832 cm−1C 740 cm−16>+ r7H$ �

Od 4¼��+ SiO46 +� 900-960 cm−16>+ r7HC 6¼��+

Alvi-O.�6 +� 560-620 cm−1 �ç7 è�6>+ r7H ÊlK Ü

Í sz£-.  C D� .RC Fig. 2C 4+ %&'s   + mullite

/ :
6 Èi ¼�� �/6 H� .R6 +�t Z[\]W ¤�

�µ$ ��  lK ¹KÙ6 È4 T-MulliteK X1� AQO$ 6¼

�� Al  4¼��+ Al� ^ "t> �
� SiO2K .
 �p� þ

)"= T-Mullite .
  X1"� O-MulliteK X1"� �Üû A$

4¼��+ Al �¥6 4¼��+ SiK ¥_"� 4¼�� Al  6¼��

� ^ �I O-MulliteK X1�-� ¢µ�-. È4> HA2-leach �

µ+ åæ 4¼�� %&'s+ �¥6 ¥_� ·��+ ÿ  p���

AB6 4¼��+ Al iv-O .�6 +� r7H$ HW2 �µC �»�I
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1100oC
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Al IV → AlVI, SiO2�

Fig. 7. Schemetic route of mullite evolution.
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���� �38� �5� 2000� 10�



Spinel�� ��� �� 675
�+ .
 �6>+    ;�$ =4Alvi
12[Al 4Si4]

ivO32R D  sz@

7 #TU, =$ m8~� Z[\]6$ ���Od Si-O-Al .�W

v$ Z[\]6$ �=#$ 6¼�� ÿ   Õ�� szó-.

(4) 6¼� Al+ 4¼���+ ^_R �
� SiO2+ .
 ��+ þ

)6 +�I Z[\]� T-Mullite� ^_"�, 4¼�� SiK 4¼��

Al Õ�� ¥_"� 4¼�� AlK -� 6¼�� Al�+ ^_ :
6

+�I T-mulliteK O-Mullite� .
/�-.

����

1. Chakraborty, A. K. and Ghosh, D. K.: J. Am. Ceram. Soc., 61, 170

(1978).

2. Brindley, G. W. and Nakahira, M.: J. Am. Ceram. Soc., 42, 311(1959).

3. Percival, A. J. and Duncan, J. F.: J. Am. Ceram. Soc., 57, 57(1974).

4. Leonard, A. J.: J. Am. Ceram. Soc., 60, 37(1977).

5. Bullens, K. S., Leonard, A. J. and Delmon, B.: J. Am. Ceram. Soc.,

61, 81(1978).

6. Komarneni, S. and Roy, R.: J. Am. Ceram. Soc., 68, C-243(1985).

7. Mazdiyasni, K. S. and Brown, L. M.: J. Am. Ceram. Soc., 55, 548

(1972).

8. Kanzaki, S. and Tabata, H.: J. Am. Ceram. Soc., 68, C6(1985).

9. Hoffman, D. W., Roy, R. and Komarneni, S.: J. Am. Ceram. Soc., 67,

468(1984).

10. Burham, C. W.: Carnegie Inst. Wash. Yeard., 223(1963).

11. Hwang, U. Y., Lee, S. G., Koo, K. K., Park, H. S., Yoo, S. J. and

Yoon, H. S.: HWAHAK KONGHAK, 37, 355(1999).

12. Hwang, U. Y., Lee, S. G., Lee, J. W., Choi, J. H., Park, H. S., Yoo,

S. J. and Yoon, H. S.: HWAHAK KONGHAK, Submit(2000). 

13. Itatani, K., Kubozeno, T. and Howell, F. S.: J. Mater. Sci., 30, 1158

(1995).

14. Schneider, H. and Sebald, L. M. A.: J. Mater. Sci., 27, 805(1992).

15. Mackenzie, K. J. D.: J. Am. Ceram. Soc., 55, 68(1972).

16. Moya, J. S., Serma, C. J. and Iglesias, J. E.: J. Mater. Sci., 20, 32

(1985).

17. Stöber, W., Fink, A and Bohn, E.: J. Colloid Inter. Sci., 26, 62(1968).

18. Ryskin, Y. I.: “The Infrared Spectra of Minerals,”  Ed., V. C. Farmer,

Mineralogical Society Monograph, 4, 146(1974).

19. Tarte, P.: Spectrochim. Acta. Part A., 23, 2127(1967).

20. Yamaguchisadorou: Chemistry and Engineering, 17, 1326(1964).

21. Freund, F.: Rer. Deut. Keram. Ges., 44, 392(1967).

22. Launer, P. J.: Amer.Mineral., 37, 764(1952).

23. Stubican, V. and Roy, R.: Amer, Mineral., 46, 32(1961).

24. Kamiya, K. K., Sakka, S. and Mizutani, M.: Yogyo-Kyokai-Shi., 86,

552(1978).

25. Pauling, L.: “The Nature of the Chemical Bond,” 3rd., Cornell Uni-

versity Press, Ithaca, N. Y., 93(1960).

26. Yoldas, B. E.: J. Am. Ceram. Soc., 56, 479(1980).

27. Cameron, W. E.: Bull. Amer. Ceram. Soc., 56, 1003(1977).

28. Okada, K. and Otsaka, N.: J. Am. Ceram. Soc., C245(1986).

29. Okada, K. and Otsuka, N.: J. Am. Ceram. Soc., 69, 652(1986).

30. Suzuki, H., Tomokiyo, Y., Suyama, Y. and Saito, H.: J. Ceram. Soc.

Jpn., 96, 67 (1988).

31. Wells, A. F.: “Structural Inoganic Chemistry,” 5th ed., Oxford, 325

(1984).

32. Wells, A. F.: “Structural Inoganic Chemistry,” 5th ed., Oxford, 594

(1984).

33. Lide, D. R.: “CRC Handbook of Chemical and Physics,” 71st ed., 12-

1(1990).

34. Pedley, J. B. and MAarshell, E. M.: J. Phy. Chem. Ref. Data., 112,

967(1984).
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000


	졸-겔법에 의한 구형 mullite 전미분체의 제조 및 mullite화 공정기구의 해석 
	황운연†·이정운·최진훈· 박형상·유승준*·윤호성**·김용렬***
	서강대학교 화학공학과 *서남대학교 환경화학공학부 **한국자원연구소 자원활용 소재연구부 *

	Synthesis of Spherical Pre-mullite Particles by Sol-Gel Method and Mullitization Mechanism of Pre...
	Un-Yeon Hwang†, Jung-Woon Lee, Jin-Hoon Choi, Hyung-Sang Park, Seung-Joon Yoo*, Ho-sung Yoon** an...
	Department of Chemical Engineering, Sogang University *Faculty of Environmental and Chemical Engi...

	요  약
	1. 서  론
	2. 실험방법
	3. 결과 및 고찰
	4. 결  론
	참고문헌



