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Abstract − Spherical porous alumina particles were prepared by mixed solvent to control the reaction rate of Al-alkoxide and

the particle shape with hydroxy-propyl cellulose(HPC). HPC was used as a dispersant to prevent aggregation during the for-

mation of particles. The effect of [H2O]/[ASB] ratio on the crystallization reactions of as-prepared particles was studied by

XRD, FT-IR, and TG-DTA analysis. The mole ratio of water and Al-alkoxide added in the condensation reaction had an impor-
tant effect on the crystal structure of as-prepared particles and the calcined particles. As the [H2O]/[ASB] ratio increase, the

crystal structure of as-prepared particles was continuously varied from amorphous Al(OH)3 to pseudo-boehmite with chemical

composition of AlO(OH). The samples which have higher crystallinite after drying process were transformed into the δ- and θ-

Al 2O3 at lower calcination temperature, but these sample were transformed into α-Al2O3 at higher calcination temperature.

This result was thought to be the transformation of the coordination number of Al3+ ion in the crystal structure. The particles

prepared by [H2O]/[ASB]=2 condition crystallized to α-Al 2O3 at 600oC and converted to η-Al 2O3 at 1,100oC without inter-

mediate phases.
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<>� ����� ?@�AB, C(AB D ?@EF 2GAB $%

�HIJ, K�FL��: IJM NO >G P� IJ, -QR 0�&

ST IJ $ ��IJ D UVS
 �:�� ;<. WX ����� Y

O Z�[� D IJ \�] ^� ;� +,- �_0 IJ
 `' �

:�� ;<. <>� ���� ab ST Pc	
� Al-�defg h

i, j
kl[1] W� mnl[2] $% o�:J- :Gep q F?2G

er s] t] ? ;�, �M N� STu ev� 500oC-4% �@

- %�. w 135 m3/g% Z�[�] �xy<. z'� 80oC �{% &

- Al-�defg EF�. bohemite(AlOOH)g ST�� .�- w�

% 0] EF�. G|AB] }~ �� abg ST�� Yoldasc�

��� ;	�[3], �M N� STu ev� 500oC-4% �@- %�

. w 264 m3/g% Z�[�] �x��, 1,000oC-4 �@���"

50 m3/g �{% Z|� �O Z��] ̂ �<. z/� �@ �"g 1,200oC


 �Fe�[ ��X @� �{� �x��, Z�[�O 5 m3/g ��


 ��
 �@��, ���T" α-Al2O3
 �X<. z'� Al-�de

f� &�% AB�"F J� �� ab% �� T�� J� ��� �

	
 ��� ;<.

�2_ ST- ;�4 ./ ��] ̂ � ;� �-s >�% ��� �

� :Jc- %X 0�& ST-  �.� <?% �� ��F ¡��

¢��[4-7], �£¤�� ¥
 AB�� ¦§ �def
m¨ �� ab

F STu<� ab% ��T�-  X ��F ©m2�� ��ª �

2_% B: «[- ;�4 J� ¬­X AB >� �?F STu ab

% &'� =�� ��� >�- �®� ¯°- ©�. ¡�u ���

z' ±� ²<. ³�4 ́  µ,-4� {¶
 · Z�[�(865-521 m2/

g)� �>#(6.6-14 nm)� S�u \����� ��-  X �� ��

- ��4[8] ��:Jc] �:�. <>� �� Al2O3 abg ST�

¸	�, IJ ¹_
% B: ��% �º	
 >��?F STu ev

% ��� >�- �®� ¯°- ©�. �»�¸<.

2. �
� �� � �� 
  !"

2-1. ��� ��

´ ��-4� Aluminum sec butoxide(Al(OCH[CH3]3C2H5)3, Fluka,

�� ASB
 ��)g ����% ¼¡&(
 9:�¸	�, >��?


� AB�"F J� ¦§ ASB% AB�"- F� ¯°] ±� �®�

[H2O]/[ASB]% Z(�� R
 ��)g >��?
 �. ���� �2_

g ST�¸	�, ½¾ PcO <¿� N<. 80oC-4 ASB 1 mol] 5 mol

% n-octanol(CH3(CH2)6CH2OH, YAKURI PURE CHEMICAL Co., 99.5%)

- EF�. 302 À� |A �" 100 rpm	
 :GeÁ<. ab% Â

� ��-4 Ã�% 20�] o��� 7X Ã�% ���S
 9:

u hydroxy propyl cellulose(Aldrich Chemical Co., Average M.W. 100,000,

�� HPC
 ��) 0.1 g� :Gu n-octanol 10.8 mol] EFX <¿ 30

2� |A�. HPCg :Ã- Ä��8 20eÁ<. ASB% AB�"

F J� ¦Å� +,- Ä�X AB] 7�. |A �"g 200 rpm	


 �Fep q 2Æ �H�. �� |ºu �H?(2ÇRÇ20, �� ev�

R2, R4, D R20 $	
 ��), n-octanol(10.8 mol) D acetonitrile(76.59 mol,

CH3CN, Yakuri Pure Chemical Co., 99.5%) �� :Ã] EF�� 3e

� À� 80oC
 È�] o��[4 ABer ���� �2_g ST

�¸<. AB� �vu q ab� ÉÊ2'>�] Ë�. 2'��

100oC-4 24e� À� ÌT�¸<.

2-2. �� �� �	

�@ >�] Ë�. ��u ���Tg �»�� 7�. T�� �"

��- ©X XÍ Æ� 2Î(XRD, Rigaku, Intervals 0.02, Scanning spee

0.5o/min, Target=CuKa, Power=30 kV, 20 mA, 10oÇ2θÇ80o)] ?Ï�

¸	�, ÌT D �@ >�] }Ð ���� �2_ �% �� {�%

��g �»�� 7�. 5oC/min% Ñ� �"
 ÒÓ'X 2_g KBr

pellet c	
 Ék� eÔ] �Õ� FT-IR(MIDAC GRAMS/386) 25

�g 9:�. 400-4,000 cm−1% ¥Ö? 67-4 2Î�¸	�, �2

_M KBr% ×8Z� 1 : 200
 ���¸<. ���� �2_% Ò2G

D {�� =�] �»�� 7�. TG-DTA(DuPont 2,000 Differential

Thermal Analysis, Ñ� �" 5 oC/min, 27� Air) ½¾] �¸<.

3. �� � #$

3-1. XRD ��
�

Fig. 1O [H2O]/[ASB]% Zg ��er STu evg 100oC-4 24

e�À� ÌTep q% XRD 2Î ���<. R=2.0� TÌ-4 Â�

u ev� Z�( Al(OH)3(�wX bayerite, gibbsite D pseudo-boehmite

��� ØÙÚ)�� 9v��, R Û� �FÚ- ³� bayerite� gibbsite

% ¥ peak- G¶�� 2θ=20-4% peak !"� �@�[4 boehmite

��- %X peak% !"� �FÚ] � ? ;<. Well-crystallized boehmite

% #� d=0.630-0.632(2θ=14.00-14.05)% 67-4 !"F F� ·

peakF Â���3 ���[11], R=20.0% ev% #�-4" (200)[-

G¶�� 2θ=48 mÜ-4% peak !"F F� Ý8 �xÞ �	
 ß

à STu �2_� pseudo-boehmite ����� 9vu<. �A�	
,

Yoldas c- %�. ?:Ã {�-4 Â�u �2_% ��"� 6K7

_[AlO6] á 9�- ØÙ�� H2O 2b- %G4 ���� �	
 �

Fig. 1. The X-ray diffraction patterns of particles produced by differ-
ent [H2O]/[Al-alkoxide] ratio and dried at 100 oC for 24 hours.
HWAHAK KONGHAK Vol. 39, No. 2, April, 2001
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�� ;<. â, H2OF ±� ØÙã?ä 6K7_[AlO6] á 9�% åæ

ç �{� ±� ��� ��"F èà�� á 9�% }'" �FX<

� ��� ;<[9]. z/�, ´ ��-4% RO é© 20.0	
 Yoldas

c(R=100�{)- %X ���� ab ST TÌß< &% ê� {¶


�	�, WX :Ã% ©m2] �� :J([mixed solvent]/[ASB]=98.2)

F ë��� ;<. ³�4, 100oC-4 24e� ÌTX ev% ��"F

è8 �xÞ �O 6K7_[AlO6] á 9�- ØÙ�� H2O 2b% ̄ °

" ;��, �� :J D  [ \�S
 9:u HPC D �AB OR�

F �� �- ØÙ�� +,��� 9vu<.

Fig. 2� R=4 TÌ-4 STu evg 5 oC/min% Ñ� �"
 600-

1,000oC¤� FÒX q ìì% �"-4 1e�í o�ep ev- ©

X XRD 2Î ���<. Fig. 2- %�[ 600oC-4 �@X ev� w

��� spinel{% Â�- ��X 2θ =45M 65 mÜ-4% peakF �x

Þ �	
 ßà γ-Al2O3 {� Â��¢<� 9vu<. z'�, JCPDS

îf- %�[[10], 2θ =46M 67 mÜ-4� γ, δ, θ-Al2O3 ïð-4

peakF �x��, 30Ç2θÇ40 67-4 γ-Al2O3� ��ñ� Â���,

δ D δ-Al2O3% #� }% À�X 2θ mÜ-4(2θ=33, 37, 39) � C%

ñ�'F Â���� δ-Al2O3% #� � ñ�'% !"ZF 3 : 6 : 4�

�, θ-Al2O3% #� 4 : 4 : 3�<. ³�4 30Ç2θÇ40 67-4% XRD

��g Z|G ß[, 800oC¤�� γ-Al 2O3 ��{� o��¢	�,

900oC-4 �@X ev-4 δ-Al2O3 ��� Â�ò] � ? ;<.

Fig. 3O R=2.0 TÌ-4 STu evg 1,000oC¤� 5 oC/min% Ñ

� �"
 FÒX q ìì% �"-4 1e�í o�ep ev- ©X

XRD 2Î ���<. Fig. 3- %�[ 600oC-4 �@X ev% #�

spinel {� Â��¢	�, �@ �"F �Fã?ä ��"F �FÚ]

� ? ;<. z'� 900oCM 1,000oC-4 �@X ev% #� Fig. 2

% 700 D 800oC-4% �@- %�. Â�u γ-Al2O3% XRD 2Î

��M o9Ú] � ? ;<. γ-Al2O3M η-Al2O3% XRD 2Î ���

o9���, Pecharroman[11]O (311)[� (400)[% peak !" Z
 ð

{] �2�¸<. â, I(311)/I(400)≈0.5 �"% Û] F�[ γ-Al2O3��,

I(311)/I(400)≈0.8 �"% Û] F�[ η-Al2O3
 �x�¢<. Fig. 3- %

�[ 900oCM 1,000oC-4 �@X ev% #� I(311)/I(400)≈0.73	


η-Al2O3F Â��¢¿] � ? ;<. ³�4, Fig. 1� 3- %�[ R=2.0

TÌ-4 STu ev� amorphous Al(OH)3ó η-Al2O3ó α-Al2O3 �

�
 {��F ��ô] � ? ;<.
Fig. 2. The X-ray diffraction patterns of R4 particles calcined at indi-

cated temperature(heating rate=5oC/min).

Fig. 3. The X-ray diffraction patterns of R2 particles calcined at indi-
cated temperatures(heating rate=5oC/min).

Fig. 4. The X-ray diffraction patterns of R20 particles calcined at indi-
cated temperature(heating rate=5oC/min).
���� �39� �2� 2001� 4�
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Fig. 4� R=20 TÌ-4 STu evg 300oCm¨ 1,000oC¤� 5 oC/

min% Ñ� �"
 FÒX q ìì% �"-4 1e�í o�ep ev

- ©X XRD 2Î ��
4, 300oC-4 �@X ev% #� boehmite

��� Â��¢	�, 600oC% �@- %�. γ-Al 2O3 ��{� Â�

�¢<. z'� 800oCM 900oC-4% �@- %�. ìì δ-Al2O3M

θ-Al 2O3
 ��{� ��ò] � ? ;<.

Fig. 5� 5oC/min% Ñ� �"
 1,000oC¤� FÒX q 1e�À�

o�ep ev- ©X XRD 2Î ��
4 Fig. 2- õ�X #�M N

� 30Ç2θÇ40 67-4% � F� peak% {©�� Zg Z|Gß[,

R=8.0 ��% AB TÌ-4� δ-Al2O3 ��� ¥
 �xö<� 9v

��, R=11.0 �{-4� θ-Al 2O3 {� ±� �xö¿] � ? ;<.

z'� RÛ� �FÚ- ³� ���� °{�¢¿] � ? ;<. �M

NO ��M Fig. 1- %�[, ÌTX ev% ���� ÷?ä ��-4

% {��" �' øÏò] � ? ;<.

3-2. FT-IR ��
�

Fig. 6O R Û] ��er STu �2_g 100oC-4 24e� ÌT

ep ev- ©X FT-IR 2Î ���<. 3,650 cm−1 ¥Ö? ©-4% U

?©� UV?- %X ���, 1,635 cm−1 mÜ-4% U?©� �>-

ØÙ�}� ?�u &- %X ��<[12, 13]. z'� 3,090� 1,072 cm−1

¥Ö? ©-4 �xÞ U?©� boehmite �� �% Al-OH ùú øÀ

- %X ���, =
, 1,072 cm−1-4% U?©� boehmite �� �%

�T?M   �� ;<. 2,927 D 1,465 cm−1 mÜ-4% U?©� o

�&- %X ��<[14]. z'� 800 cm−1 ��% ¥Ö?©-4 �xÞ

3C% U?©� boehmite, bayerite D gibbisite ïð-4 �x�� U?

©�<[12]. z'� 879 cm−1 ¥Ö?-4 �x�� U?©� bayerite-

%X U?©�<[15]. Fig. 6- %�[, R Û� �FÚ- ³� boehmite

% �� �% Al-OH ùú øÀ- %X 3,089M 1,072 cm−1 ¥Ö? ©

-4 U?©� �F��, bayerite �T- %X 879 cm−1 ¥Ö?-4%

U?©� �@Ú] � ? ;<. �M NO ��� R Û� �FÚ- ³

� Z�( Al(OH)3 �T-4 pseudo-boehmite �T
 �� ��F �

�u<� Fig. 1% XRD 2Î ��M À�X �{�<. z'�, R Û�

�Fã?ä o�&- %X 2,927� 1,465 cm−1 mÜ-4% U?©M �

> �% &2b- %X 1,635 cm−1 mÜ% ¥Ö?-4% U?©F �@

Ú] � ? ;<. 2,927, 1,465 D 1,375 cm−1 ¥Ö?-4% U?©� ì

ì CH, CH2 D CH3- %X ��<. ³�4, �M NO ¥Ö? 67-

4% U?©� F? 2G D û� ¬� AB- %G4 Â�u sec-butyl

alcohol(CH3CH2CHOHCH3)�� �� :J
 9:u octanol(CH3(CH2)6-

CH2OH)-4 �xü ? ;� ���, ð alcohol% 2b �TM IR U

?©% ïê- %�[, octanol- %X ���� 9vu<.

Fig. 7O R=20.0� TÌ-4 STu evg 1,200oC¤� �@X ev

- ©X FT-IR 2Î ���<. Fig. 4% XRD 2Î ��- %�[, 600oC

-4 �@X ev� γ-Al 2O3 {�¢�, 800oC-4 �@X ev� δ-

Al2O3 ¸	�, Fig. 7- %�[ 600oCM 800oC-4 �@X ev% #

� }% NO ��% ïê] �x�� ;<. �M NO ��� γ-Al2O3

��% δ-Al2O3 {	
% ��F Al3+ ��% K7_ ��- %X ��

àý� spinel {% 4K7_ ê�� �þ �b�% Ù 2ÿ- %�. �

��� +,��� 9vu<. z'� 800oC-4 �@X ev- Z�.

900oC-4 �@X ev-4 AlO4- %X 700 cm−1 �{% ¥Ö? 6

7-4% U?©F �F�¸¿] � ? ;<. Komarneni $[15]O ¼¡

&(- ³� <@ ë�F ;�� γ-Al 2O3M δ-Al2O3-4% 4K7_M

6K7_ Al3+% Z(AlO4/AlO6)� 0.49-0.63��� ¡��¸<. z'�

Sakamoto[16]� θ-Al2O3 �� �% 4K7_ D 6K7_
 ØÙ�� Al3+

��% ZF 1��� ¡��¸<. ³�4 800oC ß< 900oC-4 �@

X ev-4 AlO4- %X 700 cm−1 �{% ¥Ö? 67-4% U?©

F �FX �O 6K7_
 ØÙ�� Al3+% 4K7_
% ��M Ú�

δ-Al2O3% θ-Al2O3
% {��- %X ���� 9vu<. 1,100oC-

4 �@X ev% #�, 4K7_M 6K7_- %X 830 cm−1M 570 cm−1-

Fig. 6. FT-IR spectra of particles produced by different [H2O]/[Al-
alkoxide] ratio and dried at 100oC for 24 hours.

Fig. 5. The X-ray diffraction patterns of particles produced by differ-
ent [H2O]/[Al-alkoxide] ratio and calcined at 1,000oC.
HWAHAK KONGHAK Vol. 39, No. 2, April, 2001
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4% U?©% �2� � � ��
 �xÞ �	
 ßà ��X θ-Al2O3

��� Â��¢¿] � ? ;<. 1,200oC-4 �@X ev% #�, 640,

597 D 450 cm−1 ¥Ö? ©-4% U?©� α-Al2O3% Â�] �x�

��, AlO4- %X 736 cm−1 mÜ-4% �O U?©F ØÙ�� �	


 ßà à�" θ-Al2O3F >Ø�� ;<� 9vu<.

Fig. 8O R=2.0 TÌ-4 STu ev% �@ �"- ��- ³§ FT-

IR 2Î ��
, AlO4- %X U?©g �x�� 700 cm−1�{% ¥Ö

?-4% U?© �F �{� 900oC-4 �@X ev-4" �x��

²� ;	�, 1,000oC-4 �@X ev% #�, Pecharroman $[11]�

¡�X η-Al2O3- ©X IR 2Î ��M o9�<. z'� 1,100oC-4

�@X ev% #�, α-Al2O3 Â�- ��X 540 cm−1mÜ-4% !X

peakF �xö¿] � ? ;<.

Fig. 9� R Û] ��er STu evg 1,100oC-4 1e�À� �

@ep 2_- ©X FT-IR 2Î ��
4, R=2� #�-� ��X α-

Al2O3F Â��¢�, R=20� TÌ-4 Â�u ev% #� θ-Al2O3 �

� Â�] �x�� U?©F �xö¿] � ? ;<. z'�, R% Û

� �Fã?ä α-Al2O3- ��X 590 cm−1 ¥Ö?©-4% U? peak

F �@�� �	
 ßà α-Al2O3 Â�� ��-4 ����] � ?

;<. Fig. 5M 9- %�[ R Û� �Fã?ä θ-Al2O3 ��O 	�-

4 Â��¢	� α-Al2O3� ��-4 Â�ò] � ? ;<. �M NO

��� R Û� �Fã?ä 1,000oC-4 �@- %�. Al3+ ��� 4

K7_
 ±� ØÙ��, Al3+ ��� ïð 6K7_
 ØÙ�� α-Al2O3

��� Â��� 7G4� � � ��-4% �@ >�� 
­�� +

,��� 9vu<.

3-3. TG-DTA ��
�

Fig. 10O R=20, R=4.0 D R=2.0 TÌ-4 STX evg 100oC-4

24e� ÌTX �2_- ©X DTA 2Î ���<. 150oC �q-4 �

Fig. 7. FT-IR spectrums of R20 particles calcined at indicated tempera-
ture(heating rate=5oC/min). Fig. 9. FT-IR spectra particles produced by different [H2O]/[Al-alkox-

ide] ratio and calcined at 1,100oC.

Fig. 8. FT-IR spectrums of R2 particles calcined at indicated tempera-
ture(heating rate=5oC/min).
���� �39� �2� 2001� 4�
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n

ier,

nd

n,
[- UVu &2bM ��:J ¬ ���� èO acetonitrile(b.p=82oC)

% o'- ��X UÒ peakF �xö	�, 200-294oC 67-4 �T

?, octanol(b.p=190-199oC) D HPC% o'- %X 2ë UÒ peakF

�xö�, 370oC mÜ-4 ��� >�- ��X ¡Ò peakF �xö<.

Fig. 11� R=2, 4, 6 z'� R=20� TÌ-4 STX evg 100oC

-4 24e� ÌTX �2_- ©X TGA2Î ���<. Fig. 11- %�

[ R=2 ev% #�, w 53% �"% ×8 �@ �{� ��ö	�,

R=20 ev� w 38%% ×8 �@ �{� ��ö	�, R Û� �@ã

?ä ×8 �@ �{� ±� ��ö¿] � ? ;<. z'� 300oC �

�% �"-4 ���� ×8 �@ �{� R Û� �Fã?ä �' �

�ô] � ? ;<. Fig. 10% DTA 2Î ��- %�[ UV?� o�

& o' �{O w 294oC�"-4 ���, z <¿O �� Â�- �

�X ¡Ò peakF �xô] � ? ;<. z
4 294oCg ��	
 ×

8 �@�]  0X �� R=20 ev% #� 16%% ×8 �@ �{�

�xö	�, R=6O 31%, R=4� 33% z'�, R=2 ev% #� w 40%

% ×8 �@ �{� ��ö<. AB TÌ- ³� Â�u ���� ?

0�&% ���� �2_
% �º- ;�4 ×8 �@ �{O <¿

� N� ��ã ? ;	�,

2AlO(OH)ó Al2O3+ H2O (1)

2Al(OH)3ó Al2O3 + 3H2O (2)

� (1)% AB-4� w 15%�"% ×8 �@ �{� ����, � (2)

% AB-4� w 33%% ×8 �@ �{� ��Þ<. z/�
 � (1)�

(2) z'� STu ev% ��� >�- ?A�� ×8 �@ Z�- %

�[ R=20 TÌ-4 STu ev% #�, AlO(OH)% T�] ^� ;

� pseudo-bohemite ���Tg ^� {� ����, R Û� �@ã?

ä Al(OH)3% T�] ^� {� ��X �2_F ST�¢¿] � ?

;	�, R=2.0 ev% #� ���� ×8 �@ß< ±O ×8 �@ �

{� ��Þ �O [H2O]/[ASB]=2�� +,- �AB ���F ±� Ø

Ù�� +,��� 9vu<.

4. � �

´ ��-4� ��:Jc- %G4 <>� ���� �2_g ST

�¸	�, >��?
 Í�X [H2O]/[ASB]% Z� ÌTX �2_% �

��� ��� >�- ¯°] ��] � ? ;¢<. XRDM TG-DTA

2Î- %�[ [H2O]/[ASB]% ZF �Fã?ä Al(OH)3 T�- F¤�

Z�((w�% bayeriteM pseudo-behmiteg ÿÚ){	
m¨ AlO(OH)

% T�] ^� pseudo-boehmite ���TF ��X �2_F ST�

¢<. z/� ´ ��-4 STu �2_� ���% o�& ØÙ- �

��. yoldasc- %�. STu �2_ ß<� ��"F è8 �xö

<. R=4-20� TÌ-4 STu ev� pseudo-boehmite boehmite

γ-Al2O3 δ-Al2O3 θ-Al2O3 α-Al2O3M NO �4- %�.

{�� �¢	�, R=2.0� TÌ-4 STu ev� amorphous Al(OH)3
η-Al2O3 α-Al2O3M NO =�X �� >�] Ë�. α-Al2O3


 {�� �¢<. ÌT >�] }Ð ev% ��"F �?ã?ä(R Û

�F) δ-Al2O3M θ-Al 2O3� èO �"-4 Â��¢	�, α-Al2O3� �

�-4 Â��¢	�, �M NO ��� Al3+��% K7_ ��M  

 u �	
 θ-Al2O3% α-Al2O3
% {��� 4K7 Al3+��% 6K7


% �º� 
­��, ³�4 θ-Al2O3% ��"F �?ã?ä 4K7

Al3+��� ±� ØÙ��
 α-Al2O3
% {��� ��-4 ��� ø

�	
 9vu<.
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