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Abstract − Using Al metal and isopropyl alcohol, aluminum isopropoxide was synthesized under various catalysts such as

mercuric chloride, iodine, mercuric iodide and ferric chloride. The solution reaction time of Al metal was increased according

to catalysts, as an order of I2<HgI2<HgCl2<FeCl3 within 3 to 48 hours range. Synthetic yield was obtained about 90% under

our experimental condition. The purity of the synthesized aluminum isopropoxide was about 97% after one time vacuum dis-
tillation separation. As a result of aluminum isopropoxide synthesis, various properties of the synthesized aluminum isopro-

poxide such as crystal structure, crystallinity, yield and purity, showed the same level of with the commercial aluminum

isopropoxide(Fluka). Using synthesized aluminum isopropoxide as a starting material, alumina[γ-AlO(OH)] sol was prepared

by hydrolysis/polycondensation, aging and peptization. The surface property of alumina sol particles, such as decrease of iso-

electric point(IEP), was affected by aging.
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[2]. a�P=(HgCl2, mercuric chloride)[3], b`�(I2, iodine)[4], b`

��P=(HgI2, mercuric iodide)[5], a��;c(FeCl2, ferrous chloride),

a���c(FeCl3, ferric chloride)[6], a�de(SnCl4, stannic chloride)

[7], fg�(Ti, titanium)[8] h2 A= &'� ()D� +567 1L

* N�O PQ RS� �.
 �+!" #	 ij<k ()D�&. Z

[ Union Carbide�� Carbon Chemical�/� ���� �Cl�m�

��* S+ �,no$� 01 Al2 �Cl�p�34/ a�P=2

A= ()q r�.
 67Ts ���� �Cl�m��� +t S�

u$% 145-150oC, 5 mmHg* vw Nx/ *� "yL Nx E�o

� �+.
 90% z* PQ� ���� �Cl�m���q �,."

#&. {�� ���� ����� 89 2E/� ()* r�	 |9

�* `a, }9(toxicity) {~/ ��9(corrosiveness)� ��� P #

$%, �� ��9� �= ()* ��, vw NxT ()9�\
 N�

!F 89: ���� �����* yLq �5.	 �2q ��.�

:&[9]. ��� ��� k.
 () ��9* �J, PQ, {~/ 
�

�
 �E�PO ,-� �<� .
� � ��% �� m�92 ��

�� ��� �	 ���� P��� |9* Bk� !	 �CO P�

* ��* �E,-� ��.� "H!F� � ��&. �� 89 2E

T PC�� �|$� k� m� ���� P� ��� k� ���*

|92 A= ��+� �.V �5�	 � 9 ��V, ¡ ¢£¤��

�C ��V ./� 67� ^_Ts� �&. ¥ WX/�	 a�P=,

b`�, b`��P=, JPa���c* ()* ��/ ¦§ ̈ R2 6

7,-* ¨R� "©.
 �= PQ� uV �� �6 �E�P* ¨

R� "©." |9�* "yL� nª� «X."¬ �&. ����

�����	 �­V* ®x/ ¦¯ ���� /°���, ���� �

Cl�m���, ���� �°��� h/ �£V\
 &'.&. ���

� �����	 �­V* ®x/ ¦¯ T±² tS2 "� �³S$

� &'� 9S� �gz" #&. ´µ T±² tSk ���� �°�

��/ ¶5 � 2 �·* E·�� +�� "�S* ���� �C

l�m���q ¸¹�.� �+." #$% ¥ WX/�L ����

�Cl�m���q ���� º 89� �� ����� »E.
 8

9."¬ .¼&. ���� �Cl�m���	 "� �³S$� � 

� +�.
 �½ ¾? ¸¹�.� �+!" #	 ��� ¿z* ��,

;�/� CÀÁ� �,!F
" #$� ¢Â\
 yLO �EX,*

�ÃÄÅ� Æ�� Ç¢#F ��* ÈÉ9� ÊË!F #
	 Ì� S

Í�&. ¦¯� ����k ���� �����	 
0\
 »^¿/

*5 i�� PÎ!" #$% �q �+� ���� ÏÐ Ñ|��*

VÒ �� ����/ ®1!F #	 ÄE�&. ¦¯� ¥ WX/�	

"yL* ÈÉ9 #	 ���� �����* �, VÒ� Ã´.
 �

��� ��* BÓ¶+� vCTU" ¢Ô� ���� ��*  +�

(^TU	 ]Vq ÕÐ."¬ �&.

Ö* WX´"[10-13]/� ×9/ ¦§ Î¬�9 ,Ø �Ù9� "©

.¼$% ¥ WX/�	 ���� º Î¬* jÚÛ. �ÜO hÛÝ

(isoelectric point, IEP)� ��$� jÚ�9� "©.
 3Þ ß</ <

8� 3Þ+ ���� º[γ-AlO(OH), boehmite] 89VÒ� Ãà."

¬ .¼&.

2. � �

2-1. ���� ����	
��� 
�

Fig. 1= ���� �Cl�m��� 89� �� +567 ½áL�

", Fig. 2	 +567� µ5 u= ���� �Cl�m��� +t�

vw Nx�E/ *5 yP� ���� �Cl�m���q uV ��

Fig. 1. Solution reaction apparatus for aluminum isopropoxide synthesis.

Fig. 2. Separation recovery apparatus for aluminum isopropoxide syn-
thesis.

Fig. 3. Flowchart of aluminum isopropoxide synthesis.
���� �40� �3� 2002� 6�
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�?âP ½áq �gã ½áL�&. Fig. 3= ���� �Cl�m��

� 89� �� äåL� 8967� �5 �Cl�p�34� ¶hÝ

�S* æL� �ç� è, 01 Al2 ()q 67V/ é" +567�

^_Tê&. ����= �342* 679� ë¢ |9�� ����

�|!	 PC��	 �|!	 ì� �í.	 �� E671Lq RS

TU	 î2q �I4 P #F ïðÂ.&. �� 67Vz � 9 ��

Vq ,9." �V �* P�� 67Vz� ��!	 �� n
.V

�.
 ñòV ³ó�/ Ä?ôõ� ö÷^ øù� úá.¼" �C�

�q û?Ú� +567� ^_Tê&. ¥ Ä�/� �+: ()�	

a�P=(HgCl2), b`�(I2), b`��P=(HgI2), a���c(FeCl3)�

;E·(01 Al 1 mol/ i5 10−3 mol) r�.¼$% ()* ®x/ ¦

§ 67T�, 89PQ {?" yL h* ̈ R� "©.¼&. 67� ü

G è, 2·* �34= N�Ts �? âP.¼$% yP� ����

�Cl�m���	 ¶hÝ[138-148oC(10 mmHg)] �S* æL(150oC)

/� Fig. 2* ½áq �+.
 vw Nxq µ5 âP.¼&.

¥ Ä�/� ���� �Cl�m��� 89� �� Ä�,-=

Table 12 A&. 67,-= �34* ®x/ ¦¯ �+!	 �34*

¶hÝ ¹�/� »ý!% l�þ4�� �ÿ42 A= ÿCB¬� 3-

4Y* �34x* ��, 82-125oC�Ú <�.", 67w� ,-= ́ µ

iVw/� 65 psig �z* ¹�� <�.&[14]. ¦¯� ¥ Ä�/�	

�34� �� �Cl�p�34* ¶hÝ(82.5oC) �S* æL� �

ç� è, ����[aluminum needles, Riedel-de Haën(RdH), �99%]�

�." ï� ()q r�.
 �6TUÚ� +567� ^_Tê&. �

� Mori Hiroo[2]/ ¦£Ú ��* '= 01 Al 1 mol/ i5 '�¶*

1.2� �S� <8.&" �T.¼	ì �	 ��* ¶Ý �Sk +5

67æL ,-$� k.
 ��� N� �Ä!F ��'�<k 	Û +

567� �L.V F
V �Æ�&. ¦¯� ¥ Ä�/�	 01 Al

1 mol/ i5 ��'�< ¶q �2.	 4 mol C3H7OH/1 mol Al* �

Cl�p�34(C3H7OH, Showa Chem. Inc., >99.5%) '� 67,-

$� �ý.¼&. 67/ �+: ()� a�P=(HgCl2, Fluka, >99.5%),

b`�(I2, Fluka, >99.5%), b`��P=(HgI2, Fluka, >99.0%), JPa�

��c(FeCl3, ferric chloride anhydrous, Fluka, �98%)� ;E·(01

Al 1 mol/ i5 10−3 mol) r�.¼$% ()/ ¦§ 67T�, 89P

Q {?" yLq 
E.¼&. +567 2E/� d*5� � ��=

67T &·* 67ç� �|.� !�� �5
	 ()	 YT���

�V y�/K pb� P��F� C·* ()K$�L Ê�� 67�

^_T­ P #� :&. ¦¯� ¥ Ä�/�	 10−3 mol catalyst/1 mol

Al* ()q �.
 +567� ^_Tê&.

+567 è, u= +t S/	 ò® �y�� ÜÅ!F #V �Æ/

yP� ���� �����q âP.V �5�	 6�T �?E� 2

E� í�� �&. Fig. 2	 �?E�q �� ½áL� +t$��� �

��� �����K� �? âP.V �.
 ���� �Cl�m�

��* ¶hÝ �S* æL(� 150oC) ¹�/� vw Nx/ *5 �

? âP.¼&. �� �V �/ �[." #	 P�� vw NxT 6

7V� ��!Ú ���� �Cl�m���O �P�567� ;F�

���� .������[γ-AlO(OH), Al(OH)3]q |9.
 ����

�Cl�m���* yL� �5!	 �2q ��.� !�� �V �

* P� ��q �" 67T �|!	 PC��q �í.V �.
 �

C��� �VTUÚ� +567� ^_.¼&. �� vw Nxq µ5

�V/ ��� T±² tS* ���� �Cl�m���q u�$%

^� `� z/� M� �E� 2E� µ5 �®<$� ��* "��

³Sk ���� �Cl�m���q 89.¼&.

2-2. ���� �� 
�

89: ���� �Cl�m���[aluminum isopropoxide,Al(OC3H7)3]

O �2* �P�5(hydrolysis) � ��867(polycondensation), ×9

(aging)[10] {?" 5�67(peptization)[11] 2E� µ5 3Þ+ ��

��[γ-AlO(OH), boehmite] º� 89.¼&.

Fig. 4	 ���� º 89* �E ó]L�", Table 2	 ���� º

89� �� 67,-� �T� j�&. ���� º[γ-AlO(OH)]* �

���� S+ ���� �Cl�m���[Fluka AIP, Al(OC3H7)3,

Fluka Chemie AG]O ¥ Ä�/� 89� ���� �Cl�m���

q �+.¼$%, 67/ �+!	 �= � �æ�: NxPq �+.

¼&. 67= �æ,q �+.
 67Vz* �* æLq <E æL�

Table 1. Synthetic condition of aluminum isopropoxide by addition of
various catalysts

Type of catalyst Al(mol) C3H7OH(mol) Catalyst(mol)

HgCl2 1 4 10−3

I2 1 4 10−3

HgI2 1 4 10−3

FeCl3 1 4 10−3

Fig. 4. Flowchart of γγγγ-AlO(OH) sol synthesis.

Table 2. Synthetic condition of γγγγ-AlO(OH) sol

Starting material
AIP

(mol)
H2O
(mol)

HCl/Al
(mol)

Aging time
(hr)

Fluka AIP 1 100 0.07 0
1 100 0.07 24
1 100 0.07 72

AIP by seonam 
(HgCl2)

1 100 0.07 0
1 100 0.07 24
1 100 0.07 72

AIP by seonam
(I2)

1 100 0.07 0
1 100 0.07 24
1 100 0.07 72

AIP by seonam
(HgI2)

1 100 0.07 0
1 100 0.07 24
1 100 0.07 72

AIP by seonam
(FeCl3)

1 100 0.07 0
1 100 0.07 24
1 100 0.07 72
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002



374 ���������	
���
������
���������
�
T  è, 67�k ���� �Cl�m���q r�.
, 1,000

RPM$� !£� �6.¼&. �� ���� �Cl�m���* !§

�P�5672 ��8671L	 67æL 90oC, 67T� 30�$�

;E.� "E.¼&. �è/ ^_!	 ×9�E= 96oC æL ,-/

� ×9T�� ��TUÚ� ^_Tê&. ×9è uF^ +t= Î¬�

7": SÍ� ÝL� �¢ ���� +t� Ê�� 9²9� #V�

F
� :&. ¦¯� ���� +t� Ê�� 9²9� #L� <E �

$L(0.07%¶ HCl/Al)q �.
 5�67� µ5 Î¬� �� ªE:

���� º� �®<$� 89.¼&[15, 16].

3. � �

&'� (),-./� 89: ���� �Cl�m���[Al(OC3H7)3]

�³* �9� �e.V �.
 &&2 A= � �e� P_.¼&. �

��� �Cl�m���* �EL	 X»âØ �eV(X-ray diffraction

analyzer, Rigaku)/ *5 CuKα Filter, scanning speed 2o/min, 30 kV, 20 mA,

10o'2θ'90o scanning range �e,-/� �e.¼&. �� ����

�Cl�m���* X,z �8Vq �e.V �.
 t� <(» )

¸�e(FTS-60, BIO-RAD)� 400-4,000 cm−1 ÑP ¹�/� �e.¼

$%, �� +)� �a�ÿCq �+.¼&. �� 89: ���� �

����* Al ��� Ãk� �.
 27Al magic angle spinning NMR

(200 MHz Solid-State NMR Spectrometer B, Unity Inova 200, Varian�, ¬

V½: 4.7 Tesla, max. spinning rate: 6 kHz)� �e.¼&. NMR �e/

�+� j���= 0.1 M Al(NO3)3 P+t$� ́ E� SÍ/� chemical

shift� �g* �\
 static mode/� 3 kHz, 6 kHz\
 scanning .¼

&. �� 89� ���� �Cl�m���* yL �e� �.
 Fig.

5* Ø+/ *í.
 +) ,� è, micro-filtering2 -,2E� í�

J�q 
E.
 yL �e� P_.¼&.

���� �Cl�m���q �+.
 89� ���� º[γ-AlO(OH)]

Î¬* jÚ�9� �e.V �.
 light scattering� �+� �gÜ-

. 
E ½á(Zetasizer 3,000, Malvern instrument ltd., U.K., 10 mW ó

�¸B* He-Ne laser, Wavelength 633 nm, Zetapotential measurement

size range 5-3,000 nm)q �+.¼$%, �e= 0.1 N KCl P+t/ 0.1 g

�· γ-AlO(OH) TÓq ��T  è, KOHO HCl Û5�� r�.


pHq ��TUÚ� pH/ ¦§ �gÛ�q �e.¼&.

4. 	
 � �


4-1. ���� ����	
��� 
�

Al 012 �Cl�p�34� 67�� �+.
 () �+ ,-.

/� +567� ^_TU", �è/ vwNx �E/ *5 yP� �

��� �Cl�m���q 89.¼&.

/ ó]k +567 T�= �+� ()* ®x/ ¦¯ Table 3/�

´	 ïO A� 3-48T�/ 0� +567� ��F1&. � �2/� ́

Ú a�P=, b`�, b`��P= ()� 3-4T�/� +567� Á2

	Ó!�", a���c ()	 48T� è/ +567� 	Ó!�&. +

567T�= I2<HgI2<HgCl2<FeCl3 () y$� N�!F �g3&.

�� +567 è, �®<$� vwNx* �?E� 2E� í4 �

��� �Cl�m���* PQ� 
E� �2, I2<HgI2<HgCl2<FeCl3
() y$� � 90% Ûè� 88.8-91.5% ¹�/� +567 T�� 5P

� PQ� RS!" #&� � P #&. {�� 
V� 89PQ� 91.5%

* 89PQ/� 6 �S* N�q ´�
 Ì� Bk= 7D²* Al 0

1 jÚ/ ��n
q �5 8?: ´9�� ���� �Cl�m��

� 89/ �y�� �+.
 89PQ� :F;?	 �$� þó:&.

Table 4	 �®<$� 89: ���� �Cl�m���/ i� y

L �e �2�&. � �e �2/� ´Ú S+ T�k Fluka� ���

� �Cl�m���(�97%, Fluka)* ��, 97.6%* yLq ´¼$%,

¥ Ä�� µ5 u= ���� �Cl�m���* ��, 95.5-97.4%

yLq ´¼&. 1â* vw Nx* �? �EK$� � 97% z(* y

L�e �2q ´¼$�� ,�<k �? E�� ��F^&Ú "yL

* T� �,	 Ê�� �Ù.?¯ |ò:&.

vwNx 2E/� ��� uF
	 ��� T±² +5: ����

�Cl�m���(sirupy and molten aluminum isopropoxide)	 P; <

ª* M� �E�(slow crystallization) 2E� íáÚ� 2ñò!F "

� �³² ���� �Cl�m���� Û=:&. Mehrotra[17]/ *

.Ú >?/ +5: T±² +5: ���� �Cl�m���* �¬

· 
E �2, @A �8* EL	 2.83$� d� B·�(trimer) X,q

�
% M� �E�/ *5 ��� [�ç 2E� íáÚ� �·�

(tetramer) X,* ��* "� �³S* ���� �Cl�m���

(solid aluminum isopropoxide)� Û=:&" .¼&. �� Bradley[18]

	 ï� NxTs u= ��� T±² +5: ���� �Cl�m�

��* ��, ��P� 4/� 6$� N�.
 �¬·� ��� N�.

" #&	 �Ä� �ª.¼&.

¥ Ä�/� 89� ���� �Cl�m��� Î¬* X,q �e

.V �.
 27Al MAS NMR �e� P_� �2, Fig. 6/� ´	 ï

O A� 89: ÁC ���� �Cl�m���	 0 ppm/� chemical

shift� �g3$%, �	 Bradley[18]� �ª� ïO A� 6��* Al

���q �
" #&� � P #�&.

Fig. 7= 89: ���� �Cl�m���* X» âØ�e�2qFig. 5. Flowchart of aluminum isopropoxide purity analysis.

Table 3. Result of aluminum isopropoxide synthesis by the addition of
various catalysts

Catalyst Solution reaction time(hr/min) Yield(%)

HgCl2 3/40 91.1
I2 3 88.8

HgI2 3/20 89.1
FeCl3 48 91.5

Table 4. Purity of aluminum isopropoxide synthesized by various catalysts

Catalyst Purity(known) Purity(measuring)

Fluka �97% 97.6%
HgCl2 - 95.5%

I2 - 96.4%
HgI2 - 97.4%
FeCl3 - 97.1%
���� �40� �3� 2002� 6�
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S+ Fluka� T�2 ¶�.
 �gã �2� Fluka�* S+ ����

�Cl�m���O ¥ Ä�/� 89� ���� �Cl�m����

<;� �EX,q �
" #&� � P #�&.

Fig. 8= t� <(» )¸ �e�2� S+ Fluka� T�2 89�

���� �Cl�m���* �8V* ®x� ;á." #&� � P

#�&.

4-2. ���� �� 
�

Ö* WX[10-13]/� ×9� ���� º Î¬* �EL* N�O ¶

jÚ<* vC, V�DV* N�O A= ��X, �9/ �i� ¨R

� �á" #&� EF", ��� º/� ��* ���� º/ �£V

\
 ÎL* ,Ø2 ¸�< �9� º �, �E ó]� ×9/ *.


E·<$� ,Ø �ÙÅ� ´¼&. ¥ WX/�	 ;Ð* WX�� º

�, 2ET ×9/ *� jÚ�9* ¨R� "©."¬ .¼&.

jÚ�9� "©.V �5� 89� ���� º Î¬* �gÜ-.

� �e.¼&. �gÜ-.= º* jÚ �/ |9: ÛV ��G* 2

H/�* jÚÛ�� ¥ Ä�/� ×9/ ¦§ ���� º Î¬* �

gÜ-.� pHq ��Ts�% 
E� �2, Fig. 9O Table 5/� ´k

ïO A� ×9/ ¦¯ hÛÝ� vC.	 �� � P #�&. hÛÝ

= Î¬q ��	 �EX,, P�SÍ, �y�* ' h/ ¦¯ I¯
	

ì, � hÛÝ� V�$� pH<hÛÝk ¨J/�	 (+) Û.q �
",

pH> hÛÝk ¨J/�	 (-) Û.q �^&. �� hÛÝ/� jÚÛ

Fig. 6. 27Al-MAS-NMR spectrum of aluminum isopropoxide.

Fig. 7. XRD patterns of aluminum isopropoxides.

Fig. 8. FT-IR curves of aluminum isopropoxides.

Fig. 9. Zetapotential curves of γγγγ-AlO(OH) prepared by Fluka aluminum
isopropoxide according to aging time.
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Table 5. Surface properties of γγγγ-AlO(OH) sol according to the aging time

Samples Aging time(hr)
pH at 25oC after 

peptization
IEP

γ-AlO(OH) sol by 
fluka AIP

0
24
72

4.06
3.62
3.46

9.55
9.21
9.00

γ-AlO(OH) sol by
seonam(HgCl2) AIP

0
24
72

3.98
3.68
3.64

9.55
9.38
9.31

γ-AlO(OH) sol by
seonam(I2) AIP

0
24
72

3.95
3.64
3.43

9.65
9.50
9.45

γ-AlO(OH) sol by
seonam(HgI2) AIP

0
24
72

4.11
3.74
3.60

9.95
9.48
9.11

γ-AlO(OH) sol by
seonam(FeCl3) AIP

0
24
72

4.06
3.80
3.59

9.32
9.20
9.11
���� �40� �3� 2002� 6�
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