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Solvothermal reaction of aluminum isopropoxide (AIP) at various amounts of starting material

in mineral oil at 300oC for 2 h gave χ-alumina showing high thermal stability while the reaction with 

higher amounts of starting AIP (30 and 40g) contributed contamination of pseudoboehmite. The thus-

obtained χ-alumina directly transformed into α-alumina completely at approximately 1400oC 

bypassing the other transition alumina phases whereas the contaminated product transformed to γ-

alumina through θ-alumina and finally α-alumina.  When silicon was doped in the alumina matrix (5, 

10, 20 and 50 at.%) using tetraethylorthosilicate as the Si precursor, χ-alumina was still observed 

without any contaminations at low concentration doping (5-20at.%).  Amorphous structure was 

obtained by doping 50at.% Si. The samples were characterized by x-ray diffraction, nitrogen 

adsorption, NH3 temperature programmed desorption (NH3-TPD) and electron microscopy (SEM and 

TEM). The resulting alumina nanopowders were composed of single-crystalline particles of χ-alumina 

structure with primary particle size between 9 to 10 nm for Si doping concentrations between 0 and 20 

at.%. 2 wt.% of Pd was impregnated on the prepared powder and commercial γ-alumina. All catalysts 

were tested for CH4 combustion reaction. Light off temperature reduced 50oC as the Si loading 

increased to 20at.%.  NH3-TPD results showed the increasing of acid sites as the Si loading increased.

Flame spray pyrolysis (FSP) was used for the synthesis of alumina in gas phase. Aluminum tri 

sec-  butoxide dissolved in xylene were used as precursor solutions. The aluminum concentration was 

0.5 M. The resulting nanostuctured materials were characterized by BET, XRD, TEM and SEM. The 

catalysts were tested for CH4 combustion. The specific surface area of FSP- derived Pd/Al2O3 was 

about 181 to 198 m2/g dependent on the palladium loading. However, increase of the liquid flow rate 

from 3 to 8 ml/min decreases specific surface areas from about  117 to 66 m2/g for γ-alumina. The Pd 

supported on FSP-made powder exhibited the lower light off temperature than the Pd/commercial 

alumina. The light off temperature decreased from 300 to 250oC dependent on methods of palladium 

loading.

Department of Chemical Engineering Graduate School, Silpakorn University Academic Year   2006  
Student's signature ........................................
Thesis Advisors' signature 1. ...........................  2. ...........................

 
 
 
 

 
 
 
 

 
 



�

47404202 : ������������	

����

������� :  ��������/��������
����/��
����
�����
�����/�������!����"�/������
�#����

 $��%���  #��#������  : 	�
�#
���&��	�
�'��!%(��	)(�������������'�	�


����
��*�+�	���&	,�&���������*��.  ��+�
��-�1�!%����������3�  : -�.'
.��	
  ��5��%�

(

'��
� &�� -�.'
. ������  ����%�.  77 *�1�.

�8�	�
�����������
����������������������
�
�	��'���"�
�!����"��+�������
#�9�#1�

;������
���������" 300°C ���� 2 ��"�����'1�����������"&�'�;*1�*=�>?������>��
������
1���(���"

�8�	�
����'�	�
���"�+�������
#�9�#1�(30 - 40 	
��) +��
�	W	�
����X[����� �!��'������ ���������

��"�'1+�����"������'�#
�����\����������������"�%(*$����
���(1400°C �'���̂-^��	�
����"������\�

����_"�	̂�����*
�!-������"����X[��+�����"������\�&	
�����������&��-^������\���#1���������

	̂����"+���\��������������;���"�%' ��_"��#������	������;��
��
1�������������(5, 10, 20 &�� 50 

��#����	���
���=�#�)�'�;�1�##
����������	#��\���
#�9�#1� ���������+�����
�	8���^�'��
��+�	

	�
����X[��������-����"���
���=�#�#"��(5-20 ��#����	���
���=�#�) �
��
1������
��k�+��'1��"	�


�#������	�50��#����	���
���=�#�#����^���'��!%(��	)(��'���3� XRD, N2-Adsorption, NH3-TPD 

&�� SEM, TEM -�����_9���"-����� ���������
�	�!'1����%$�
��#�������'�"���?"�&�'�

%(��	)(��
��
1���������������'����'��%$����^
�*�̂�� 9 >?� 10 ������#
 ���*
�!	�
�#������

	���"�����=��1�
�*�̂�� 0 >?� 20 ���
���=�#� �̂�� 2 ���
���=�#� ����9��*��	������'����?"��#
����'�	�


*�'!�#����^��&�����������	
'���	�
1� #���
^��8�	�
�����9�*�'�'��!'1���8�	�
����������!����"�

�%(*$���;�	�
�	�'�8�	�
����'�� 50°C ��_"�	�
���"��?9��������	�>?� 20 ���
���=�#� �?"�-���� NH3-TPD

&�'�>?�	�
���"��?9�����_9���"�����\�	
'��_"�	�
�#������	�
���"��?9�

��
����
�����
�����;�1;�	�
�#
�����������;�&	=���� ���������#
��!����	��'�;�

�������\���
������
�"�#1��
���(�����1��1������������ _� 0.5 ���#^���#
 #���
^��8�	�
����'��!

%(��	)(��'� BET, XRD, TEM, SEM #���
^��8�	�
����'��!'1���8�	�
����������!����"���^�	�� 

�_9���"-���������������"�#��������'������^��" 181 >?� 198 #�
����#
#̂�	
�� �?9����^	�!�
���
	�
�#�����

���'��� ��^���
	=#��	�
���"���#
��
=������
#�9�#1�+�	 3 >?� 8 �������#
#̂�����+����;*1�_9���"-���'+�	 

117 >?� 66 #�
����#
#̂�	
�� ���*
�!�%(*$���;�	�
�	�'�8�	�
������������ ����"�#
����'1;�&	=����+�

�1��	�̂����������	
'���	�
1� �'��%(*$���;�	�
�	�'�8�	�
���+��'+�	 300 >?� 250°C �?"��?9����^	�!

��3�	�
�#����������  

������������	

����    !�({�#��������   �*��������������	
              �|	�
�?	)� 2549

����_��_"���	�?	)�........................................

����_��_"���+�
��-�1�!%����������3�   1. ...........................  2. .............................

 
 
 
 

 
 
 
 

 
 



}

ACKNOWLEDGEMENTS

The author would like to express his sincere gratitude and appreciation to his 

advisor, Assistant Professor Okorn Mekasuwandumrong D.Eng., for his invaluable 

suggestions, encouragement during his study, and useful discussion throughout this 

research. Without the continuous guidance and comments from Assistant Professor 

Choowong Chaisuk D.Eng., this work would never have been achieved. In addition, 

the author would also be grateful to Dr. Weerawat Pataveekongka, as the chairman, 

and Dr.Akawat Sirisuk and Assistant Professor Bussarin Ksaprabutr Ph.D as the 

members of the thesis committee.  The  financial supports of Graduate School of 

Silpakorn University are gratefully acknowledged. The author is also expressed to 

Professor Piyasan Prasertdam D.Eng., for his invaluable suggestion and supports for 

equipment and instrument in Catalysis laboratory, Chulalongkorn University.  

Most of all, the author would like to express his highest gratitude to his 

parents who always pay attention to his all the times for their suggestions and have 

provided support and encouragements.  The most success of graduation is devoted to 

his parents.

Finally, the author wishes to thank the members of the Center of Excellence 

on Catalysis and Catalytic Reaction Engineering, Department of Chemical 

Engineering, Faculty of Engineering, Chulalongkorn University for their friendship 

and assistance. 

 
 
 
 

 
 
 
 

 
 




