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Abstract: 
The catalyst used for partial oxidation of ethylene to ethylene oxide is Ag/á-Al2O3 which its physicochemical properties, 

i.e., surface area, pore volume, silver contents and their dispersion profoundly affect its catalytic performance. In this 
research, alpha alumina as catalyst support with surface area and pore volume of 0.5- 1.2 m2 g-1 and 0.11� 0.2 ml g-1, were 
prepared by physical mixing, grinding, extrusion and calcination. The deposition method of silver metal on catalyst support 
and the use of alkali metal during the catalyst preparation affect the silver particle dispersion on catalyst. In this work wet-
impregnation method was used for catalyst preparation. Silver particles size, their percent dispersion and contents were 
determined using transmission electron microscope (TEM), x-ray diffraction (XRD) and atomic absorption (AA). Results 
showed that the catalyst prepared in this work with the same silver content had higher silver percent dispersion compare to 
the commercial type catalyst. Silver content, silver percent dispersion and silver particles size for catalyst prepared in this 
work and the commercial catalyst were in the range of, 5.25-14.30, 14.3 wt%; 34.40-19.61, 4.31 % and 67.3-112.1, 90.3 nm. 
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  ÄG°298K= -1315 kJ/mol      
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ÄG°298K = -404 kJ/mol            
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1 � Pore filling agent 
2 � Kneader 
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ÃZ´f�{�� ÉZÅQuantasorb�� ÁASAP2000�¾ÌÌ e�|¿|�� ���Y
��Á� XRD³|À¯Y�a�,Ê·Zf�Ë�¯��Z§�¾ÌÌ e�ÉY�]�cY�}�Ã�Y|¿Y�Á�Ê

�|��Ã{Z¨f�Y�Ã�¬¿����������Ê¿Á�f°·Y�_Â°�Á�°Ì»��Y�Ã{Z¨f�Y�Z]
É�Â^���Ê³|À¯Y�a��Y�«�Ê���]� {�Â»� ZÆ¿M� Ã�Y|¿Y� �Ì¿� Á� Ã�¬¿�cY�}
|Àf§�³���

                                                 
1- Rotary evaporator 

Merck, laboratory grade �Z¨·MZÀÌ»Â·M 

Aldrich, laboratory grade �·Â¸��¶Ìf»�¶ÌaÁ�a�Ê�¯Á�|ÌÅ 

Sasol, Pural SB dÌ¼ÅÂ]Á{Â� 

��»�����  Êf¨¿�®¯ 

Merck dÌ§Y�³ 

Merck, laboratory grade cY�fÌ¿�Ã�¬¿ 

Aldrich, laboratory grade Ä]MÁ{�|Ì�Y�®Ì·Y�³Y 

Aldrich, laboratory grade ¾Ì»M�É{�¾¸ÌeY 

Aldrich, laboratory grade |Ì�¯Á�|ÌÅ�ºË�� 

��
Ä¿Â¼¿ 

cZ^Ì¯�e�Ê¿�Á�|��{ 

�Z¨·M
ZÀÌ»Â·M 

dÌ¼ÅÂ]Á{Â��� �®¯
Êf¨¿ 

�Ê�¯Á�|ÌÅ
�¶Ìf»�¶ÌaÁ�a

�·Â¸� 

dÌ§Y�³ 

A1 �
�� ��
���� �
� ��
� - 

A2 ���� �� �� � - 

A3 �� �� �� � � 
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� �

 

�¶°����¦·Y�,~§ZÀ»�ºnu�Ê³|À¯Y�a��[��Á�É�Zne�ÄËZa��Ã|��ÄfyZ��ÄËZa� �
��

µÁ|m�����YÂy�ÄËZa�Ê°Ë�Ì§�Ã|��ÄfyZ��ÉZÅ��
Ê°Ë�Ì§��YÂy��Ä¿Â¼¿��

�~§ZÀ»�ºnu  �ml g-1����t���duZ�»�m2 g-1���
��
����
� A1 

��
� �
���A2 

�
� �
� A3 

��

µÁ|m����YÂy��Ê°Ë�Ì§���ÄËZa�ÊËZÌ¼Ì��|Ì�¯Y�¾¸ÌeY�d�Ì·ZeZ¯�Ã|��ÄfyZ��Á�É�Zne�ÉZÅ��
ÄËZa��Â¿��µÂ���

�mm���
Êm�Zy��«��

�mm���
Ê¸yY{���«��

�mm���
�duZ�»
t����

�m2 g-1���

�ºnu
~§ZÀ»��

�ml g-1���

É�ÅZ��¶°���Ê·Zf�Ë�¯��Z§��
(XRD) 

É�Zne����
�����
�����
�����
� ��
� Ä¿YÂf�Y��Ê·ZyÂe��Z¨·M��ZÀÌ»Â·M��
Ã|��ÄfyZ�����
�����
� ��
� ��
� ��
� Ê·ZyÂe�Ä¿YÂf�Y��Z¨·M��ZÀÌ»Â·M��

��
��
���lËZf¿�Á�hv]��

,d�Ì·ZeZ¯�¾¸ÌeY�d�Ì·ZeZ¯�ÄËZa�Ê°Ë�Ì§��YÂy����ZÌ/�]��¬¿
���{�Y{�|Ì/�¯Y�¾¸Ì/eY��À/¯YÁ��{�É�iR»������,|Ì/�¯Y�¾¸Ì/eY��À/¯YÁ

Ê»�¾¸ÌeY�ÊW�m�½ÂÌ�Y|Ì�¯Y��À¯YÁ��Â¿�¾ËY��{�Á�|�Z]����½Z/»��Z/Å
Ä¿Â³�d»Z«Y��d/»ÁZ¬»�Á�d�Ì·ZeZ¯�t���ÉÁ���]��À¯YÁ�ÉZÅ���ÉZ/Å
¾ÌÌ e�,}Â¨¿���Ê/»��À/¯YÁ�cÓÂ�v»�Ã|ÀÀ¯���|/�Z]����������ÅZ/¯

d»ÁZ¬»��ÉZÅ�f»Y�Za��Y�}Â¨¿�ÉZÅ���½Z»|/¿Y���ËY�/§Y�dÆm��{��iR»
Ê»�|Ì�¯Y�¾¸ÌeY�|Ì·Âe�ÉY�]�|ÀËM�§�|�Z]������/�«�Ã�Y|/¿Y��{��ËY�§Y

Ê»�}Â¨¿�Ä]�d»ÁZ¬»��ÅZ¯�Ä]��nÀ»�,~§ZÀ»�{Â���½Z¼Å���{�Ä¯��Â���
��

��
�¶°���Ê»�Ã|ÅZ�»�Ã�¨u�Ã{Á|v»��{�~§ZÀ»���«�Ã�Y|¿Y�,{Â���ÉZÅ

Ê»�±��]�]�ZË�Á�}Â¨¿�Ä]�d»ÁZ¬»�,�ËY���¾ËY��{�Ä¯�|�Z]��c�Z/^��Ä
µÂ°·Â»�d»Z«Y�½Z»���´Ë{�Ê»��ÅZ¯�0Y|Ë|��,~§ZÀ»��{�ZÅ��|/]ZË����{

�µÁ|m��ÄËZa�Ê°Ë�Ì§�cZ�z�»�����{�Ä/¯�cÁZ/¨f»�Êf�Ì·ZeZ¯�ÉZÅ
��Ã|/��Ã{Y{�½Z/�¿�|��ÄfyZ��ªÌ¬ve�¾ËYY�|/¿����YÂ/y���Á�Ê/°Ë�Ì§

�Ä¿Â¼¿�ÊËZÌ¼Ì�A3�ºÅÊ¿YÂy������É�Z/ne�d/�Ì·ZeZ¯�Ä/ËZa�Z/]�Ê]Ây
�{�Y{��µÁ|m�����

�f»Y�Za��Y�Ê°Ë�Á�t���duZ�»�¾f§�³��Y�«�Ä]��nÀ»�Ä¯�ÊËZÅ
Ê»�©Â§� Ã{Á|v»��{�~§ZÀ»�ºnu��Ê³|À¯Y�a� Á�~§ZÀ»� Ã�Y|¿Y� ,{Â�

�·Y¦�  ��[�  
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d�Y�ZÆ¿M������ÊWZn¿M��Y��~§ZÀ»�Ã�Y|¿Y�É�Z»M�Ê³|À¯Y�a�Ä¯��¶°�
���¨u�Ã�Y|¿Y�½{Â]�±��]��Y�Ê¯Zu�,ÃÅÃ{Y{�¾ËY� ,d�Y�Z��lËZf¿� ,ZÅ

|ÌWPe�Y��t���Á�~§ZÀ»�ºnu�ÉY�]�Ã|»M�d�|]�Ê»�|À¯������
� Ä �Y� �Y�a� ÉÂ´·YX�d�Ì·ZeZ¯� ÉY�]���Á� Êe�Zne� ÄËZa� Z]

¶°���{�ªÌ¬ve�¾ËY��{�Ã|��ÄfyZ���ÉZÅ���Á���Ã{Y{�½Z�¿��Ã|�

�d�Y� ��ÊËZ�ZÀ��Ã�¬¿� Á� ZÀÌ»Â·M�Ê·Zf�Ë�¯�ÉZÅ�Z§� ,ZÅÂ´·Y�¾ËY� �{
�Ê³|À¯Y�a�Á�Ã�¬¿�cY�}�Ã�Y|¿Y�Ä^�Zv»�ÉY�]�ZÅÂ´·Y�¾ËY��Y�Á�|¿|�

�Ã{Z¨f�Y�ZÆ¿M�Ã|����d�Y���������� �

�
�
�

�
�
�

� �
�¶°�����Ä �Y��Y�a�ÉÂ´·YX�d�Ì·ZeZ¯�Ä¿Â¼¿��{�Ã�¬¿�½Y�Ì»�,Êe�Zne�ÄËZa�Z]�Ã|��ÄÌÆe�ÉZÅ��ÉZÅN1�,N2,N3 ��Á N4\Ìe�e�Ä]� �

��
���,��
��,��
����Á��
���|�Z]�Ê»�Ê¿�Á�|��{���d�Ì·ZeZ¯N4��ÉÁZu��
��|�Z]�Ê»�Ì¿�ºË���Ê¿�Á�|��{�� �
� �
� �

� �
�¶°�����Ä �Y��Y�a�ÉÂ´·YX�d�Ì·ZeZ¯��Ä¿Â¼¿��{�Ã�¬¿�½Y�Ì»�,Ã|��ÄfyZ��ÄËZa�Z]�Ã|��ÄÌÆe�ÉZÅM1�Á � M2�\Ìe�e�Ä]��
���Á��
���

|�Z]�Ê»�Ê¿�Á�|��{���d�Ì·ZeZ¯M2��ÉÁZu��
��|�Z]�Ê»��Ì¿�ºË���Ê¿�Á�|��{�� �
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�YÂy�d�Ì·ZeZ¯�ÊËZÌ¼Ì��Á�Ê°Ë�Ì§�{Z¨f�Y�Z]�Ã|��ÄÌÆe�ÉZÅ��Y�Ã
ÄËZa�d�Ì·ZeZ¯��Ì¿�Á�Êe�Zne�Á�Ã|��ÄfyZ��ÉZÅ���\Ìe�e�Ä]�Êe�Zne

µÁ|m��{�ÉZÅ��,��Á��Ã|��Ã{Y{�½Z�¿Y|¿��½Z¼Å��¾ËY��{�Ä¯��Â�
Ê»� Ã|ÅZ�»� µÁY|m�� Ã�¬¿� |��{��ËY�§Y� ,{Â�Ä]� �nÀ»���ËY�§Y

� Ã|��ZÆ¿M�Ê³|À¯Y�a��ÅZ¯�Á�Ã�¬¿�cY�}�Ã�Y|¿Y�d�Y� ���Y� Ã{Z¨f�Y
ÂÀ��Ä]�ºË���º¯��Ë{Z¬»�,Ã|ÀÅ{�Z¬e�Y�½Yh�Z]��ÉY�]�Êfu�Ä¯�|�

�Á��ÅZ¯�Ã�¬¿�cY�}�Ã�Y|¿Y�,ÄËZa�t���ÉÁ���]�Ã�¬¿�{ZË��ÉZÅ|��{
|]ZË��ËY�§Y� ZÆ¿M�Ê³|À¯Y�a� ��ÄfyZ��ÄËZa�ÉY�]�Ã|»M�d�|]�lËZf¿

�¶Ì·|]�cÁZ¨e�¾ËY�Ä¯�d�Y��fÆ]�Êe�Zne�ÄËZa� Z]�Ä�ËZ¬»��{� Ã|�
Ê»�Ã|��ÄfyZ��ÄËZa�t���Á�~§ZÀ»�Ã�Y|¿Y�Ê³|À¯Y�a�|�Z]���
d�Ì·ZeZ¯� ÉY�]� Ã�¬¿� cY�}� Ã�Y|¿Y� Á� Ê³|À¯Y�a��ÄfyZ�� ÉZÅ

��{�Ã�¬¿�cÁZ¨f»�½Y�Ì»� Z]�Êe�Zne�Á�Ã|�¼¿Â�Y{��Ê¿Âf����½Z�¿

d�Y� Ã|�� Ã{Y{� �½Z¼Å�¶°�� ¾ËY� �{� Ä¯� Ä¿Â³�Ê»� Ã|Ë{� ZÅ��,{Â�
d�Ì·ZeZ¯��ÉÓZ]�Ê³|À¯Y�a�ÉY�Y{�Êe�Zne�ÄËZa�Z]�Ã|��ÄfyZ��ÉZÅ
Ê»�Ã�¬¿��|�Z]� N4��N1� � ��f¿�Ê³|À¯Y�a�Ä�ËZ¬»� �Y�¶�Zu�lËZ

Ä¿Â¼¿�¹Z¼e�ÉY�]�Ã�¬¿�cY�}��½Z�°Ë�Ã�¬¿�½Y�Ì»�Z]��ZÅ����|���{��
��Y� Ã{Z¨f�Y� Z]�ªÌ¬ve�¾ËY� �{� Ã|��ÄÌÆe�d�Ì·ZeZ¯� Ä¯� {Y{�½Z�¿

{�Y{� Y�� Ã�¬¿� cY�}� Ê³|À¯Y�a� ¾Ë�eÓZ]� Ã|�� ÄfyZ�� ÄËZa,��Á
½Z¼Å�{Á�§Y�Z]�Ã�¬¿�½Z�°Ë��Ë{Z¬»��{�{Â��Ê»�Ã|ÅZ�»�Ä¯�Ä¿Â³�½

É�ZfyZ��Ã|ÀÅ{�LZ¬e�Y�½YÂÀ��Ä]�ºË����������cY�}�Ê³|À¯Y�a�,
d�Y� Äf§ZË��ËY�§Y� Ã�¬¿� ��É�Â^�� Ê¿Á�f°·Y� _Â°�Á�°Ì»� �ËÁZ�e

d�Ì·ZeZ¯�ÉY�]�ÉZÅM2 ��ÁN4 ��¶°���{��Ã|��Ã{Y{�½Z�¿|¿Y��
�ZÆ¿M�Ê³|À¯Y�a��Ì¿�Á�Ã�¬¿�cY�}�Ã�Y|¿Y��Y�Ä¸�Zu�lËZf¿�,�ËÁZ�e�¾ËY

�Ä �Y��Y�a��Á��Z]�Ä¯�Y�X�ËPe�Y��Ã|»M�d�|]Ê»�|Ì�À¯À|����
� �
�

�µÁ|m����YÂy�d�Ì·ZeZ¯�ÊËZÌ¼Ì��Á�Ê°Ë�Ì§�É�Zne�ÄËZa��Y�Ã{Z¨f�Y�Z]�Ã|��ÄfyZ��¾¸ÌeY�|Ì�¯Y�ÉZÅ��
d�Ì·ZeZ¯�¹Z¿��

 

Ã�¬¿�Ê¿�Á�|��{��
 

ºË���Ê¿�Á�|��{��
 

t���duZ�»��
(m2 g-1)��

Ã�¬¿�Ê³|À¯Y�a��
�%D� 

Ã�¬¿�cY�}�Ã�Y|¿Y� �
��nm���

N1����
� ��
� ��
�����
�� �
�� 

N2 ��
� ��
� ��
� ��
�� �
�� 

N3 ��
�� ��
� ��
� ��
�� �
��� 

N4����
�� ��
� ��
� ��
�� �
�� 

� �
 

�µÁ|m����YÂy�d�Ì·ZeZ¯�ÊËZÌ¼Ì��Á�Ê°Ë�Ì§�Ã|��ÄfyZ��ÄËZa��Y�Ã{Z¨f�Y�Z]�Ã|��ÄÌÆe�¾¸ÌeY�|Ì�¯Y�ÉZÅ  

d�Ì·ZeZ¯�¹Z¿ 
Ã�¬¿�Ê¿�Á�|��{ 

 

ºË���Ê¿�Á�|��{ 

 

t���duZ�» 

(m2 g-1) 

Ã�¬¿�Ê³|À¯Y�a 

�%D� 

cY�}�Ã�Y|¿Y�Ã�¬¿  

�nm� 

Dϭ ��
�  ��
�  ��
�  ��
��  �
��  

DϮ ��
��  ��
�  ��
�  ��
��  �
���  

� �
 

 
( T ) �µÁ|m����YÂy�É�Zne�d�Ì·ZeZ¯�ÊËZÌ¼Ì��Á�Ê°Ë�Ì§       

t���duZ�» 
�mϮ g-ϭ� 

�Ã�¬¿�Ê¿�Á�|��{ 
 

Ã�¬¿�Ê³|À¯Y�a 
�%D� 

Ã�¬¿�cY�}�Ã�Y|¿Y 
 �nm� 

��
�  �
��  ��
�  �
��  
� �
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b) 

1000 nm 200 nm 200 nm 

1000 nm 

� �

� �
� �
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 � �

 

� �

�¦·Y� 

  

�[� 

�� �
�¶°����d�Ì·ZeZ¯�É�Â^��Ê¿Á�f°·Y�_Â°�Á�°Ì»��ËÁZ�e�¦·Y�,ÉZÅ� �ϭ N4�[� M2� �

� �
� �

� �

�¶°������d�Ì·ZeZ¯��{�Ã�¬¿�cY�}�Ã�Y|¿Y��Á�Ê³|À¯Y�a�Ê¿Âf���Y{Â¼¿��É�Zne�d�Ì·ZeZ¯�Á�Ã|��ÄfyZ��ÉZÅ��Ä¿Â¼¿T�� �

�ϲ
̳Ϊ
Ϩϛ
΍ή
̡

�ϩ
ήϘ
ϧ
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�

 

200 nm 
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���É�Ì³�ÄnÌf¿��
������Ê°Ë�Ì§��YÂy� ,Ä¯� {Y{� ½Z�¿� ªÌ¬ve� ¾ËY� �{� ¶�Zu� lËZf¿

��{�É�iR»��¬¿�,½M�ÉÁ���]�Ã�¬¿��¸§�tÌ¬¸e��Á��Á�d�Ì·ZeZ¯�ÄËZa
{�Y{� |Ì�¯Y� ¾¸ÌeY� d�Ì·ZeZ¯� ÄÌÆe� �Ã{Z¨f�Y� Z]��\�ZÀ»��Á�� �Y

� ªÌ¬ve� ¾ËY� �{� Ã|�� ÄÌÆe� d�Ì·ZeZ¯� ,tÌ¬¸e�YÂy�� Ê°Ë�Ì§�
�ÉZËÂ³� Ä¯� ,{�Y{� É�Zne� d�Ì·ZeZ¯� Ä]� d^�¿� É�fÆ]� ÊËZÌ¼Ì�

{Â]� |ÅYÂy� �Ì¿� |ÀËM�§� �{�[Ây�É{�°¸¼�� ��ÄËZa�ªÌ¬ve�¾ËY� �{
\Ìe�e�Ä]�~§ZÀ»�ºnu�Á�t���duZ�»�Z]�d�Ì·ZeZ¯ m2 g-1 �
��

� Á ml g-1�
��Z]��b�� Á� |�� ÄfyZ���tÌ¬¸e��Á�� �Y� Ã{Z¨f�Y
|��ÄfyZ��ÊËZÆ¿�d�Ì·ZeZ¯���,ªÌ¬ve�¾ËY��{�Ã|��ÄÌÆe�d�Ì·ZeZ¯

�ÉY�Y{� ,½Z�°Ë� Ã�¬¿� ½Y�Ì»� Z]� Êe�Zne� d�Ì·ZeZ¯� Z]� Ä�ËZ¬»� �{
d�Y�Ã�¬¿�cY�}��Y�É�f�Ì]�Ê³|À¯Y�a�|��{���|��{�,Ã�¬¿�½Y�Ì»

�¾ËY��{�Ã|��ÄÌÆe�d�Ì·ZeZ¯��{�Ã�¬¿�cY�}�Ã�Y|¿Y�Á�Ã�¬¿�Ê³|À¯Y�a
Ì¬ve� Ã{Á|v»� �{� Êe�Zne� d�Ì·ZeZ¯� Á� ª��
�����
��,
�
���-Ê¿�Á�|��{��
�����
����,��
����Á�|��{�
�����
���,
�
���f»Â¿Z¿|Àf�Å� �� �³|À¯Y�a� ,ºË��� ½{Á�§Y� Z]�Ã�¬¿� cY�}� Ê

d�Y�Äf§ZË��ËY�§Y���d�Y�Ã{Y{�½Z�¿�cZ¬Ì¬ve�lËZf¿����������Ä¯
·M�t���Z]�Ã�¬¿�ÉZÆ·Zf�Ë�¯�µZ�eY�¶»Z��½YÂÀ ]�ºË���¶¼��ZÀÌ»Â

dyYÂÀ°Ë�Á��f�Ì]�Ê��Âa�Z]�Êv���|Ì·Âe�Ä]��nÀ»�Á�|À¯�Ê»���e
Ê»� Ã�¬¿� ÉZÆ·Zf�Ë�¯� �Y��LZ¬e�Y� ®Ë� ½YÂÀ ]� ºË��� ¾ËY�]ZÀ]� ,{Â�

��{�Ã|ÀÅ{�Z¯�Á��Z��ÊÅ{�[Â����t���ÉÁ��]�Ã�¬¿�ÉZÆ·Zf�Ë�¯
|�Z]�Ê»��iÂ»�ZÀÌ»Â·M����

� �
�mY�» 

[1] Jankowiak, J. T. and Barteau, M. A."Journal of 
catalysis �� , 236(2) pp.366, 2005. 
[2] Kim, Y. Ch., Park, J. S., Lee, S. R., Lee, Y. J. 
and Moon, D. J. �catalysis today�, 87, pp. 153, 2003. 
 [3] Leach, B. E. �Applied industrial catalysis", 
vol.1, academic press, 1983. 
�[4] Sajkowski, D. J. and Budart, M.  
 "catalysis review science engineering", 29, pp. 325, 
1987. 
[5] Mao, Ch. F. and Vannic, M. A. "Applied 
catalysis A: General",122 ,pp. 61, 1995. 
[6] Lee, J. L., Verykios, X. E. and Pitchai "Applied 
catalysis", 44, pp. 223, 1988. 
[7] Fotopoulos, A. P. and Triantafyllidis, K. S. 
�catalysis today´, 127(1-4), pp. 148, 2007. 
[8] Pak, S. US patent 0062556A1 (2009). 
[9] Xiaohong, Y. and Shi,Z., "Applied catalysis A", 
92, pp. 73, 1992. 
 [10] Epling, W. S., Hoflund, G.B. and Minahan, 
D.M. "Journal of catalysis", 171, pp. 490, 1997. 
[11] Grant, R. B. and Lambert, R. M., "Langmuir", 
1, pp. 29, 1985. 
[12] Tan, S. A., Grant, R. B. and Lambert, R. M. 
"Journal of catalysis", 106, pp. 54, 1987. 

[13] Kitson, M. and Lambert, R.M." surface 
science",109, pp.60, 1981. 
[14] Monnier, J.R., Stavinoha, J.L. and Minga, R.L. 
�Journal of catalysis´, 226, pp.401, 2004. 
[15] Cullity, B.D., "Elements of x-ray powder 
diffraction", Addison-wasley, 1978. 

]�� [ºÌÅY�]Y� ,É�^À«� ,Ê¸�|¼v»� ,{Y�¿�Z��� ,½Y�»Z¯� ,É|¼uY ��Á
�,Ä·Y�°��,Z«M�½Zy�ve�Ä»ZÀ¸�§ªÌ¬��,���Ã�Z¼��,����ÌWZa�,�������

[17] Ayame, A., Uchida, Y., Ono, H., Miyamoto,  
M., Sato, T. and Hayasaka, H. "Applied Catalysis A: 
General" 244, pp.59, 2003. 
 [18] Epling, W.S., Hoflund, G. B. and Minahan, D. 
M. "J. Catal." 171, pp.490, 1997. 
[19] Grant, R. B. and Lambert, R. M. "Langmuir" 1, 
29, 1985. 
[20] Tan, S. A., Grant, R. B. and Lambert, R. M. "J. 
Catal." 106, pp. 54,1987. 
[21] M. Kitson and R. M. Lambert, "Surf. Sci." 109, 
pp. 60, 1981. 
[22] J. R. Monnier, J. L. Stavinoha Jr., and R. L. 
Minga, "J. Catal." 226, pp.401, 2004. 
[23] Minahan, D. M., Hoflund, G. B., Epling, W. S. 
and Schoenfeld, D. W. "J. Catal." 168, pp.393, 1997. 
[24] Sajkowski, D. J. and Boudart, M. "Catal. Rev. 
Sci. Eng." 29, pp.325, 1987. 
 


