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Comparing the effects of Ruthenium, Rhenium and 
potassium oxide on characterization and catalytic properties

 of cobalt catalyst in Fischer-Tropsch synthesis

M.Azizi  M.G. Ahangary  A.Karimi  A.Tavassoli

Abstract The best catalysts in the Fischer-Tropsch synthesis (FTS) are cobalt-based catalyst due to 
their higher activity, selectivity, and lifetime. An extensive study of FTS on alumina-supported cobalt 
catalysts promoted with different amounts of ruthenium, rhenium and potassium is reported. Up to 2 wt% 
of ruthenium and rhenium and 0.1 atomic ratio of potassium, are added to the catalyst by 
coimpregnation. The catalysts are characterized by different methods including: BET physisorption, X-
ray diffraction, hydrogen chemisorption, and temperature-programmed reduction and adsorption. The 
effect of promoters on cobalt oxide reduction, particle size distribution, dispersion of the cobalt, activity 
and selectivity of FTS is investigated. 1wt% Ru and 1.4wt% Re increased the activity of the catalyst by a 
factor of 2.8 and 2.5 respectively. Both promoters enhance the selectivity of Fischer-Tropsch synthesis 
towards the higher molecular weight hydrocarbons. However, the effect of Re is less pronounced. K 
increased the C5+ selectivity Co/Al2O3 catalyst by a factor of 1.7.

Key Words Fischer-Tropsch, Cobalt, Ruthenium, Rhenium, Potassium, Reducibility, Activity, C5+ 
Selectivity 
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���&k ��d&–d�a��W eD78 ��CF,� –e���o e7k– e7�C# ��Q� �{

i	�; O�gXRD 0*�-�#�1 Co/Al2O3 O7'G� (���`�
 �)����
 5�!#�����#�� 

i	�\ O�gXRD 0*�-�#�1 Co/Al2O3  O7'G� (���`�
 �)����
 5�!#������'3 ��*1�

   �1 �-�Qv�3 �4�           O47'G� ��	4�� �4) �C4)�� �4a�
 (

��'*��1�   04-�D1 ��*1� (�� �4�[17,18] .   �
�I'4�� �4)  =� 

 �444.)��Scherrer E��R �=��444�� B444�C'�Co3O4 �


0*�-�#�1��             �4���= �
 i4`�Q v4�3 =� ���  ���*71  (
o� /��θ=c
��W�) ��
�+  .  ���4H)c(  �=��4�� B4�C'�

��'*��1    J�
4� �� �4� �4� �4�
. J�4�� �4�C+     ��4�
 �41 

��    �4��
 5�!#�� J
�&%� 
C�� �4�  ��4�� (      �4) ��4�#�� � 

   UD4� 044-�D1 0*4�-�#�1 B44�C'� ����4�� 2��441E��R 

��

�+ .            UD4� ���4�78 ��*41� J
�&4%� �41 �#�C` �


0�� ��� E��R �=���� 2��&%�.

9 ���

9 ���
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�� ���� d�� ����
 5�!#�� �N� e���)...

���Hc ���� �+_�� |��'� 0*�-�#�1��

+6$,-�-� E-0 C0 C 1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

BET �CFG� A.�

(m2/g)
165 164 155 153 152 155 154 153 151 164 162 162

XRD dCo3O4 (nm) 16.4 15.2 15 15 15.4 14.4 14.4 13.8 13.8 16.8 17 17.1

TPR v�3 $�-�� (��


(oC)
440 437 437 435 435 382 378 372 371 444 444 445

TPR v�3 $���
 (��


 (oC)
640 595 525 510 511 629 624 620 620 651 652 652

v�3 $�-�� 5��Q� 0D*� 1.00 1.07 1.06 0.98 0.99 1.17 1.32 1.30 1.29 0.94 .81 .70

v�3 $���
 5��Q� 0D*� 1.00 1.21 1.26 1.31 1.26 1.16 1.22 1.21 1.20 0.96 .81 .70

 i1 5��Q� 0D*� 1.00 1.17 1.19 1.27 1.22 1.16 1.25 1.22 1.22 0.95 .81 .70

i	444��444�d)t�{��( i444��%��3 TPR (��444) �� 

0*�-�#�1��   J�
� �����
 .     5�4�Q� �4) �C4)�� ��� v4�3

Co3O4     �) CoO�� ���)  .        v4�3 $4�� =� ��&H �n �+�

     5&H 5��Q� �) �C)��CoO   �) Coo 0��  .   �1 v�3 $���


  O�g=� ��,) �
 �4� (TPR    �+��
41 v4� �4) ) ���4� (

       0�� 6�
 �7Q�� 5��Q� �) �C)�� 0�� �����    m�#�4�k �1 

    5��Q� �) �C)��CoO   �) COo    �4�&H 5�4�Q� $��j��  � 

     0"# �1 0-�D1 =���NS#        �'%�+ ���8 ���3 i)�!'� �N� ���� 

&����
C�[19,21] .   xk�)  �CsC� $��� �4�    �41 

�4+

  i��%��3TPR       
��4Q �#X�) (����
 �# oC�tr   :�'*4+ 

�)�� .   (���4��
 5�4!#�� 2��&%�Ru�Re i	4�  (�4�)t

�{ (  UD���         $���43 (�4���
 �) X�) ��
 v�3 �1 
C�  �4#

   �)�� ��!'��  v4�3 �+��
1� �4�        
C4� �4'�1 X�4) �4�
 ( .

         �
 X�4) �4�
 v�3 �+��
1 2��1 0*4�-�#�1 �4�   �41 ��

 �!#�� (���
5    ��'*� ���#�� � ���� ����
�   J�
�  �4� �4�


    ����
5�!#�� $�� J
�&%�  �1��      04-�D1 5�&H� 5��Q� xk�) 

�44# 044"# �441 ���448 �44���C-W �44��3 i44)�!'� �44N� ���44� ��N

 ��44�� �44'%�+�44� J�&44�� � �C44� �44) 2��441 $44��� 
C44�

  ����
5�!#��  �a'*)
��
 .J��� �4�C+       i	4� �
 �41 )� (

  ���
��  �!#�� J
�&%� 
C�5       E��4I'� (�4N� ����78 ����
 

  �!#�� �
 �)5  
��
 �a�
 ����
 . �!#�� $��5   ��� UD� ����


       �) v�3 �
 �� �1 0�� �#X�) (����
  �4�)�� ��4!'�� �
 � 

  i	
� ��,% &7% 5��Q� ���'� 

�4+ �# .    �4) 0I�4� J�&4��

�!#�� 2��&44%� J�&44�� �44) �#X�44) (�44���
5 0D*44� ��44��



��
 ��!'*�  .

i	��� ()t � {( ���H � )c(J�
� ���
�� �1 

            04-�D1 0*4�-�#�1 �4) ���#�� =� ��1 J�&�� J
�1 �%�s�

  xk�) $'%�� ��!'�� �     v�3 �
 �TPR      $���43 (�4���
 �4) 

��

�+ .   J
�1 �%�s�{/r %    =� �4�=�Ru  �4) Co/Al2O3

  v44�3 $�44-�� 2��441 x44k�)(FRT) TPR =� ttr�44) 
oC��cv44�3 $�44��
 � (SRT) =��tr �44) oC�cq

��
C� .   5��Q� 0D*��)E�C`        �4� �4�"�� �4�= A.� 

  v�3 =� v���   �
 0*�-�#�1��   �) (5�!#��   A.4� �) ����


         J��) 0-�D1 0*�-�#�1 �
 v�3 J��� ��"�� ��= 5�4!#��

0�� ��� O��,# ����
 .��"�� ��= A.� �4�  U4���'�

 �%�F44� JK���44�� �44)2��44�=W �
TPR�44��44��).

J�����C+        J
�&%� �0�� ��� �
�
 J�
� �1 {/r %  �4�=�

  =�Ru           5�4�Q� 0D*4� 2��&4%� xk�) 0-�D1 0*�-�#�1 �) 

       � $�-�� 5��Q� 0D*� � �71      i4��%��3 v4�3 $���
TPR

 0�� �'
+ .       �4# ��4�#�� 2��&4%��       ��N�4# �4�=� �4`�
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���&k ��d&–d�a��W eD78 ��CF,� –e���o e7k– e7�C# ��Q� ��

 �
 ���&*4)FRT�SRT  
��
 0*44�-�#�1 5�4�Q� J�&4�� �  .

  J
�&%�Ru           5&4H 5��Q�  2��&%� xk�) $��j�� Co3O4

    �)CoO    5&H � CoO   �) Coo     (���
 �41 ���&H� 5��Q� � 

       04�� ��� ���'*� ���3 �) i)�!'� �N��     C� $4�� �41   �C4s

 5��Q� 0D*� B�C#v�3����� (6�
 �  E�DN� ��

�+ .

i	�T ��"�� TPR  0*�-�#�1 Co/Al2O3(���`�
 �)

 O7'G�����
 5�!#������ 

i	�� ��"��TPR  0*�-�#�1 Co/Al2O3�) (���`�


 O7'G�����
 5�!#�����#�� 

i	�� ��"�� TPR0*�-�#�1 Co/Al2O3 O7'G� (���`�
�)

����
 5�!#������'3 ��*1�

Das     �� J���	�� � [11]         5�4�Q� �41 �4�
�
 J�
4� 

            ��4I#� 04-�D1 ��*1� =� �# $���3 ����
 �
 ���#�� ��*1�

���'%�  .      ��� $�� �) �HC# �)��       04%�+ �4��'� J�C4#  �41

   5��Q� ���#��        04-�D1 ��*41� 5�4�Q� 2��&4%� x4k�) ���

��
C� .  �� �f� �)     J�	� $�� =� JK����� RCI� �����  �) 

J�	�      0-�D1 ��*1� (��(H2-Spillover)    2��&4%� UD� 

  0�� ��� 5��Q� .     ��4��3 $4��      2��&4%� x4k�) $�4�j��

            �4��3 ���4� �4)R�H 0"# �1 0-�D1 5�&H� 5��Q� 0�7)�8

 ��'*� ����C-W�  �� &�� 
C� .)    ��4�� ����
 5�!#�� (��   &4�� 

 �)�
� ��'%�e���
 �� 
C�� ��n��   ��C*4"� �4N� ����

    
���� ��� v�3 5��Q� �) .   ���H �
)c(  �� ���
   �1 
C�

     0*�-�#�1 �
 ��� v�3 5��Q� 0D*�    �4) (��5�!#��  ��4��


    0�� v� �) �)��) ���� .   $4�� �) J�&%�     $4�� 5�4�Q� (�4�
 

    0�� �
�	� (���u# &�� v�3 . 4'D-�       2��41 x4k�) ��4�� �

       �� 6�
 v�3 5��Q� �
 (� �fQ�� i)�8    v�3 $�� � 

�+

   �1 ����D-�l             ��N�4# 04"# �41 04-�D1=� �4�&H �4) �C)�� 

    (��
 =� ��'*� ���3 ���� �)R�Ho�tr �) oC{�r  ��4!'��

����
 .     (��
 �
 ���� ��*1�oC�{r 5��Q� ��    �41 
C4�

$���� ���C#  �4)    (�� �4) JW $'4���� �4N� i4�-
FRT � 

-�9

+�-�

-�9

+�-�

-�9

+�-�
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�� ���� d�� ����
 5�!#�� �N� e���)...

    ���) ��� v�3 5��Q� 0D*�.        �4) �4	��� �) �HC#�)  �g�4h

    =� JK����� :�3J�	���        �4��) �04-�D1 �) ���� (  ��4')�

             �#X�) JW 5��Q� (��
 �	��� �) �HC# �) � 
C� 5��Q� ����

    0�� 0-�D1 ��� v�3 =��         ���� v4�3 5�4�Q� 6��#� =� }3 

   �� ���Ch 5��Q� ����.  =� $4�� ���    4�3 (�� �4) ��4��  v

    ���CG� �N� ���0��
[20,21] .0�7)�8    0*�-�#�1  5��Q� 

   �# 0-�D1t/� %          2��&4%� �4) }~4� � 2��&%� ���� ��=�

��444���2��4441 �444� �444)�� �) ���444Hc .( J
�&444%�

5�!#������
��      �4�Q� UD� ���#�� � ���� (5     =�  �4��&H� 

   # 0"# �1 0-�D1S     � ��4� ���'*4� �4��3 ���� �)R�H ��N

E��R 
��,# $���)��)�'
�) &'�� (��) ��'�
 �
 0-�D1 

��
C� .5�!#��          � �'4��
 �� �C4% �N� }	k ����'3 ����


UD�2��&%�(��
5��Q�     J�&�� 2��1 � 5��Q� ��  
C4� .

J�����C+   �� ���
 �1       J�&�� ����'3 J�&�� 2��&%� �) 
C�

5�44�Q��44� 2��441 �44)�� . J�&44�� 2��4415�44�Q� $44�� �
 

0*�-�#�1��  �� ��  �) J�C#        �
 JK���4�� y�4"# 2��41 

 0*�-�#�1 A.��     ����78 ��*1� J
�&%� ���'� �
 �   BD#�4� 

0*��
 .

        �4�C�� JC�4���'�# � JK����� ������� LMH |��'� �4� (

-�#�1      ���H �
 J_�*1� B�C# 0*�)\(      ��4� �
�
 J�
4� 

0�� .           E��R �=��4��  � E��R �,8�� P�=C# ��C�� �� (��)

      ��  �
 0-�D1 i1 J�&�� ���� �)    �D4��"� 0*4�-�#�1 �4�C

044�� ��44�
�+. JC�44���'�# E�
44���=W =� 5�44�Q� �44`�
 

zG
� J_�*1�����% � 
C���     &47% 6�4�# �41 
C4�

 �) 0-�D1 ��� 5��Q�Coo�) i��D# Co3O4�� 
C� .

�+��1��3     ��� �D��"� 0-�D1 �)�7���     �4) 5�4�Q� �`�
 

A�"F# ��= �.)����

�+ .

=CoTotal%D

100*
atomsCoofnumber Total

surfaceon atomsCoofNumber o

=CoReduced%D

100*
reduced)(Fraction *atoms)Coofnumber (Total

surfaceon atomsCoofNumber o

���H\ |��'� ��C�� JC����'�# � JK����� ������� LMH�� J_�*1� B�C# 0*�-�#�1 ( 0*�-�#�1 (��)Co/Al2O3

O7'G� (���`�
 �)����
 5�!#�� ������  (����#�� ����'3 � 

 +6$,-�-� C0 C 1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

��� LMH H2 �C���	�� 79 147 155 170 158 134 163 143 142 67 57 51

��� LMH O2 �C���	�� 595 972 1076 1201 1082 985 1154 1035 998 501 455 417

 5��Q� �`�
 35 57 63 70.6 64 58 68.8 61.5 59.2 29.4 26.7 24.5

�+��1��3 �`�


)10-�D1 i (
6.2 11.5 12.2 13.3 12.4 10.6 12.8 11.3 11.1 5.2 4.5 4

�+��1��3 �`�


)0-�D1��� 5��Q�  (
17.7 20.2 19.3 18.9 19.4 18.2 18.6 18.3 18.8 17.7 16.8 16.3

 ��R �.8)0-�D1 i1( 16.8 9.03 8.52 7.81 8.37 9.8 8.11 9.2 9.35 19.9 23.1 25.9

 ��R �.8

)�Q� 0-�D1��� 5�(
5.9 5.2 5.4 5.5 5.4 5.7 5.6 5.7 5.5 5.9 6.22 6.4
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���&k ��d&–d�a��W eD78 ��CF,� –e���o e7k– e7�C# ��Q� �q

  ���H)�( J�
� ����
          �4) ��4� LM4H JK���4�� �1 

   0*44�-�#�1 �44) ��44�� � ��44�#�� ��44��
 5�44!#�� J
�&44%�

Co/Al2O3m�D��!#c �)��)  �� 
C� .    J
�&%� �) 5��Q� �`�


Re   � Ru    0*�-�#�1 �) Co/Al2O3    �fQ�� i)�8 2��&%�  

(�  J�
� �� ����
 . 2��&%� J�&�� �# 5��Q� �`�
Re  �4# 

  �Qt/�            2��41 }~4� � �4'%�� 2��&4%� �4�=� �`�
 

���)�� .          ��4��
 5�4!#�� �4) 0*�-�#�1 (��) ��)�
� ��'%�

  ����
� &�� ���#��  �4�             $4�� �41 E��4I# $4�� �4) 

�4+

   �
 ���&1��� % ��I#� ���#�� ��=���  �4'%� .  ���4H)�(

J�
� $��j������
  ��4��
 5�4!#�� J
�&%� �) �1  �4� (

Re  �Ru   J�&�� �+��1��3 ��'*��1      �D4��"� 04-�D1 (��

      ��C*"� 2��&%� 0-�D1 i1 ���� �) ��� ��   �-� �)��

     0-�D1 ���� �) ��� �D��"� �+��1��3    ��4� 5��Q� (��

  ��� �����n ���u#�o� .�)        �=��4�� ��4��
 5�4!#�� J
�&4%�

  2��1 0-�D1 E��R���)��.          � ��4�� �4	��� �4) �HC# �) 

   UD� ���#��5��Q�  �4��&H�         4# 04"# �41 04-�D1 =�S ��N

   ��'*� ���3 ���� �)R�H� �4�     04-�D1 E��R $4�� � 
C4�

         i)�8 0-�D1 E��R 
��,# ���'*� (�'	nC1 �=���� (���


     �'
4�) &'�4� (��) ��'�
     E��R B4�C'� �4.8 � ��4�

044-�D1�  �=��44�� =� �'	nC441 W   J��44) 044-�Q �
 �44��

5�!#�� �� ����

C� .J�����C+   ���4H�
 �1 )�(   J�
4� 

    �0�� ��� �
�
5�!#��      LM4H 2��1 UD� ����'3 ����


              J�&4�� �4HC# i4)�8 2��41 $�4�j�� � JK���4�� �������

  0�� ��� 5��Q� .  �$�� �) J�&%�        J
�&4%� �4) 0-�D1 E��R �.8 

5�!#��   04�� �'%�� 2��&%� ����78 ����
 .    2��&4%� $4�� �4n�+

 HC# i)�8             &4�� E��R J�
4� 5�4�Q� JW i�-
 �-� ���) ��� �

     J
�&%� ���'� �
 �#�!#��       B4�C'� �7�*� $�� �1 0�� ����
5

044�� �
�44) X�44) �� E��R �=��44��.�
i	44��44� ()����q(

  i��4D# �`�
CO          � ��4� ������4� LM4H JK���4�� �

       0*4�-�#�1 �
 0-�D1 5��Q� �`�
Co/Al2O3     5�4!#�� �4) 

  ����
Re  �Ru � K2O  �)   04�� ���W U�#�# .   i	4�)�(

  J�
��� �4�
      2��&4%� �41 �{/r      �4�=� �4`�
 Re   �4) 

i	�Y i��D# �`�
 CO U*Q �) ��� LMH JK����� � 5��Q� 0�7)�8 �

0*�-�#�1 �
 ���� ��=� �`�
 Co/Al2O3

C
o

�:
19

F
��

��

�$01 �052 �:19

�:
19

; 
�$

� 
2.

-$�
 

?
'@

 ;
<2

1�
$�

�>
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tr ���� d�� ����
 5�!#�� �N� e���)...

1 �:19�2�$


i	�V i��D# �`�
CO=� �`�
 U*Q �) ��� LMH JK����� � 5��Q� 0�7)�8 ��
 ���#�� ��

0*�-�#�1 Co/Al2O3

 +�60K/Co

i	�[ i��D# �`�
 CO ��=� �`�
 U*Q �) ��� LMH JK����� � 5��Q� 0�7)�8 �����'3 ��*1��
 

0*�-�#�1 Co/Al2O3

0*�-�#�1� i��D# �`�
 CO2��&%� �� �� �4�
 .  �%�4s�

  J
�1Re    J�&�� �# t/� %#S     4�� 
��
 (�4'�1 ��N   J
�&4%� �

 =� 2�)t/�   xk�) ��=� �`�
  ��   i��4D# �`�
 �1 
C�

CO  �)�� 2��1  .  i	�)�(   J�
4� $��j��  �4� �4�
   �41 

  i��44D# �44`�
 E��44��u#CO  J�&44�� E��44��u# �44���� 

           04�� 5�4�Q� �4`�
 � ��4� ������� LMH JK����� .

 i	�)�(   J
�&4%� (��4) ��)�
� ��'%� Ru  2��4�� �4) 

��
��M+�     ��&1�4� �4.!� �'D-�    �
 �� %   �4�=� �4`�
Ru

�� �4��) . i	4� d�4�)�   � �(       ��	4�W �� 04!�!Q $4�� 

��      ���W�% �
 0�-�,% �1 
=��FTS     5&H A.� �) �'*)�� 

0-�D10�� ��� 5��Q� (��.

  i	�)q(   J�
�  �4� �4�
         5�4!#�� J
�&4%� �4) �41 

����
      �� 2��1 0�-�,% J�&��  ����'3 ��*1��)�� . LMH

�44# O�,44s JK���44�� ������44� 5�44�Q� J�&44�� � ��44� 

   0�� ��� �'�1 0*�-�#�1 .J�����C+      ��4�
 i	� �
 �1 

��           ���
4# �4��� $4�� ����
5�!#�� J�&�� 2��&%� �) 
C�

 
C� �� .  J
�&%�5�!#������
       LM4H UD4� ���4�78 (��

         
C4� �� 0*�-�#�1 A.� �
 $)�1 ��*1� C�� (C8[16] .

C�
� 

�$
6

� 
 �


� 
F

��
�� 

�:
19

G

 �
:

19
8�

> 
?

'@
 ;

<2
1�

$�
 .

-$�
 

C�
� 

�$
6

� 
 �


� 
F

��
�� 

�:
19

G

 �
:

19
8�

> 
?

'@
 ;

<2
1�

$�
 .

-$�
 

Archive of SID

www.SID.ir



���&k ��d&–d�a��W eD78 ��CF,� –e���o e7k– e7�C# ��Q� t�

   �$4�� �) J�&%�          0*4�-�#�1 A.4� �
 JK���4�� 04f7l 

��12���)�� .       �
�% 2�1�� 0k�� �1 $�� �) �HC# �)/
          =� �4I�� J�C4# � JK����� 0f7l =� �'Dp� J�C# 23��#

             ��4��
5�!#�� J
�&4%� �04�� $)�41 ��*41� C4�� 0f7l

    i��D# �`�
 2��1 UD� ����78CO   0�� ���  .  J�&4�� 

  LMHCO        2��&4%� 0*�-�#�1 �
 ����'3���!� 2��&%� �) 

` �
 JW E�=�C� �) � �'%�� i��D# �CO�)�� �� 2��1 .

i	�)�r (       i	� � ���� � ���#�� �N�)�� (  ��*41� �N�

'34) �� ����4�M3 2��&+ �4 (�CH4  �C5+% �
 4 ���W�

FTS 2����  �� ��
 .     �1 �C.���� ���#�� � ���� 2��&%�

     i��D# �`�
 2��&%� xk�)CO ��    2��41 x4k�) �
C�

      0�4� �) (��M3 2��&+ 2��&%� � J�'�C5+ �4� 
C4� .

  �N� �'D-�Re =� �'�1 �7�h Ru0��  .�) �C4g(  �41C5+

   J
�&%� �)�/r % ���� ��=���/q  % 2��&4%�  �4�    �
 �4)��

 J
�&%� �) �1 �#�C`c %��=� ��4�#����/c�% 2��&4%�

�� �4)��.�
 $�4�� J�4�= �4)  J
�&4%��/r %   ��4�� �4�=�

    J�'� (��M3 2��&+t %    J
�&%� �) �c %  ��4�#�� ��=��/�t%

 �� 2��1�)�� .      =� 2�4) ��4�� J
�&4%��/r %   x4k�) �4�=�

 8�
�9 .-3�1  �052 �:19

i	�>@����
 5�!#�� �N� �� (��M3 2��&+ �)  ����  �  ���#�� (CH4 �   C5+ ���W�% �
 FTS

 +�60K/Co

i	�>>����
 5�!#�� �N� (��M3 2��&+ �) ����'3 ��*1�CH4�   C5+ ���W�% �
 FTS

;-
/� 

�
��

'(
 )


��
*

�
��

'(
 )


��
*

C
5+

;-
/� 

�
��

'(
 )


��
*

�
��

'(
 )


��
*

C
5+

C5+(��M3 2��&+
 J�'� (��M3 2��&+

Archive of SID

www.SID.ir



tc ���� d�� ����
 5�!#�� �N� e���)...

  2��441 � J�44'� (��M443 2��&44+ �
 (&�n�44� 2��&44%�

   (��M3 2��&+C5+ �� 
C� .        5�4!#�� �4N� �) 
��# �
 $��

 =� 2�44) J
�&44%� �441 044�� ��44�#�� ��44��
c % ��44�#��

     � �41 �� J�4'� (��M43 2��&4+C5+ 
�4�= ��  �4� �4�1 .

!!"��  J[22]      J
�&%� �1 ��� �
�
 J�
�Re   � Ru   x4k�) 

 ���u#(KC-C%�C� �
A.��� 0*�-�#�1 
C4� .  
�C4� �


            P4��# 04-�D1 A.4� �
 �41 0�� ��� :��&+ ���#��

 �44��444�1[6] 0444-�D1 �4441 
C444� x444k�) ��444�� �444�� 

�)E�C`    04-�D1 K�4�-W  44       �4��) A.4� �
 ��4�� [12] .

       0*4�-�#�1 �
 ��)�1 
�k B�C'� �'
�) 2��&%�    �4) (�4�

5�!#��  0*44�-�#�1 �44) 0D*44� ��44�#�� ��44��
 (�44� �44)

5�!#��           ��4�= �4��) i�-
 $��� �) 0�� $	�� ���� ����


       (X�) (��M3 2��&+ �����# �) ���#��C5+     �4��W�% �
 FTS


��
.i	�)��(    �� J�
�     ��4��
 5�!#�� J
�&%� ��
   ��4��'3 

  �#�/r     �4� xk�) ��#� 0D*�    2��&4+ 
C4�   (��M43C5
+  �4)

 J�&44��t��44`�
 �44)�� 2��&44%� .2��&44+ $�44�j�� (��M443

�44'� J{� �44� 2��441 �44`�
 �44)�� . 2��&44%�5�!#�� ��44��


            0*4�-�#�1 A.4� �
 JK���4�� 04f7l 2��1 UD� ����78

�441 ��44� �44� UD44� $44��2�441�� 
C44�6�44''h� (�44��
 

2�441��(�44��
44�% (� ��44���=/ � �44'%�� 2��441 23��44#

�����=��  (�'
�) ���  �4��1 . 4)  �        
�4k B4�C'� �4a�
 E��4Dk

���44�� �44�)�1$)�1�44���&44%�   2��441 J�44'� �44�-C# � �44'%�� 2

���)�� .i	�) �c(         04�-�,% $�4) (� �*4��!�  0*4�-�#�1 �4�  �4) 

   O7'G� (���`�
Re   � Ru    2��4�� �) ��   �4�  
��M4+.

J���                 � �4'�) ��4�� =�  ��4�#�� 
C4� �4� ����
4� �1 �Cg

 0�� �#�NC� .            2��&4%� i4�-
 �4) �4��# ���C# ��� 2��&%� $��

      �� �
 �� B�C# �1 5��Q� J�&��    
�4��� ��4��
 5�!#  �4�  
C4��

���) .         04�-�,% 2��&%� ���) }3 ���) i�-
 $��� ���# �+�  �
 

              �4) 0*4�-�#�1 =��'
4�)  ��4�� ��4��
 5�!#�� �) 0*�-�#�1

   �4��) ���#�� ����
5�!#�� .   4) }43  � �4��f�    i4�-
 �4��

J�&�� 2��&%� =� ��l �) (�a�
���) �'��
 
CH� 5��Q� .

     ���#�� ����
 5�!#�� P��#  �4) 0D*� 0*�-�#�1 A.� �


      �4�  ��4�� ����
 5�!#��      �
 04�-�,%  
C4D�) i4�-
 �4��C#

   �) 0-�D1 0*�-�#�15�!#�� ����
 Ru �4��)   . J�4�� �4�C+

    (��M443 2��&44+ 2��&44%� (��44) �447�-
 $44�� �441C5+ �
 

      ����
 5�!#�� �) 0-�D1 0*�-�#�1Ru      0*4�-�#�1 �) �*��!� �
 

) 0-�D1 0*�-�#�1 �� ���# 0-�D1���� ����
 5�!#�� ��0��  .

 8�
�9 .-3�1  �052 �:19

 i	�>; 0�-�,%  $�)  �*��!� 0*�-�#�1��O7'G� (���`�
 �) ����
 5�!#���� (Re � Ru

G
C�

� 
�$

6
� 

 �

� 

F
��

�� 
�:

19

 �$01-C 8�> 89 9 .-3�1 

 �$
�21 -C 8�> 89 9 .-3�1 

Archive of SID

www.SID.ir



���&k ��d&–d�a��W eD78 ��CF,� –e���o e7k– e7�C# ��Q� t�

0 �H$/��$*

  �4N���44��
5�!#�� � 4���44�� (���44�#�� ��44��'3 ��*441� �  �44) 

        �
4�% &'�� �
 ����C-W ���3 �) 0-�D1 0*�-�#�1/  23��4#

) �� ���� .   �
 �� ����
 5�!#�� ����  �   ��4�#��   04�7)�8

     �� 2��&%� �� 0-�D1 0*�-�#�1 5��Q����
.    04�7)�8 ���� 

  5��Q�CoO   �) Coo        �1 �� 0-�D1 ��*1� vnC1 E��R � 

    ��'*� ���3 ���� �)R�H 0"#�   2��&%� ����
 .  ��4�#��

   �) J�&%�      5�4�Q� 04�7)�8 2��&%�CoO    �4) Coo   E��R � 

 *1� vnC1       �
�
 2�41�� ���3 �) �1 0-�D1 �� �4���   x4k�) 

    5��Q� 0�7)�8 2��&%�Co3O4   �) CoO  �� &�� C�
 . ��
�!�

  �1 ����
 5�!#��     
��,# 2��&%� xk�)  J�4	� �4�     �
 � ��4,% (

      0*4�-�#�1 0�-�,% 2��&%� ���'�   
C4� e4�.  ��*4o�    ��4��'3 

     �� 04-�D1 E��R �=��4�� � �
�1 �1 �� 0*�-�#�1 5��Q� 0�7)�8

&44%��44�
 �44� 2��.� %� ��44�#�� �44�=�t/� % ��44�� �44�=�

 U�#�# �) �� 0*�-�#�1 0�-�,%�/c�{/c��1 �� �)��)  .  $4��

    (��M3 2��&+ ����
 5�!#�� �
  �4��W�%   23��4# 4�
4�% �� 

  ��-C# 0�H �
�����$)�1��        X�4) �-C4	-C� J=� �4) ��

 �� 2��&%����
�         �4� ��4�#�� =� �'�1 ���� �N� ���  �4��) .

 ��*1�     (��M43 2��&4+ ��4��'3 ���4�78C5+ �4# ���r %

�� 2��&%���
.

� I@ �

1. Oukaci R., Singleton A. H., Goodwin J. , App. Cat. 186, 129 (1999). 

2. Iglesia E., Soled S.L., Fatio R.A., U.S. Patent, 4794099 (1988). 

3. Beuther H., Kibby C.L., Kobylinski T.P., Pannell R.B., U.S. Patent, 4413064 (1983).

4. Eri S., Goodwim J., Marcelin G., Riis T., U.S. Patent, 4880763 (1989).

5. Iglesia E., App. Cat. 161, 59 (1997).  

6. Tsubaki N., Sun S.L., Fujimoto K., J. Cat. 199,236 (2001). 

7. Vada S., Hoff A., Adnanes E., Top.  Catal. 2, 155 (1995).

8. O’ Brien R. J., Xu L. G., Spicer R. L., Energy Fules 10, 921 (1996).

9. Rygh L., Nielsen C.J., J., Cat. 94, 401 (2000).

10. Li  J., Jacobs G.,  Zhang Y., App. Cat. 223, 195 (2002).

11. Das T. K., Jacobs G., Patterson P. M., Conner W. A., Li J., Davis B.H., Fule 82,805 (2003).

12. Bertole C. J., Mims C. A., Kiss G., J. Cat. 8051, 1 (2003).

13. R. A. Fiato, S. L. Soled, A. Montagna, U. S. Patent 4544674, (1985)

14. S. Eri, J.G. Goodwin, G. Marcelin, T. Riis, , U. S. Patent 4880763, (1989).

15. R. Oukaci, A. H. Singleton, J. G. Goodwin, , App. Cat. 186, 129 (1999).

16. D. O. Uner, M. Pruski, B. C. Gerstein, T. S. King, , J. Catal. 146,530 (1994).

17. Jongsomjit B., Goodwin J. , Cat. Today 77,191 (2002).

18. Bechara R., Balloy D., Vanhove D.,  App. Cat. 207, 343 (2001). 

19. Jacobs G., Das T., Zhang Y., Li J., Racoillet G., Davis B.H., App. Cat. 233,263 (2002).

20. Jacobs G., Patterson P. M., Zhang Y., Das T., Li J., Davis B.H., App. Cat. 233,215 (2002).

Archive of SID

www.SID.ir



tt ���� d�� ����
 5�!#�� �N� e���)...

21. Jacobs G., Das T., Patterson P. M., Li J., Sanchez L., Davis B.H., App. Cat. 247,335, (2003).

22. Zhang J., Chen J., Li Y., Sun Y., J. Natu. Gas Chem. 11, 99 (2002). 

Archive of SID

www.SID.ir


