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Abstract 

The feasibility of producing the iridium-192 radioisotope has been investigated in this work. 

Iridium-192 has various applications in nuclear medicine, particularly in brachytherapy. To 

increase the production yield and the high purity of this product, the direct production parameters 

of this radioisotope were studied based on the 191Ir (n, γ) 192Ir reaction. It is crucial to determine 

the appropriate irradiation location according to the neutron flux and the cross-section of the 

neutron reaction with the target material. By analyzing the experimental spectrum of neutrons 

exiting the reactor, as well as simulating the reactor using the MCNPX code, detailed information 

was obtained on the flux and spectrum of thermal neutrons and the irradiation sites. Calculations 

related to the flux of thermal neutrons were performed both theoretically and through simulation. 

Considering the information obtained from the simulation and comparing it with the experimental 

diagram of the reaction cross-section, the optimal irradiation site for the production of iridium-

192 was determined. By comparing the simulation results related to the final activity at different 

reactor locations, the best site for producing iridium-192 with the highest activity was also 

identified. 

Keywords: Iridium-192 Radioisotope, Simulation, Brachy Therapy, MCNPX code, Neutron 
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.:2���  ��+F    0�*c��4��+f  G8��9    ��  �:�+�

<�+= � %���  �I�2� �� ;�f ;��F �  �7�  "Stall-end"  

��� ��+F�  ]11�12 [.  

  
>�?3. G�+I4 94�/�/34 �8�,�� 9, >�4��� . 
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94��+f G8��  �8�,��  (\/� _\� �� 9]�+� Z�2�, >!           

2/1×2/1 +��  (�+�    Z8a 	3  -, %�� +��  &�4  W!-   �8� 

  ;��F  9��<�+=;�f  ;A�  ��  .%��  �:�  ;�A144  

>�4���   %��  �:� ����  G�12  94��+f G8�� ���C��  

 ]11�12 .[  

  
>�?4. �8�,�� 94��+f G8�� ���C�� G�+I4 94�/�/34.  

�8�,�� pF  [�@ ��8 +���   �7�"Stall-end"  ��+F

����  	  ��]��  -� 9�8�*��8.' � < v�F >! &� 75×45  

9�2��  +��  (�+� -�3UY  ?�2�   �:�  ;�A14  �:2��:IB2

 %��-3UY 0!� .  ;3�   ��+F(���� �+�=  %C8� ���

9��� -, :���  ;A�5  -� %�� �:� �:�1, +!864.    ��

  �8�,�� pF�82 -�  -���  ���:2���� %C8��  .+�*,9   	

 9��<�+=  ���9�  ���U�8�-���  . ���:2����  %C8�  ���

�+��  .84�:  J+2��  -��� ��  	  -������  .+�*, %C8� 9  

�+��  +^  Z+�*,!G�  G	+482�  &�  ���U���  ��  �� �-�� �  

 G' G	�� G	+482 v��^  ���� ���U���9:28�.    +� �	e@

�!0  -��� &����  <�+= %C8�� �9  �+��  �+I����+��  I�� -*  

��F &� � %  =:*,�+�9  G	+482� ���U��� ��9�8�  .�4�� d�+  

�*� 	 �82 ���  /34 �8�,�� %C8��4�/9   -^84 �� G�+I4

�+� -�! l ����9 ��6�F� 	�  � .%�� ���� }� �81,! 0  

�+� �8�,���  /34 ?��2��d�/  -��� ��    ��+F ���U��� ��8�

�9 =��+  ]13 [ . 

  
>�?5.  (����  �!��'  94�/�/34  �8�,��  pF  ��  %C8�  ���

G�+I4 .  

��+? �� *&�� 6/MCNPX2 

   ��  ��	
�-���  ���  ���:,  &�  ���U���  ���  -�)�

�&��  9��84  �� ��	
� :*!'+< :2G��'  -*! � �:*, �� ��

-�y+< 	 :�� ���, %3Y ��  ��*,  9�*�.:    0!�  ��

-.�/�  �  ��+�-�)��&��  G�+I4  �8�,��  92�+3�  l!�+�  

  ?8!:!+!� S84	 !�8!��� :�.84 ��+�-  192  :, &�   -�)�

�&��  MCNPX  ���U���  :� %�� �.    �� �&�� -�)�  

  ������C��  ����8���  &�  �G�+I4  �8�,��  pF

:� ���U��� d�6�7� b!+]4 ��+� �:28���+A4 .%�� �  

�8���"Like n But"   Z8� b!+]4 ��+�  ��]�� �� ���

G��A! ue��,  	 �����8���"lat"   �"u"  	 "fill"  ��+�

 �!��'  b!+]4�V*�  ���  ��  �&�� -�)�    �8�,��  pF

G�+I4  ���U���9�:28�  ]14 [ . 

;A�6    pF�&�� -�)�    �� �8�,�� �:�  �� �V*� �!��'

9� G�12:��  -,  ��IT ���:f�	 &�    �:� ;�A14 9]y

 %��    	!  ��  ��:f�	  &�  >!  +� ���C��  �!  ����  >

�:� +� 571�:2�.  
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>�?6.  -�)�  pF�8�,��  �:�  �&��  TRR  -� ��	�   :,  

MCNPX. 

  &� ���U��� ��:,  -�)��&��   MCNPX  pF +� �	e@

�8�,���  -A!��� 94��+f G8�� 	 �� ��    �29�  G�84  -�)�

�&��    .�+,-A!���-.8.  ��-2�8���  ���  ��  9.�C84  ��

���8!�  -28�2 G��� ��+F ��+� -, :*��� 9�8�*��8.' ���

���8!�  >!� 2-�  pF  ���9�  ��,:2	�.    �8���  &�

����	+,�� "RCC" :, ��  -�)��&��  MCNPX   ��+�

-�)��&��  ��  ;A�-2�8�  ��-A!������U���  ��  9�  .�8�

;A� ��7  b.�� ���2  >! �:]� -A!����  -�)� �&��  

�:��   %��  �:�  ����  G�12   	  ;A�  ��7  v  ���2

-�)��&��  :��    �+�= ��+F-A!�����  �8�,�� +7��� �� 

TRR ;A� ��  [��\�  .%��  �:� ����  G�127  v -A!��� ��

-�  pF -� %)�2 v�8� d�8Y:2��� ��+F . 

  

>�?7.  b.�:    �:]� -� ���2�&�� -�)�    >! �:�-A!���   :, ��

MCNPX�  v:    �!��'-A!���  �8�,�� +7��� �� ���&�� -�)�    �:�

 :, ��MCNPX . 

4��+f  G8��9  �����  �!��8�   -/2&	���  �+�  ;A� 9  

  �U.' ���84+� �	�	 &� -, %��  �+�=8^ pF ���8!� -�

9�:*,.  0�*c��    94��+f  G8����+�   G�+,  :*,

G	+482��   %�� �:� -�)]4� .��8!�    	� &� 94��+f G8��

!W�  �:� ;�A14 Z��8�  	 9�8�*��8.'  .%��    G8�� ��

  94��+f-��f�2  ^�  -28�2 ���Q=���9��84+� ���   -,

-]\F -�f�2 0!� ��:��� 	 %�� �:� +� �8� &�  v+� &� ��

 84+� vQ^ ��+����� ��+F ���= ��� G' 9f�82 +!�� �  ��

 �8� %�� �:� +�  9��<�+= ���  .;A� ��8    	� ���2

  &� �:]��&�� -�)�  %�� �:� ���� G�12 94��+f G8��  

 ]14 [ .  

 
>�?8.    �:]�	� ���2�&�� -�)�    94��+f G8�� &� �:�TRR 

-� :, -��	MCNPX. 

-�)��&��  -A!���9�  94��+f  G8��  	  �� ��+�  :2�84

-�^ &�  9U�7� `�:��  �8�,��  9*�!�  9��!&��  �  0��]4

  `�+a� �� 92	+482 ���-A!�����    	�!��&' 9f�+a ���

92	+482  8� ���U��� .�  

  ��  G	+482  ���  }+2-�  -^84 94��+f  G8��  ��  -Y�<

9�  +���4>�*A4  &�  ���U���  ��  	  :*,Z�]<  ���  �&��
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�&�:2�9�  �+�=  .�8�\����1    ���  }+2  9!��2  d�+���4

-� �� G	+482 94��+f G8�� �� -Y�< &� 9]��4 d�8Y

9� G���:*, .  

 2 1

9

F luence ra te ( . )

3 .466 exp ( 0 .438 3 )10

cm s

d

  

  

              1 

\��� �� -,�  W�� d   94��+f G8�� ��:��� &� -Y�< `+]�

 p�f +� 9�2��+�� 9����:  ]15 .[  

E��$�  

   .�/� 0!� ��  �--�)��&��    G�A��.84�:    ?8!:!+!�-  192  

/34 �8�,�� ���4�/9    G�+I4 ?��2� 8.��, %28� P	� ��

  �4  %��  �:�� �+�1!0  ����	  |*�'9  	  0!+�1��  +I�� 

.84�: `:� �� .:��� -���� �8^	  

��:���  �� 92	+482  ��� b�a  -A!���  l�	 	 �� -)]^  

9��84+�1  �8�,��  94�/�/34    &� ���U��� �� �G�+I4�8���  

F5    ��  :, �&�� -�)� MCNPX :� -)��3� %�� �  .

  d�)��3���  &���  92	+482  �J+2�  MeV5-10  �4 

MeV10 �:� ?��2�   �� j!��2 	;A�9   �:� ���� G�12

�� .%  

  
>�?9. �!�/�� G�+I4 �8�,�� 9��84+� ����� �� �� G	+482 ��� .  

��3�)�  G	+482 ���94��+f G8�� �� ��   &� ���U��� ��  

-�)��&��  ��  -*�1�� �J+2�eV 5 Y�< ���  29�2��  +��

).  &��    ��:@  :@�64  ��  	  94��+f  G8��  ��	�	20  

 
1 Irradiation Box 

9�2��  ��+�  �+��8  \/2�   %��  -�<+=  d�8Y 9.�8��  .

��+�  9!��&' 9�����    j!��2-��:�' %��  -�)� &� �&��  

:, l�84  �&�� -�)�MCNPX   ��  G	+482 ���    9�+�4

�:� -)��3�    94��+f G8�� ��-�  >.8� �&��.�]< P	�

ea    P���� 	&�  ���U���  ��  &����A�' ���   G&8�8�  

NaI 	 ��2��2��� HPGe :2:� -�!�/�  ]15.[  

92	+482 ��� }+2  94��+f G8�� ��  9� ��  ���U��� �� G�84

\��� &��1    ��-�)��&��    .�+, -)��3�  &� ;Y�f j!��2

-�)� �&�� 94��+f G8�� �� 9�+�4 +!��/� 	   ;A� ��

10   %�� �:� ���� G�12  . j!��2 	 9�+�4 +!��/� 9A!� 2

-�)� �&��  G�12:*���    %3Yd�)��3�  �:� ?��2�  ��  

28�2� -�)��&��  �� �:� .%  

  
>�?10.  �!�/��   G8��  ��  ���  9�+�4  	  ��8h4  d�)��3�

94��+f .  

 �`:� ���� �� �*,�	 �8F	 Z���f� G��� G�12 ��+�  	

  ?8!:!+!�  :�.84–  192    (\/�  _\��I�0!+4  +������  

-�9� �����	� . ��+�.84�: �!+!:!?8 - 192 9Y� 0!+4

  �*,�	 ��*,�	(n, γ)   %��. �*,�	���  �!+B�    :*2��

�*,�	  (n, 2n)�*,�	 �  (n, n)�*,�	 	 �    9=:*,�+�

 G��1,  9� w�U4�   �2  .:*�<��*,�	  G��1, 9=:*,�+� 

  -�  %)�2�*,�	�� � (n, 2n) 	 (n, n)  %����  &�

�*,�	 0!� �+!& t%�� ����8C+� �+4W��  �� (\/� _\�
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+��,�  4 	 :2���rq�+  2�:*T9    ��9!�I2 Z863� :�.84 

2��:2  .:;A�11  �/�!-���  ��0  �*,�	 �;, (\/� _\� 

(n, γ)     G��1, 9=:*,�+� 	� G�12 ��9:��  . -^84 ��

-����8�2  -�� +V29&�� -, :!'�  *�I��  �J+2�  �+��  .84� : 

�  Z863�!+!:!?8  -  192  �	:3�  ���  +2�J �  

G	+482��� 4��+f9 9���� .:  

  
>�?11.  -�!�/� ���8�2 ?8!:!+!� �� G	+482 �*,�	 (\/� _\� ��  

– 191 .  

��8@  ��*,  �� 9  �:� �+\�  -,  -*�I�  G�A�  ��+F  �+�=

  -28�2  9��84+� ��+���  �8�,��   .�8� 571� :!��  �2

�+��  ]4��0  *�I� G�A� �  ��84+�9  -28�2    :, &��&�� -�)�  

MCNPX    ��+�-�)��&��    	  �8�,�� -/\*�  -�

-A!���  -)]^ ���9��84+�  94��+f G8�� 	    �:� ���U���

 %��.  ��2  �s�! j  -��  &�  �:�'  %��!0    ��  -/\*�  -�

!:A!+B  �/�!-�  :2:�    �4-*�I� G�A�  �+��  ���84+9    ��

  �8�,����+=  ��I*1�� �+�  . �  �!0    &�  ��8V*�

�8���BURN  -,   `+6� d�)��3� %���F -� g8�+�

 %�� %C8��  :, ���&�� -�)�  �:� ���U���  %�� . 

-�;3� ��  92	+482  ��� d�+���4  %@���   =��+F�+ �  

�8�,�� �� -28�2�  ��G�    %�.�]<  -28�2    &� :]� -� G���)��

-28�2 0�<+= ��+F ;3����� 9B��� ��  �8V*� -� .  v�7�2�

�  G�A�-*�I�  �  ��&  -�)��&��  G�+I4  �8�,���  ��/�! +  

671�9    &�����  )  `:�Ir191(  -�� d�8Y��9    ��  	

  ��  571� ;Y�8<-A!��� ���  9��84+�  -)]^  	    G8��

4��+f  9:� ���� ��+F  .`:�    &�  0!��&�� -�)� ��+� 9  

��G�   qr4�d�+  2	+482  ���9  G�A�  �����  b�7� 

-28�2 ��+/���    +�  G� �� %�.�]<  G'  	 ��  0�*c��]4��0 

 G�A�-*�I�  -� :�.84 �+I� �!� <� �8V*�9� .:��� 

�+��  0��]4  -*�I� G�A�    9��84+�  ��-A!������    ��:]45  

� �:@��  -2�8�����  ;A�  -�Z8a 15  9�2�� +��    �� [��\�

;A� ��  �:�  -N���  ���C��2-�  �Y�<�  1  9��+��    ��

  ��*,!:A!+B  :*�<+= ��+F  .  0�*c����84+� G��& d:� 9  

-28�2  �� ��-A!���  ��!>    -�U�	   8�,�� G�84  �4  �B�d�	  

 .%�� �:� -�<+= +V2 �� 

��  Z	:^1�  ��2!j  ��84+�9  -�-28�2  �� ��-A!�����   -N���

 %�� �:�    -,  ��:/� ;��� %�.�]<  .	��-�   %�.�]<  .84�:� 

f  ���0  ��84+�	  9  	! =
9 ���  .84  ��  l)4+��: 

���!�8!S84	   �!+!: !?8  –  192  9�  .:���  -^84  ��

-�-�  j!��2  ��:�'  %���  ��� G�  -A!������  A!����4      

)BT-4( -*�I� G�A�  �+��  .84�:  ���!�8!S84	   �!+!:!?8 

- 192 9�:��� . 

G��H1.  �!�/��  ?8!:!+!� :�.84 	 9��84+� &� ;Y�f j!��2  -192 

 ��-A!����� .  

  

/34 �8�,�� pF ���4�/9    �G�+I46    G�A�  v' &� �:� +�

���  �8^	2  :-,  G�A�  G���  ��+F  ��+�  9)��*�  ���
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-28�2-�  ��-�  9��84+�  %I^9�  ����  .:2	�-�  0!�6  

�:� 0��]4  G�A��  )]^�   9��84+�  9� -�U=�8�.  )]^�  

9��84+���  -,  +/4!u�)  ��  ���  ��+F  pF   ,+��  -�.� ;�

-A*!�:  1-  ��+�1!0    �� ���8�,�� �� ���l�	  G' pF ��

�8^	  �����  	  2- �  ��:]4�+�1�    %C8�  (����  ��

� `�+a�!0  ���� ��+F -)]^  �-*�I� G�A�   ��+F ��+�  �+�=

 -28�2-� 9��84+� %I^ .%�� 

�+��  !0�<�  -*�I� G�A�  �8�,�� ��  ��+F ��+�-28�2 �+�=  �

�/�!-���  ��0  -)]^    pF  ,+� �� �8^8� 9��84+�  	

A!����4  �  -,)�+�1!0  +I��  :�.84    (-����  �� �:� ?��2�  

.%��  -�!�/� 0!� ��+��    d�3�y84 �� -��1� ����C��

  %��F  ��  �:� G���»0��]4  *�I�  G�A��    9��84+�  ��

-A!�����«�  �� .%�� �:� -�<+= +V2 

  ��Z	:^2  �!�/��   84+� j!��2-28�2 9��  �� ��A!����4  

  	)]^�  9��84+�  �-N���  �:�   .%��-� -^84 ��  d�@ea�

�-�:�'  %��  -*�I�  G�A�  �+��  .84�:  ���!�8! S84	   

�!+!:!?8-192  )]^�    9��84+�.%��  28�2  �+!&�    ��+F

�-)]^  0!�  ��  �:�  ����  .84  �@���:  ��+�1!0   ��:/�

 %�.�]< '+< ��!:* ��84+�9 �9�8�. 

G��H2.  ?8!:!+!� :�.84 	 9��84+� &� ;Y�f j!��2 -�!�/�  -192 

 ��A!����4  	9��84+� -)]^.  

 

 

  I�	
  �:"	
�J  E��$���+?*&��  ��   ��  

MCNPX  

   &� ���U��� ��  9)2�  ̂:, CINDER90   ��MCNPX �

�9  G�84��G�     ��  %C8�  `+6��+,  -)��3�. 

CINDER90  :,�    -,  %�� G��&  ~���  +�  

FORTRAN90  2�	�+< -, �:� -��829  �!�84	 9 !>  

 ,+4 ~��� +� G��& Z8a �� �� ����� p  .	��-    �����}+2  

.84�:    	��8��2  �!S84	   ��  �+]� ��  0�<+=  ��+F  	

������  2	+4829  d	�U��    ��J+2�  	  G��&� ���

b�7��  �  -)��3�9*, ]  :16 [ .  0�*c�� :,  0!�    ��+�

)��3��  .�]<� %   �!S84	 ���  �4�  +�,9�   	  ?+^

Y86C�d�  2��&9  G'  ��  `+6� G��& ~��� +� %C8�

9�  ��+F  ���U���  ��8� = .�+�   -)��3�  ��+�%�.�]<  

-28�2���  &� �� %�� 9<�,  -�)��&��  �8�,��    ��  ���<

:,  �&��  -�)�  MCNPX-28�2  �G�A�  ��  ��  ���

:28� b!+]4 9��84+� ��+� b�7�:, �� .    �8��� &�

BURN    d��,  	BOPT   -28�2  b!+]4  ��+� ��  ��

G�A�9�  ���U���  b�7�  ����8�  .Z	:^  ��3 

  ����  d�671��:� b!+]4    ��-�)� �&��    �:� G���

  .%��  

G��H3.  ��� d�671��    :, ;C�� �� 9��84+� ��+� �:� b!+]4

MCNPX.  
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;A�  ��12  -28�2  >�4���9��84+�  ���  ��    ;C��

.%��  �:� ����  G�12  9��84+�  -)]^    �:*�+A��  -�)�

�&��    94�)��3� d��8��� 	 ���� [��\4 9�@ -28�2 ��

-� :, ��9� �+^� 9���� .:28� 

 

>�?12. >�4��� -28�2���  ;C�� 9��84+�9��84+� -)]^   -�)�

�&�� .�:�  

  ��  9��84+�  G��&  d:��8��� Burn �+��   -)��3�

 %�.�]<  .84�:  �:�  28�2 ���  67/5  �:� b!+]4    -, %��

  Z��]�08/136   %@��  9�  :��� 	   G��&  d:�  ��  +��+�
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