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ABSTRACT 
           Tracks on 6-micrometer polycarbonate film<PC> and on 12.7micrometer 

polyimide film were created by fission fragments from nuclear reaction between thermal 
neutrons and a yellow cake screen in Thai Research Reactor. The reaction occurs on film 
that is charged particles as high energy, which can penetrate into the film. The particles 
could produce fission tracke on polymerfilm. Track etching on 6-micrometer 
polycarbonate was performed in 6N NaOH solution at 60 Celsius .We developed the film 
in 60 minutes. Sizes of track depend on the time that the film spent inside the thermal 
column. The longerit takes, the more dense the tracks. It was observed that the 
densities of the tracks are best at 5 minutes, and there are not too few pores on film. So 
we chose at 5 minutes for fission track experiment on polyimide film. A part of etching 
12.7-micrometer polyimide into sodium hypochlorite solution at 10.6 PH which could be 
reduced by Boric acid. The track etching time was per formed for 30-80 minutes at 60 
Celsius that we find out tracks etching on film depend on the time of etching 1-6 mm 
discriminator,it is made of polyethylene placed between uranium screen and the 
polyimide film. The discriminator allowed only the fission fragments incident to the film 
perpendicular, to the film. 

 
 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

1.����ก	
��
������ 
         

 �������	
��
��ก��	��� micro filtration ��������	 !"#�$�#�����%&�'&(ก���	)*�
��+#��,-#�������	
��
��ก��	��� ultra 
filtration   ���   Nan filtration    ��0���    Reverse Osmosis   %�,��������	 !"#%&�    �6,������
!�7�	 !�-!�8��ก�9-��&:#�$	;<�
=,�#%&��=,#ก��	�������	
��
��ก��	���microfiltration'&(
:�-%>
?�)�ก'@�A ���� �,#
polycarbonate(PC),nylon,polyvinylidenedifluorid(PVDF),polypropylene,polysufone,polyethersulfone��0polytetrafluoroethylene(PTFE) 
 >Q#
��#A(�
��ก:#�(,�	�@�,!��(  #8��	)�ก #8R�-:�&* ��9-�� !#�(-�#,# 
#
�# %�,&$&;:�!�8� กA&>SAกA�A(�ก:�����0��(
��6��	ก��ก��	
-AT�ก��!#<�	
��
��
#ก��=�A6�=,#ก��	�������	ก"98�ก��(A	�=,#�����&�-(�#*U�9
����>�0)*@�:		�#�$	 ���-#?�%>���	
#����0��(ก�&!�8�
&,�	 7��7�#  @8��7(�(��(�#*U�9
!� >Q#�$ �8��#A-6��#-A�	 7���#($ � #�(� - 235 )0
?�
!� กA&>SAกA�A(��6ก6:- (Fission reaction)  กA&����:#��
�ก �#6� (Fission fragment) ��0�:	����ก�� '&(
������:#���ก �#6�)0���-��($,
#�,-	 70-160 !#,-(�-��06�� ��@�:		�# 61-93 MeV 2 
�#*U�9
���-���0@�:		�#�$	 !�,�#�R ������ 9�8��#
��
0�*=,�#-:�&*
�� >Q#a#-#��	  b   �,# �����'@�A ����
����9-��!#� 10-20 %�'9� �6� 
'&(
?�
!� กA&��(�c	7#�& �"ก -:6�*>�0�	9�7�		�#-A):(#�R @8��!� 	8��#%77�	 -��
��
��
#ก�����	ก:&��(�#*U�9
�� กA&)�ก����:�#���ก
 �#6��#�=,#�����'@�A9����� #6ก:�7#�&7�	�$
�� กA&7<R#  
          ก��
?�
!� กA&�,�	!�8��$�#�=,#�������	 @8��
��
#ก��ก��	 ������
?�%&�!��(-AT� %&��ก, 
-stretch membrane !�8� Extrusion stretching method  >Q#ก��(<&�������ก
���*e!U$�A�$	'&(ก��&<	'@�A ����
��!��� !�-��ก)�ก 9�8��	 
Extruder 
#��	
A+
�	
��6:R	a�กก:# 
?�
!� ��#
('@�A �������:กfe0 >Q#�,�	6�7,�( 
-Phase inversion !�8� Template leaching method 
��-AT��0��('@�A ����
#6:-
?��0��(���-#?�%>7<R#�$> >Q#�=,#�������	  �8��6:-
?��0��(
�0 !(%> )0
?�
!� กA& >Q#�,�	�#�=,#�����'@�A ����
���!�	��0�7"	6:- 
-Skin casting !�8� Double casting  >Q#ก��7<R#�$>�������	
�����,�	7#�& �"ก &�-(�����
�����,�	7#�&
!i, 
-Track-etch membrane 
��-AT�ก��(A	&�-(�#*U�9��>�0)* 
����@�:		�#�$	 ���-#?�%>���	
#����0��(ก�&!�8�&,�	 7��7�#  @8��ก:&7(�(��(
�#*U�9
!� >Q#�$ 
ก�0�-#ก��ก��	'&(
���=,#�������	 ��) >Q#ก���,	����0��(=,�#�=,#ก��	
!�&:ก):�����7-	��( '&():&
!��=,#ก��	�($,
��6?��!#,	
>��(
�	(Dead end filtration) 6:R	a�กก:�
A+
�	ก��%!� !�8��($,
��&��#7��	 (Cross flow filtration) 7#�#ก:�
A+
�	ก��%!� 
 
2.���ก�	�����������	��
���� (Nuclear fission reaction)  
>SAก�A(�#A- 9��(������:#(Nuclear fission reactor) 98�ก���6ก6:-7�	#A- 9��(� !��(�<	 ก��
��#A- 9��(�7�	T�6*!#:ก��	T�6*
�� >Q# �8R� @�A	 
 �,# ($ � #�(� @�$'
 #�(� �$ก�#&�-(#A-6��#���-�6ก6:-��ก >Q#��	 ���(	 >Q##A- 9��(�7�	T�6* ��
����7#�& ก8�� 
,�ก:#  ��(ก-,�=�=�A6
)�ก����:# (Fission product) @����ก:����#*U�9�:	����0@�:		�#�!�+���$ก>�&>�,�(��ก��&�-( 
 %�';'
>7�	T�6*!#:ก��	�#A&  �,# ($ � #�(�-235 ($ � #�(�-233 !�8� @�$'6 #�(�-239  �8��%&��:�#A-6��# )0
?�
!��6ก��ก >Q#��	 ���(	 
ก��( >Q##A- 9��(�7�	T�6*
�����-��06��7#�&ก��	;<�	����	(<& !#��(-6,�#A-9����#�$	7<R# ��0��9-�� ���(���ก7<R#&�-( >SAกA�A(�
��



#A- 9��(�7�	T�6*):�#A-6��#���-�6ก��ก ��(ก-,� >SAกA�A(�#A- 9��(������:# =�7�	>SAกA�A(� 
?�
!���ก��>�&>�,�(#A-6��#��ก�� 2-3 
#A-6��# ��0@�:		�#>�0��e 200 MeV %�';'
>
�� กA&>SAกA�A(�����:#%&� �8���:� 
����:�#A-6��#  ��(ก-,� kfission nuclidel  

 �8��#A- 9��(�&$&ก�8##A-6��#���-ก��( >Q##A- 9��(�>�0ก��
����@�:		�#�$	 ;<�	)0 กA&>SAกA�A(�����:#%&� &:	��&	%-�
#6���	

��1  �8��@�:		�#(<& !#��(- (Binding energy)7�	#A- 9��(�>�0ก�� ��9,��$	ก-,�@�:		�#ก�06*�# (Critical energy) 6:-�(,�	 �,# @�$'6 #�(�-
239 (239Pu)  �8��%&��:� 
����:�#A-6��#)0ก��( >Q##A- 9��(�>�0ก��7�	 240 Pu  ;<�	��@�:		�#(<& !#��(- (6.6MeV) ��กก-,�@�:		�#
ก�06*�# (5.0 MeV) )<	������ กA&>SAกA�A(�����:#%&�'&(	,�(��0��'�ก�� กA&>SAกA�A(��$	6��9,� Cross-section 
 
 

6���	
�� 1 @�:		�#
��6��	
��
#ก��
?�
!� กA&>SAกA�A(�����:#
#%�';'
>7�	T�6*!#:ก 
 
 
 
 
 
 
 
 
 
 

*@�:		�#(<& !#��(-7�	#A-6��# (Binding energy of last neutron) ��0@�:		�#ก�06*�# (Critical energy) 
#ก��
?�
!� กA&>SAกA�A(�����:#
7�	#A- 9��(�>�0ก�� 
 

%�';'
>
����@�:		�#(<& !#��(-7�	#A- 9��(�>�0ก��#��(ก-,�@�:		�#ก�06*�# )0
?�
!� กA&>SAกA�A(�����:#%&� ก"6,� �8�� @A��
@�:		�#(<& !#��(-7�	#A- 9��(�>�0ก�� 
!���กก-,�@�:		�#ก�06*�#'&(ก��
��#A-6��#@�:		�#�$	  �,#  238U  )0
?�
!� กA&>SAกA�A(����
�:#%&�6��	
��#A-6��#
����@�:		�#�(,�	#��( 1.5 MeV (5.5-7.0 MeV) %�';'
>
��%�, กA&����:#ก:� 
����:�#A-6��# �6,������ กA&����:#
 �8��%&��:�#A-6��#@�:		�#�$	 (Fast neutron)  ��(ก-,� kFissionable nuclidel 
#A- 9��(�7�	($ � #�(�-235  �8��):� 
����:�#A-6��# )0
?�
!�ก��( >Q##A- 9��(�>�0ก��7�	($ � #�(�-236 
�����U�-0@�:		�#ก�06*�#�$	 
;<�	)0�6ก��ก >Q##A- 9��(�7#�&ก��	 ��(ก-,� Fission Fragment @����ก:�>�&>�,�(#A-6��#��0@�:		�#��ก��>�0��e 200MeV &:	
6:-�(,�	7�	��ก��#A- 9��(��&:	6,�%>#�R 
 

235 236 * 141 93 2 200U n U Cs Rb n MeV+ → → + + +  
 

               Target 
Nucleus 

*Critical   Energy 
          (E crit ) 

*Binding energy 
of  
Last Neutron 
(BE n ) 

n critBE E−  Cross section 
(barns) 

232Th  7.5 MeV 5.4 MeV -2.1 MeV < 610−  

           233U  6.0 MeV 7.0 MeV +1.0 MeV 530 
235U  6.5 MeV 6.8 MeV +0.3 MeV 579 
238U  7.0 MeV 5.5 MeV -1.5 MeV 2.7x 610−  

  239 Pu  5.0 MeV 6.6 MeV +1.6 MeV 742 



 
�$>
�� 4 >SAกA�A(�#A- 9��(������:#7�	($ � #�(�-235 

 
@�:		�#
��>�&>�,�(��ก)�ก>SAกA�A(�����:#7�	($ � #�(�-235 ������9?�#-e%&�)�ก�-�
���6ก6,�	ก:#�0!-,�	 �-��-�ก,�#

��0!�:	>SAกA�A(� ;<�	)0%&�@�:		�#
��>�&>�,�(��ก��)�กก��9?�#-e�-�
�� >���(# >Q#@�:		�#6����ก��7�	%�#��%6#� 2E mc=  
@�:		�#�,-#
!i,>�&>�,�(��ก��
:#
�
�� กA&>SAกA�A(� ;<�	ก-,� 90%  >Q#@�:		�#)�#�7�	#A- 9��(�
���6ก��ก��!�8� Fission fragment 
'&(���:&�,-#7�	@�:		�#)�ก�#*U�9��0�:	��
��>�&>�,�(��ก�� &:	6���	
�� 2 @�:		�# ก8��
:R	!�&>�&>�,�(��ก��U�(
# -�� 1210−

-A#�
� ;<�	 Fission fragment )0 9�8��#
��%>%&�%�,%ก� 
?�
!�@�:		�#)�#� >���(#%> >Q#@�:		�#9-�����# 
 

6���	
��2 @�:		�#
��>�&>�,�(��ก��
:#
�)�ก>SAกA�A(�����:#7�	($ � #�(�-235 
    @�:		�#)�#�7�	 fission fragments 167 MeV 
    @�:		�#)�#�7�	 promt neutrons 5 MeV 
    @�:		�#)�#�7�	 Captured gamma ray 10 MeV 
    @�:		�#)�#�7�	 Prompt gamma rays 5MeV 

@�:		�#
:R	!�& 187 MeV 
 
#�ก)�ก#�R(:	��@�:		�#
��>�&>�,�(��ก��U�(!�:	 )�ก=�=�A6����:# (Fission product) 
�� >Q#%�';'
>�:	�� ��ก��#>�&>�,�(�:	����6� 
�:	���ก�����0��#6A#A-6�A'# &:	6���	
��3 
 

6���	
��3 @�:		�#
��>�&>�,�(��ก��
#U�(!�:	)�ก>SAกA�A(�����:#7�	($ � #�(�-235 
   @�:		�#7�	�:	����6��)�ก Fission product 7MeV 

   @�:		�#7�	�:	���ก���)�ก Fission product 6MeV 

   @�:		�#7�	#A-6�A'# 10MeV 

   @�:		�#
:R	!�& 23MeV 

 
#A- 9��(�7�	($ � #�(�-235 
�� กA&>SAกA�A(�����:#  �8���6ก��ก >Q#��	�,-# Fission fragments )0���-�%�, 
,�ก:# '&(���-��0!-,�	 70 �<	
160 !#,-(�-��06-� ;<�	�($,
#�0&:�#A- 9��(�7�	�06��7#�&ก��	 Fission fragments ���-�
����,	��ก >Q#��	ก�*,� �,-#
!i,)0 >Q#
#A- 9��(�
�����-�>�0��e 95 ��0 140!#,-(�-��06�� &:	�$>
�� 5 
�-�
���6ก6,�	ก:#7�	 Fission fragment ;<�	��,	��ก >Q#��	ก�*,� 
?�
!�@�:		�#7�	 Fission fragment �6ก6,�	ก:#��ก >Q#��	ก�*,� �,#ก:# 
6��กvก���#*�:กf�'� �#6:� 1 2( )mv mv=  
?�
!�#A- 9��(�
�����-���ก ��@�:		�#)�#�#��(ก-,�#A- 9��(�
�����-�#��( '&(�,-(
!i,)0��
@�:		�#>�0��e 61 MeV  ��0 93 MeV  &:	�$>
��6 



 
 
 
 
 
 
 
 
 
 

�$>
�� 5 �-�7�	#A- 9��(�
�� กA&)�ก>SAกA�A(�����:#��,	��ก >Q#��	ก�*,� 
 
 
($ � #�(��� �7�06�� 92 ��#R?�!#:ก�06�� 238.0289 ($ � #�(��($,
#T�����6A �� 3 %�';'
> %&��ก,  

($ � #�(�-234 234( )U ($ � #�(�-235 235( )U ��0 ($ � #�(�-238 238( )U 
:R	!�& >Q#%�';'
>�:	�� �6,�0%�';'
>���-� �:&�,-#7�	
%�';'
>(Isotopic abundance) 9�<�	��-A6 ��09��� ;9�:#
#ก�� กA&>SAกA�A(�����:# (Fission cross section)  �8��%&��:� 
����:�
#A-6��# ( , )f thσ ��0 Resonance Imtegral ( , )f Rlσ  &:	6���	
��3 ($ � #�(�-235  >Q#%�';'
>
����9,�9��� ;9�:#(cross section) 6,�

#A-6��#�$	ก-,�%�';'
>�8�# >SAกA�A(�����:#�,-#
!i, )<	 >Q#>SAกA�A(��0!-,�	#A-6��#ก:�($ � #�(�-235 
 

6���	
��3 9*e��:6A7�	%�';'
>7�	($ � #�(�T�����6A 

Isotope 234U  235U  238U  
Abundance 0.0055 0.720 99.2745 

Half-life(y) 810 2.46x 810  87.04 10x  94.47 10x  
,f thσ  5 mb 585 b 5 ub 
,f Rlσ  7 b 275 mb 13 mb 

mass 234.040947 235.043924 238.050785 

3. ก	7���ก�	ก�8	
�
�9:��(Particle track etching) 
 �8���#*U�9
����>�0)*
����@�:		�#�$	 =,�# 7��%>
#-:�&*
�� >Q#a#-#  �,# @���6Aก �ก�- !�8�=�<ก )0 กA&ก��%���%#;� 
?�
!� ก�&��(�c	
7#�& �"ก  �8�����	ก:&7�(�(��(
#����0��(ก�&!�8�&,�	 7��7�#  #8R�-:�&*6�	�,-#
�� กA&��(�c	 ���:6��ก���0��( �"-ก-,��,-#�8�# 
?�
!�
��(��7#�&
!i,7<R# )#�������:	 ก6%&�'&(
��ก���	)*�
��+#� 

 
 
 
 
 
 
 
 
 
 
 



 
�$>�,�	��07#�&��(7�	�#*U�9 �>�=:#6���#A&��0@�:		�#7�	�#*U�9-:�&*
��
���:#
<ก��(�#*U�9 �-�
:R	 	8��#%7
��
��
#ก�����	ก:&
��( %&��ก, 9-�� 7��7�#7�	����0��( �*e!U$�A ��0 -��
��
��
#ก�����	ก:&��( 
 
ก��+<กf�'&(ก��ก:&��(�#*U�9#A- 9��(��(Nuclear track etching) ��ก��>�0(*ก6�
��!��(&��#  �,# ก��6�-)-:&>�A��e�กx� �&�#;<�	 >Q#
�กx�
��
!��:	�������
#T�����6A '&(-:&9-��!#��#,#7�	��(�#*U�9������#����� CR-39 ก��6�-)-:&��(�#*U�9)�ก�:	9���Aก�#
�����@���6Aก  @8��ก��+<กf�
�	&���+��6�� ก��!���(*
�	T�e�-A
(� '&(9?�#-e)�ก9-��!#��#,#7�	��(�#*U�9)�ก>SAกA�A(�����:#
7�	($ � #�(�
#=�<ก (Fission track dating) �-�
:R	ก��
���#*U�9��>�0)*@��:		�#�$	-A�	
0�*=,�#�������	  @8��
��
#ก��ก��	
��6��	ก��
>�0�A
TAU�@�$	 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                             (ก)                                                                    (7)                                                              (9) 
 
 

(ก)�#*U�9������#����� CR-39 
       (7)Fission fragment �#�����9����� #6 

          (9)�#*U�9)�ก�:	��9���Aก�#����� CR39 
4. ก�	@A�����ก	
��
������B8�ก�	ก�8	
�
�9:��(Track etch membrane) 

�=,#ก��	�������	
��
�� 
9#A9ก��ก:&��(�#*U�9 
����)?�!#,�(
#
�	ก��9�� �,-#
!i, >Q#�����'@�A �����#A& Polycarbonate 
(PC) ��0 Polyethylene terephtharate (PET) ��ก��=�A6'&(
���#*U�9��>�0)*
����@�:		�#�$	  9�8��#
��
0�*=,�#�������	'@�A ���� ���-���	
#
����0��(&,�	 7��7�#
?�
!���(�#*U�9�0��(��ก)# >Q#�$�#������*>ก�e�
�� >Q#6�#ก?� #A&�#*U�9@�:		�#�$	 %&��ก, 
* 9�8��	 �,	�#*U�9(Particle accelerator) ��� Tandem!�8� cyclotron ;<�	���#����, !�"ก%��y�  �,	�#*U�9��>�0)*
�����-���ก 
!���@�:		�#
�$	  9�8��#
��
0�*=,�#�����'@�A ���� 
?�
!� กA&��(�#*U�9 
* 9�8��	>SAก�e�>���e$-A):((Nuclear research reactor) >�&>�,�(#A-6��#9-�� 7���$	��ก��
?�>SAกA�A(�����:# ก:�($ � #�(�-235 ;<�	 
Fission fragment 
�� กA&7<R# >Q#�#*U�9��>�0)*��0��@�:		�#�$	 ������ 9�8��#
��
0�*=,�#�=,#�������0
?�
!� กA&��(�#�����'@�A ���� 
�=,#ก��	�������	)�ก��ก:&��(�#*U�9 
����7#�&6:R	�6, 0.01 %�'9 �6� �<	 14 %�'9 �6� '&(���8�� ��(ก 6,�	b ก:#  �,# Tractk-etch 
membrane (TeM) 7�	��Af:
 Nerox Filter,Polycabonate track etch membrane filter(PCTE)7�	��Af:
 osmosics,SPI-pore Polycarbonate 



Membrane filters 7�	��Af:
 SPI supplies,Nucleopore polycarbonate track-etch membrane filter 7�	��Af:
 Whatman #�ก)�ก#:R# (:	��
ก�� ��(ก
#�8���8�#��ก �,# Nuclear track filters,trackmembrane,Track etch membrane filters,Nuclear track membraine filters,Track etch 
poretic screen membrane,Ion track filters  >Q#6�# 
�=,#ก��	�������	
��
�� 
9#A9ก��ก:&��(�#*U�9 ���:กfe0 &,#!��(>�0ก�� %&��ก, 
1. #8R�-:�&* >Q#@���6Aก!�8�'@�A ���� ;<	%�,�0��(
##R?�!�8�ก�& 
2. #8R��������9-�� !#�(-�#,# 
#6,���	&:#%&�&� 
3.�A�	
��6��	ก��ก��	%�,
?�>SAกA�A(���0%�,6A&�#=A-7�	�=,#ก��	 
4.ก��=�A6������ก?�!#&9-��!#��#,#7�	�����%&� 
5.7#�&7�	�$�#�����'@�A ������7#�&���?� ��� 
ก�� 9�(	ก:# 
?�
!���>�0�A
TAU�@
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