
�� 

 

���

�������������������������������������������������������

���������������������������������������

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��������	�
����
����������������
�����	���
������	� ���!�!�"���� �#�$%&��

��

'�#���!���(��)�
�����&�*�����+�,��	�**����!��-���.���/0***���

������	
���
��	���
�����		����	������	
��� !�"#	$�%&	
�'(���	)������	
�!(���)*�	+
�",	 	

Email:nikpey@gmail.com 	+-%.	�/�0�12�/314 

��	)5�6768.	 �	 $�%&	 ����	 ) �9��	 ��:;	 
�'(���)��
:	 <78�	 �
�
��	 
���)��
:	 <78�	 �
�
��	 *��=�	 *�>(���

*?���	�	��
:	<78�	
�!(���	 	

����"#	$�%&	
�'(���)*�	����	������	
�����
�����+
�",	 !	 	

 

��

��

����������	
���

��

��

��

��

��

��

��

��

��

��

��

��

���������	
���
�	�� 

������������������� �

��
���� 
�� �

�!
��"�#���� �

$
%&�
'�(�()*��

+&	&���!
���"),� �

��

��@�	A
��.�		�2B2B04�/	 	

C�
D#	A
��.��EB0/B04�/	 	

��

��

��

��

���12��

$��	��-�34
�+(		�7FG�	:�	�7�=��
���	�
	5�H7=�.	*�	���G	*�G	
����7�	:�	 I��J	*�	���G	*�G:��	K�7�	��

	 
L��<78�	��	�7%M.	:�	N7#	����G	�����J��	��
:	O	P�G	��	�QR�S�	+
��J��		��Q�	+��=	 �DI	*�G����

TDI	 
���=	�	�7��U	 ��
:��	�	 �7�;	*�G	VF�	:�	W%�M�	*�G	�H��	 ��	 
��	X9@�	���;		TDI	��I

�
�
	Y7��	5���M�	��	$�>��O 

�+��
�5-�(	) �7�;	*�G	VF�	��	
��	X9@�	��Q�	+��=TEDA	�HMTA		*�G	�H��	��EB�	)E	)EB3		)

0/@�	
���	 �:�	�@��	
�	:�	��(7�	�����	��J��	 R�%8�	C��	��	TZ�I	$��	�G	*�:�	��	
���=	X9O	5�QR�S�

	�	�-@	 H��	���[�	�	<78�	*���	<
���	��	 8S�	TDI1E		�\%]	��	�@��0�^0/		��	�
	Y7��	$�	 #	 #

��	$�>��	 8S�	TDI	5�%
�#	:�	*�7�	
���O	 	

�	�3���!(TDI	�7��U		 H��	���[�	��	��Q�	+��=	*��	��	�
�
	Y7��1E	_�	�������	_	:�	 )���
	NG�=

�	 
���	 �
D#	 K�!��	+7
�#	 H��	���[�	 ��	<
���	 ��	<6�	 ��Q�	+��=	*��	 ��	 �
�
	Y7��	`���	TDI	 ���
�						

	L��	 H��	���[�	��	�
�
	Y7��	��	
��R;	*��G	*�G	K�
�I	�7-a.	��	*��F�&�	Y��,	TZ�I	K���&	��	����.	 F�

����	X�S�O�	��	�
�
	Y7��	TDI	�7��U	��	
��	X9@�	��Q�	+��=	*�HMTA			 H��	���[�	��	<
���	��

	����	��	�	�����	 �I�.	Y��,	���	L��3B0		5��-.	�=	���	 �	TZ�I	$��	�G	*�:�	��	�
�
	Y7��	$��	 %7�

�����	 R�FQ�	��Q�	+��=	 �DI	�7��U	��	 ����bO 

���#� 36���(	 ��	 
��	X9@�	 ��Q�	 +��=	 ���	 �	 �\�	 ��TEDA		 *:��	 X9@�	�H��	 ��2^c		:�	 �@��

	*�I	<
���	��	*��F�&�	Y��,	TZ�I	K���&	��	����.	 �	�	
���	�����J��	�
�
	Y7��	*���	 H����	 �DI	�7��U

���	
��-���	W%�M�O 

��	��7�-����/�(	 �7�;	*�G	VF�	)�
�
	Y7��	)
��	X9@�	��Q�	+��= 

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

j.s
su

.a
c.

ir
 o

n 
20

26
-0

6-
29

 ]
 

                               1 / 9

https://tbj.ssu.ac.ir/article-1-180-en.html


4/ 

� �7�;	*�G	VF�	��	
��	X9@�	��Q�	+��=	*�G����	��	��G	:�	�
�
	Y7��	:��	PD�OOO	 	���

3��4���

	*�G:��	 �	 5��Z	 ��(���	 ��	 �>��	 *�	 ���G	 *�G���=��	�7R�Q�

	���:�7�	��
:	<78�	 ��	 �7%M.	 :�	YH,	 �=	 ���	 �	 �7�=�	 �
���

����G	����=	O	��	�7�=�	�
���	�
	����
	��(���	*�G	
��
L;	K�7�	��

���	 K���	 ����	 �	 :��	 ��	 �.	*�������	 K��:	:�	 �7d��7.	P�G	 $�

���	�����J��	 ������	
���
�	:�	 
L��	�7FG�e0	Of	�
	�\%]

	  I��J	 ��	 �7�=��
���	 :�	*�G	 
����7�	 *��::��	 *�G	 g��7�

	�.	*�	���G4/		��FQ�	��[	��	�	$�	 #	 #0B/		C��"�	$�	 #	 #

���	
��e�Of	Y
���	 �.*�97�	�a�	�G�		����=	��	*�a�&	�


	+��=	*�G����	*����Q�	���	 �I�.	 ����	 O	+
�	 K��	 ��!�;	 ��

	��	N�=��	�h�	 ��	�7R�.	 :�	i#	�%@��9�	*�a�&	�
	 �=	�676�

	�=	���	 �	Y
�H.	�
	 R;	5�H7=�.	��	�7��	��	��I��	 R;	����

	�����J��	��Q�	+��=	TZ�I	*��	��	TDI	��	*"7b��	Y
�F.	:�

������	 ���,	 �I�.	 ����	 
��	 X9@�	 *�G	 TZ�I	 )���	 O	��

Z�I	TZ�I	jS�	��	��I��	 
�7F7�	����	
��	X9@�	*�G	T

	��!��	 )����G	 �����J��	P�G	 
��
L;	 ��	  
L��	 Y
�F.	 :�	 �=

	 :�	 *���
�#	 �
�
	 *�G	VF�	k7.�.	 +
�	 ��	 �	 
��=	 �7R�.	 ��

���
	  �	 ��H��	  @�a�J�	  8S�	TDI	�7��Uec)4	 Of	X9@�

>
�	 *���	 ��	  H����	 <
���	  �7�;	 5�H7=�.	 ��	 ��Q�	 +��=	��


l
��	�	�G	
��
L;	:�	*��7��	��	i!%mF=	�	�
		gG���	�
�
	Y7��

	��=	 �e�^EOf 		 	

Park		 ���	 ��	 K���!FG	 �0��E		�	*�a�&	 �
	 8S�	TDI

	��%8�	��	
��	X9@�	��Q�	+��=	*��	��	��	�
�
	Y7�� �;�	�E	

	 +7�;	 *�	 +%7.�	 *�.	 �@��(TEDA)	����=	  ����	 O	n
���


�
	Y7��	�=	���	K;	*�
��	<
���	��	 ��	�	��	L��	 H��	���[�	 	

	 ��	 
��	 X9@�	 ��Q�	 +��=	 TZ�I	 <��.TEDA		��	 oHS��

	*�G	 �R��Q�	p���	 ��	 
��	 �H��8�	 8S�	TDI	*�G	 $�.�"
�

+7���	 �	 q7%�	 )r7R����	 )�7F'�L^	`���;^	TDI	 �G											

���	 �e0/Of Park		���	��	K���!FG	�0��E���[�	�h�	)	 H��	

*�G	 �l
�	��	TDI^		��Q�	+��=	*��	��	�
�
	Y7��	TDI��

	��	
��	X9@�TEDA		��	��	��	*�	�\�9�	Y��,	TDI	�	 ����

	����=	C��"�	L��	 H��	���[�	��	 ��	��Q�	+��=	��	��
�6�

	C��	 ��	 
��	 X9@�	 ��Q�	 +��=	 *������	 
���=	 �7d�.	 �=

���	�
�
	Y7��	 Fd��	TDI	��	 R�%8�e04^00Of	o68�	+7FG		��

���	�//0	*���	��	��	�
�
	Y7��	 �DI	5�7@�aJ	)�E/		�I��

	 ��	 
��	X9@�	��Q�	+��=	*��	 ��	 ���'7����EB1		 �:�	�@��

TEDA	 ����	�	TDI	���	  �Q�	�
�
	 Y7��		+��=	 *��	 ��

��Q�	 +��=	 ��	 ��
�6�	 ��	 ��	 
��	 X9@�	 R�FQ�		C��"�

����=e0c	 OfWood		 ���	 ��	 K���!FG	 �0�2E^0�20		TDI


�
	Y7��	X9@�	��Q�	+��=	*��	��	�7�=�	�
���	�
�
	Y7��	�	�

	��	
��TEDA	�����	���,	 ����	����	��	O	��	�
�
	Y7��	N�=��

TEDA		�7QH.	V
	 �I��	V7��7�	 :��	 
��=		TDI	K������

	��	
��	X9@�	+��=	<��.	�
�
	Y7��TEDA		�\%]	:�	Y6���

���	 �
�
	Y7��	 O��	n
���
	 �DI	 �����	 �=	 ���	 K;	 ��
�
	Y7��	

�	  R�FQ�		��	 
��	 X9@�	 ��Q�	 +��=	 *��	 ��	 �7�=�	 �
���

TEDA		TDI	 5�QR�S�	 ��	 K��.	  �	 �	 
���	 �'
�!
	 ���(�

	 �
�
	 Y7��	 :�	  8S� R�FQ�		�7�=�	 �
���	 �
�
	 Y7��	 *�I	 ��

��=	
��-���e0EOf	Deitz		���	��	K���!FG	�0�31		��Q�	+��=

	��%8�	:�	 
��-���	 ��	 ��G	 �7�;	VF�	 
�		+7�;	 ���.	+%7��	 �"'G

(HMTA)	����=	X9@�e01Of	 	

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

j.s
su

.a
c.

ir
 o

n 
20

26
-0

6-
29

 ]
 

                               2 / 9

https://tbj.ssu.ac.ir/article-1-180-en.html


40 

	�"
	������	
�!(���	 (G�l#	 F%&	����%a�	 	���

	�=��3M		��.	:�	 �-�.	*�G	V���	 
���=	 ��
:��	��I

	�\%]	��	�
�
	Y7��	Z�-�E	$�	 #	 #e	:�>�	��	�����	g7�	�	��

	*���	
��	�7@�.2	$����	��=	�&��	f	�	
��=	
��-���0	_	�\%]

*����eE/	 �	 #	 #	f��	TZ�I	��!�	�S6�	K���&	��	��		�\�

	 ��7��e03	Of	���	��	 ��G	�7-a.	*�G	g��7�	�7FG�	��	�I�.	��

	�	*�	���G	*�G	
����7�	:�	 I��J	�7�=�	�
���	*�G:��	�7-a.

	*�G	 V���	 �	 *�	 ���G	 *�G	 
�'G��#	 ��	 `�#	 *��G	 +7��.

�QR�S�	 +
�	 ) �-�.	 G�'(
��:;		+��=	TZ�I	 �Q��.	P�G	 ��

 �7�;	 5�H7=�.	 ��	 
��	 X9@�	 ��Q� TEDA	�	HMTA		�

	 �	 �-@	 H��	*�G	���[�	 ��	 ���;	TDI	 K������	  ��
:��1E	

���	
��	$�>��	�@��		O	 	

�+��
�5-���

�R�����	��Q�	+��=)	�
�
	Y7�� 	��Q��	��EB�		)	���	 %7�TEDA		��

	 :�	 ��(7�	s�%J�2	 _	 �HMTA		 :�	N7�	s�%J	 ����	 _	:�

��	�7�.	`��	�=��	O	 !
��!R�	�
��G	��	 ��a�	�S6�	T;

	 :�	 ��F=	 �QR�S�c		i�F
:��!7����	 O	:�	 
��-���	 ��	 ����	 +
:�.

	
��	
�H7R�=	*�:��.Sartorius		���Extend		�,�	��0B/		 %7�

��	$�>��		$��	O R�FQ�	
���	��	��	��Q�	+��=		�	
��	X9@�

	  �7�;	 ����	 ��TEDA		 �HMTA	������	 ���,	 �QR�S�	 ����	O

��=	X9@�	*�G	��%8�	*�G	TZ�I	�=	����	�7�.	*�8�	��	 
�

	*���	 
��	��J��EB�	 )E	 )EB3	)0/	 �:�	�@��	 
�	 :�	 ��(7�	 �

�����	TZ�I	$��	�G	*�:�	��	
���=	X9@�	
���	O	)��\��	+
�	��

 �����	i7J	g>�	�����		TZ�I<��.		V
	*�:�	��	�S6�	T;

	 �H��8�	 ��Q�	 +��=	 $��	 �	
���=	 X9@�	 ����	 :�	 $:L	 �
��6�

k�����		i7J	T;	g>�	��	TZ�I	K:�	�� �����	��	
��"��	O

	�
��	K�:	gG	<
���	��	
�S,	
�S,	�	 ���;	��	Y@��	��%8�

��	
��"��	TZ�I	��	O	
��	X9@�	*�G	TZ�I0�		K�;	��	�&��

	*���	 ��4	��0/c	V(J	9��=	 �.	������	���,	���'7����	�I��

	*����'�	����	��	P��U	��	
��-���	K��:	�.	im�	�	
������	O

	���6�TEDA		�
HMTA		P9�J�	�H��8�	��	TZ�I	��	��I��

	K�;	:�	t��J	:�	i#	�	*:��	X9@�	��
���	:�	YH,	���F�	K:�

��	+77Q.	 O	 	 8S�	TDI	5�%
�#	 ��	 8S�	TDI	5�QR�S�

	 ��	 ��Q��	$�>��	 ���	 
��	  ���[	 ��\��	 +7FG	 ��	 �=	 "7�

��eY!�^0Of��

��

	 	

	 	

	 	

	 	

	 	

"1�8�(�!�"����9���:
�$%&����
��
%;���	���
��!�����<�=��	�>?!�� ��,���+�������

��

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

j.s
su

.a
c.

ir
 o

n 
20

26
-0

6-
29

 ]
 

                               3 / 9

https://tbj.ssu.ac.ir/article-1-180-en.html


4� 

� �7�;	*�G	VF�	��	
��	X9@�	��Q�	+��=	*�G����	��	��G	:�	�
�
	Y7��	:��	PD�OOO	 	���

 ��	�	 H��	���[�	)���	*:��	<
���	:�	i#	:�7�	����	*��G)	

	�H��	 ��	 u9J	 $�[�J	 :�	 ��H&	 ��	NG�l#	P��G�	 ��	k�����

	
��	W
�Q.	�\%]	��	�	v�%M�	�
�
	Y7��	5���M�	 ��	k����

��	�
��G	 8S�	TDI	*�G����	��	O	Y7��	�\%]	o7,�	����=

	:�	  H7=�.	 :�	 *�7�	 
���	 ��	 o768.	 P��G�	 ��	 k�����	 �
�


��	 $�>��	 w���	 ��	 �	  �:��	 *�G�7�	 O*�G	 NM�	 v�H.��	

	��	 
�G	NM�	��	�	*�	�(7�	*�G	�R�R	<��.	�'
�!
	��	W%�M�

��	 $�>��	 K�'
�.	 *�G	 �R�RO		��I	*���	 ��	 ��G	 K�
�I	 �7R�.

	 ���7��R;	Y
�=	:�		��G	K�
�I	�7��	:�	 (M�	��	)
��	W
�Q.

	 %J��	�S,	��c		��[	�	���	 %7�0/		+�	
�'���	��	x�y���	)���

��	 
��-���	 *���	 O+����	 �\�	 ��	 ��		:�	 YH,	 �G��	 ��	 *�G�7�

��G	*�����	 ���F�	K�!��	 �DI	*�G����	:�		 I��J	�	*����

*��!���	K���	 �DI	*�G����	��	��	gG���	g��7�	 O	*�G����

	�S,	��	i=�7#	i�I	:�	 �DI	 %J���B2	���	 %7�		z�-.��	��B1	

	���	 ���������	O	 �DI	*�G����	:�	 I��J	*��G	K�
�I	:�	i#

.	g��7�	��	TDI	�7-a��	 �	�
��G	
�'(
��:;	t��J	��O	 	

	+77Q.�\%]		�
�
	Y7��	<��.	:�	Vb��	g76���	�d��,	
�'���

	�=��ION SCIENCE		��	*���	N��
	:��	��!�;	��	"�>�

	N-��	 u�����	 q�L1B00		{7M(.	 ��	 �	�R�	 K���!R�	 �%7=

	 F=�/	 �	 #	 # ppb��	$�>��	 O	��[	��	
�'���	K�7���H7R�=

	���:��<��.	�	���������	*�G	���F	
��	�7�.	�L�.	*�G	��7=	��

��	 $�>��	 O��G	 K�
�I	 �	 *��H&	 *	  H��	 ���[�	
��-���	 ��

�:�	*�G����%�	��	*�7�	
:����	|�R��;	n��	���[�O	 	

		�������}}��	C��	p�}}��	�}}�	 8S}}�	TD}}I	5�}}QR�S�D-3803	

	K��:��ASTM					o}F&	�}�	 
�G����	��E					�&�}�	�	�}��	 ���}�

	 SJ2B0�^	1B00	�	�}�	$�>��	�67,�	��	��O					��}\��	+}
�	�}��EB0	

		g>�	��	TZ�I	$��0/2B4		z�-.��	�	kQ!�	���	 ����E			 ���}�

*�%�	��	���3//			�}
�
	Y7��	�\%]	�	�67,�	��	��7R	 %7��/^	0�	

������	���,	 ����	����	$�	 #	 #	O					
�}��=	+7}7Q.	N}6�	�S}����

				)��}G	K�}
�I	��}H&	�����	��	 �DI	����	 ���(�	�I��		
"7R�}��=

			*�
D}#	���}!.	��	��a�	�	p���:	��!�	
�
�#	:���	�	K��

		)n
�}��	k����		K��}=	�}#				 �D}I	*�G��}��		�}�	
��}FG			K�:	���}~

��	$�>��	$����O	 ����	�}7��U	�				�}R��	��	 �D}I	��}���		*�}G	

	 &�H��	�
	 R��Q.	TDI	�7��U	� �DI	�7��U		 !7��7}�			��	�}�

��	$�>��		�
�
	Y7��	$�	 #	 #	g7�	��!�	�S6�	*�7�	�\�O���

�	�3���!��

 �DI	�7��U	�	 �DI	�����	��
�6�		��	
��	X9@�	��Q�	+��=

W%�M�	*�G	�H��	
���=	X9@�	
���	:�	TEDA, HMTA		��

	�	�-@	 H��	���[�	<
���1E	����F�	��	�@��	*�G4^0		�d���

���	
��	O	 	

��

��

��

��

��

	 	

��������8�(��
����������������
����
%;�����TEDA�@HMTA��������.���A���<
�B��C!��������

0
0.21 0.87 1.82

4.06

6.33

8.96

0

2.92
3.85

5.07

0

4.66

0
0.35 0.59 1.11

21 21.5
19.11 19.11 18.5 19.35 19.11 19.11

0

4

8

12

16

20

24

0 1 2 3 4 5 6 7 8 9 10 11

��
��
��
��
��
��
	

�

�

�
��
��
�
�

� 	K��:e�&��f

9.2%HMTA
6.8%TEDA
8.8%TEDA
13.3% TEDA

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

j.s
su

.a
c.

ir
 o

n 
20

26
-0

6-
29

 ]
 

                               4 / 9

https://tbj.ssu.ac.ir/article-1-180-en.html


44 

	�"
	������	
�!(���	 (G�l#	 F%&	����%a�	 	���

�����

����

����

����

�����

����

����	

�����

����


���


����

�	�	�

�

�

��

��


�


�

��

��

��

��

�
��
��
�
��
��

�
�
��
��

�
��
��
��
��
���
��
��
��
��
��
��

�
��
�

��

�

��

��

��

��

��

��

��

��

��

��

��

������D (��
����������������
����
%;�������3�!�4�TEDA�@HMTA���A���<
�B��C!������EFG��

��

��

��

��

��

��

��

��

��

��

��

��

������H�(��
����������������
���I%;�<���JTEDA��@HMTA���
TEDA�������.���A���<
�B��C!������K�1?��L�-

FMEF�����K�� �����	�L��

 

��

0

0.9

2.27

3.46

4.26
4.96

6.094

6.93
7.4

8.28

0.693

1.43

2.5

4.66

6.03

6.96

8.54

0.55
1.25

3.1

4.42

5.53

7.34

12.54 12.54

14.33

16.01

17.92 17.92

16.82 16.72

15.53

16.6

0

4

8

12

16

20

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 1010.5

��
��
��
��
��
��
	

�

�

�
��
��
�
�

�

������ �!�

9.2%HMTA

6.8%TEDA

8.8%TEDA

13.3% TEDA

CH3I inlet(ppm)

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

j.s
su

.a
c.

ir
 o

n 
20

26
-0

6-
29

 ]
 

                               5 / 9

https://tbj.ssu.ac.ir/article-1-180-en.html


4c 

� �7�;	*�G	VF�	��	
��	X9@�	��Q�	+��=	*�G����	��	��G	:�	�
�
	Y7��	:��	PD�OOO	 	���

���#�36����-�NO
��

+7�;	 ���6�	TZ�I	 ���J��	 ��	 ��I��	
��	X9@�		 �H
�6.�4_	

	���6�	:�	��F=	V
���.���		�%&	��	L�F���	�=�7MH.	Y��&		:�

TZ�I	���J��	<��.	 �7�;	Y��&	���	�
	�	����	 �	T��#		+
�	��

*�G	C��	�Q��.	5���~	p���	�7\�	 R�%8�	�7]		��	 "
���%�

���	 �	p����O	 	

	*����	�\%]	��	�
�
	Y7��	TDI	�7��UEB00		��	 $�	 #	 #

	�	�-@	 H��	���[�	<
���	��	��Q�	+��=	*��EB1E	�@��		��

	k7.�.4B1		 �EB/		+��=	$��	�G	*�:�	 ��	�
�
	Y7��	 $��	 %7�

���	 ��Q�	 O	�=����	  �	  !
"7�	 z��	 :�	 ��Q�	 +��=	 ��	 TDI

��!%�	 �	 
���	  @�a�J�	 �7]	 *��
���	
��
L;	 *�G		�h�	 ��

) �R�������	*�G��7�		*��;	�FI	TZ�I	jS�	��	�
L	��b	��

����	 �e02	Of	 	

)L��	 H��	���[�	<
���	��	�
�'
�I	��	T;	*�G	��!%	*�G	

	��I��	*�G��#��!7�	K;	��H���	�	
��	*��;	�FI	����	T;

����	 �	�#	��7d��	�h�	�S����	��Q�	+��=	jS�	��	O	��	
�
�#	+
�


�'
�I	��	�
�
	Y7��	����	:�	�Q��F�		+���=	kH�	) �DI	*�G

��	�G��J	��Q�	+��=	 �DI	�7��U	:�e02)00	Of	)�QR�S�	+
�	��

DI	�7��U	 H��	���[�	��	��Q�	+��=	*��	��	�
�
	Y7��	T

1E	 _	 ����	 ����	 _	`���	TDI	 ���
�	 :�	 )���	 ����
	NG�=

	 H��	���[�	 ��	<
���	 ��	<6�	��Q�	+��=	*��	��	�
�
	Y7��

	*��F�&�	Y��,	TZ�I	K���&	��	����.	 F�	�	
���	�
D#	K�!��	+7
�#

[�	��	�
�
	Y7��	��	
��R;	*��G	*�G	K�
�I	�7-a.	��	 H��	���

����	X�S�	L��e0�)00Of	 	

	��	 
��	 X9@�	 ��Q�	 +��=	 *��	 ��	 �
�
	 Y7��	 TDI	 �7��U

HMTA		�����	 �I�.	Y��,	���	L��	 H��	���[�	��	<
���	��

	 ����	 ��	 �3B0		TZ�I	 $��	 �G	*�:�	 ��	 �
�
	 Y7��	 $��	 %7�				

	 R�FQ�	��Q�	+��=	 �DI	�7��U	��	 ����b	5��-.	�=	���	 �

�����)		 ��	 
��	X9@�	 ��Q�	+��=	 ���
�	 :�HMTA		����.	 F�

 H����	 TZ�I		 
��-���	 *���	 <
���	 ��	 *�I	X�S�	 W%�M�

����O	 	

	 ��	 
��	X9@�	 ��Q�	 +��=	 ���	 �	 �\�	 ��TEDA		�H��	 ��

	*:��	X9@�2^c		Y7��	*���	 H����	 �DI	�7��U	 :�	 �@��

�&�	Y��,	TZ�I	K���&	��	����.	 �	�	 
���	�����J��	�
�
	*��F

���	 
��-���	 k����	 *�I	 <
���	 ��	 O	X9@�	 *�G	 �H��	 ��

	*�7����,	)�.L��	*:��	:�	�
L	��b
���=	X9@�	
���		*��	��

	jS�	 :�	+���=	�
���	 ��	 �	 �G��#	 g>�	 :�	+���=	kH�	 )gG

��	 �G��J	TZ�I	 �DI	 O	C��	 ��	 �G	 ��!R��	  8S�	TDI

�
L	 ���
�	 :�	 )���	 �	 $�>��	 �
L	V
	 ��	 
�7F7�		+
�
:	*�G

	��	)���=	 F�	�=��	N�=��	��	�!�;	+F~	
���=	X9@�	
���

	TDI	�7��U	:�	+���=	kH�	�G��#��!7��h��	jS�	:�	+���=

��	 ��G��J	 O	*�G	�H��	 ��	  8S�	TDI	�7��U	 ��	NG�=

	 :�	 ��F=	 *:��	 X9@�c			X9@�	 $�&	 �S����	 L�F���	 )�@��

��	�G��J	
���=	X9@�	
���	��	TZ�I	jS�	$�F.�O	 	

��	 ��Q�	 +��=	 X9@�		P�G	 ��	  �7�;	5�H7=�.	�7��U	N
�"��

�	T�[��	<
���	 ��	�
	 R;	5�H7=�.	TDI���	 �	 $�>�O		��

	 �7�;	5�H7=�.	K�7�TEDA		����	��	C�I	�S6�	��0�E		�I��

	��
�7��	��	���'7����3B2	��!%�	�
��	:�	����	 ��	�
	�	���(�	�=	

"7R�.�=	V
	 K���&	 ��	 )���	  �7�;	 *�G	X�S�	 g��	  d�7%,	 ��

���	O	T�J	��7��	 ����=	i!%mF=	s��J	�	L��	C�I	�S6�

 ���(�	 �	 K��6.	 :�	  ���	 
���	 +
�Symmetry & 

Compactness	����	 �	 R�!%�	���J��	O	 	

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

j.s
su

.a
c.

ir
 o

n 
20

26
-0

6-
29

 ]
 

                               6 / 9

https://tbj.ssu.ac.ir/article-1-180-en.html


4E 

	�"
	������	
�!(���	 (G�l#	 F%&	����%a�	 	���

	��	��Q�	+��=	jS�	X9@�	��TEDA		��	 !
"7�	 8S�	TDI

	 �77y.	  
�7F7�	 TDI	 �	 ����
	*�G	VF�	 Y!�	 ��	 �
�
	 Y7��

	$�7���;	 �DI	*�G	
�'
�I	��	�
D#��	�(���	��[	��	 
�.���b

	 N�=��	  ��G�e0cOfTDI	 
�7F7�		`�����	 ��	 YF�(�

	�=	���	TZ�I	jS�	�	
��	TDI	*�G	��!%�	+7�	 ����!R�

���	  !
"7�	 TDI	 :�	 �.	 *�,	 ��7��	 OF7�	 TDI	 ��
���7	 
�

	s�J	�	
���	TZ�I	jS�	��	��!%�	�
L	V
	TDI	��	���8�

	��!%�	z��	V
	�7%��,	:�	�=	���	�G	��!%�	:�	 @�J	
���	�


	����	 ���
�	 :�	 )����G	 �����J��	 K���!R�	 *��D�	`�����	 ��

�7h�.	T;	*�G	��!%�*		����	��G��M�	 8S�	TDI	�7��U	��

TZ�I	 jS�	 ��	 
��
L;	 ��!%�	 ���J��	 �		 kH�	 ��>
�	��a.�

g!8�		 �	�\%]	 ��	 ���Q.	 �R��	 :�	 Y6���	 �	 �
D#��	 �(���

��	 ��!%�		 TZ�I	 ��	 
��
L;	 *:��	 :��	  ����e0�	 Of	+
�	 ��

	  H��	 ���[�	 �	 ���(�	  �\%]	 <
���	 ��	 p���1E_	X9@�	 )

	 ��	 ��Q�	 +��=TEDA		�7��U	 �Q�	 �8�	 ��	 ��	  8S�	TDI

�7(M�	��H��	*���	O	TDI	�7��U	n
���	*�
D#	���!.	��	5��-.

	  8S�	 ��	�I��	 ��	 5��-.	 �%&	 ��	 L�F���	 ���(�	 *�G����

	 ���(�	�#	
�8�	:�	 ���	�=	����	 �	����	
��G�	Y7!(.	5��Z

	  �DI	 ����	 K��=����	  �O		��	  �DI	*�G����	 �QR�S�	 +
�	 ��

*�	�(7�	W7,	:�	
��-���		K���#	<
���	��	�	���~	��	$��.	 ,�-.�

����	  �	 �#OPark		 K���!FG	 ��//0		��	 ��	  ���(�	 <
���

���(�	9��=	 �DI	*�G����	TDI	�7��U		�=	��Q�	��	p�F.

:�	  ���h	 *�G	 �\%]	 ��	�
	 Y7��	 5���M������	 �
	C��"�

����=e0/fO	 	

	Parish		���	��	K���!FG	�0�31		����	K��=	�#	C��	��	�7h�.

	����	 8S�	TDI	K������	�	��G	K�
�I	�
:�.	��	��	 �DI	*�G

�����	���,	 ����	����	O	K��=	�#	
�8�	�=	���	K;	*�
��	n
���

���	 �7h�.	 ����	 �DI	 ����	 ��	 ��G	 K�
�I	 �
:�.	�7-7=	 ��	 g76

	K��"FG	*:��	g=����	�	K��=�#	<
���	��	n
���	+
����	�	�����

	 �	 ����	  ,�-.�	 K��=	 �#	 <
���	 ��	 n
���	 +
�.	 W7Q~	 �

;
�e�/Of	 	


��	X9@�	��Q�	+��=	�=	���	K;	*�
��	 ����	+
�	n
���		��

TEDA		*:��	X9@�	�H��	 ��2^c		�7��U	 :�	�@��	TDI

���	�����J��	*�I	W%�M�	<
���	��	�
�
	Y7��	*���	 H����O	 	

	��

References 

1-Petrangeli G.Nuclear Safety. Elsevier Butterworth-Heinemann.2006:243-257 

2-Herrmann F.J Herrmann B. Hoeflich. Removal Effkiency of Silver Impregnated Filter Materials and 

Performance of IodineFilters in the Off-Gases of the Karlsruhe Reprocessing Plant WAK., 24th DOE/NRC 

Nuclear Air Cleaning and Treatment Conference.1998. 

3- Kovach J.History of Radioiodine Control, Proc.�25th  DOE/NRC nuclear Air Cleaning and Treatment 

Conf,2006 

4- Marsh H. Rodriguez F.Activated Carbon. Elsevier Science & Technology Books.2006:347-353. 

5- Cornelissens E.G.P. Van Der Lugt G.Van Der Plas T.Adsorption of gaseous methyl iodide by activated 

carbons. Proc. IAEA/SM 1989;89(43):647.-654. 

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

j.s
su

.a
c.

ir
 o

n 
20

26
-0

6-
29

 ]
 

                               7 / 9

https://tbj.ssu.ac.ir/article-1-180-en.html


41 

� �7�;	*�G	VF�	��	
��	X9@�	��Q�	+��=	*�G����	��	��G	:�	�
�
	Y7��	:��	PD�OOO	 	���

6- Kovach JL.The evolution and current state of radioiodine control.Nucl. Safety1982: 23:44-56. 

7- Ackerman FJ. Grens J.Z. Mechanisms that affect the adsorption of methyl iodide on charcoal under humid 

conditions. 9th AEC Air Cleaning Conf USDOE CONF-660904,1996: 230-249. 

8- Wren JC. Moore C.J.The effect of weathering on charcoal filter performance: 1. The adsorption and 

desorption behavior of contaminants. Nucl. Technol 1991; 94: 242-261. 

9- Taylor CG. Griffiths J.G.Testing of impregnated charcoal for the trapping of radioiodine: Measurement of 

Kvalue by the profiling of unsegmented beds. Carbon1991; 29:101-105. 

10- Park H. Lee H.K . Adsorption Charectristics of Elemental Iodine and Methyl Iodine on Base and TEDA 

Impregnated Carbon. journal of the Korean Nuclear Society,1995; 28(1):143-149. 

11- Park SW. Park H.S. Leeb W.K.Effect of water vapor on adsorption of methyl iodide to�

triethylenediamine-impregnated activated carbons, Separations Technology1995;5:35-44. 

12-Collins DA. Taylor  L.R. Taylor  R. The Development of Impregnated Charcoals for Trapping Methyl 

Iodide at High Humidity. British Report.1966: TRG-1300. 

13- Collins DA. Taylor L.R. Taylor  R.The development of impregnated charcoals for trapping methyl iodide 

at high humidity. Paper presented at the Proceedings of the 9
th
AEC Air Cleaning Conf.1966; CONF-

660904,1:159-196. 

14- Park  H. Kim IT. Lee J.K. Effect of Temperature on the Adsorption and Desorption�Characteristics of 

Methyl Iodide over TEDA-Impregnated�Activated Carbon2001;2(1):9-14. 

15- Wood GO. Respirator canister testing for radioiodine. Am Ind. Hyg. Assoc. J.1981;42(8):570-578. 

16- Deitz V.R., Blachly C.H. New charcoal imprignants for trapping methyl iodine, I. Salts of the Iodine 

Oxyacids with Iodide or Iodine and Hexamethylene tetra amine II. Applications to a Variety of Base 

Charcoals,16th ERDA Air Cleaning Conference ;1978. 

17- 3M Occupational Health and Environmental Safety Division.3MTechnical Data Bulletin,2001,Available 

from: 3m.com/wps/portal/3M/en_US/Health/Safety/Products/Catalog. 

18- Bansal R.C. Goyal. M. Activated carbon adsorption .Taylor & Francis Group, LLC. 2005:178-193 

19-IAEA Radioiodine removal in nuclear facilities - Methods and techniques for normal and emergency 

situations. IAEA Technical Reports Series No. 201.1980. 

20- Parish HC,Muhlenhaup RC, Vogelhuber WW, An experimental investigation of the relationship between 

bed packing and flow distribution,14th ERDA Air Cleaning Conference.1986. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

j.s
su

.a
c.

ir
 o

n 
20

26
-0

6-
29

 ]
 

                               8 / 9

https://tbj.ssu.ac.ir/article-1-180-en.html


43 

	�"
	������	
�!(���	 (G�l#	 F%&	����%a�	 	���

Methyl Iodide gas Removal  From the Air by Activeated Carbon Imprignated with Amine 
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Abstract 

Background:Control of radioactive emissions from nuclear power plants, particularly radioactive 

iodine compounds before discharge to the environment is important. 

Methods: In this study, methyl Iodide vapour adsorbtion capacity  was evaluated on the basis of the  

activated carbon and TEDA (tri ethylene di amine), and HMTA (Hexa methylen tetra amine) 

impregnated activated carbon bed . 

Results: The amounts of chemisorption and physical adsorption of methyl iodide were measured in 

different humidity levels (0 & 65%) for base and HMTA,TEDA-impregnated activated carbons. 

The physical adsorption of methyl iodide in the presence of water vapor was low. The significant 

amount of chemisorption even in high humidity conditions confirmed the effectiveness of TEDA-

impregnation for trapping methyl iodide permanently. 

Keywords: Impregnated activated carbon, Methyl iodide, Amine salts 
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