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سريجذب وس) III(ميون آم عاملMCM-41يلهيبه لانينوسيدار شده با گروه

فقيحس شيرا خونساري، سم*انيهين ي نصرآباديما نصري،

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

%:ـدهيچك ��
���� -.�/0 123��0�4� MCM-41&% ���56$% �7 CTAB� 8��9 :%;<= �7 TEOS7$ >?<� :%;<= �!@!+� 46<$ �A .
%4	% �;C<� �7
	�D -!EF�G HI$ �EJG ��.2�7 �+� 46<$ KL�'!0��0 ;<!�M N2�O;6��$!P#Q% :#�+.EF�G ��6R�$ �S. �S7

 &% ���56$%T�� �.2XRD�IR �BET �TG-DTG$��7 �+�+� .&%EF�G NH2-MCM-41%�72UJ, 
�$ :;
V)III(W;@X� &% 
7'���;� �	�  �%�9 ���56$% .%�� �Y%
7�ZM [�N��� pH��% �C@\ �!M�O �!$��7 ��� � 3�"M :��& �:;�+�� � �+�!47!)!�<2EJSG 
��]=pH+�' �$� �7 .

�3:يديكليهاواژه�0�4�MCM-41_	�D !EJG �_EF�G NH2-MCM-41_�$
V)III(.
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2��7'�o� 2�o� �2����;R �:�!�!�	 :%�
% �$�<� ���O � �$�<��;@7 �@Z� ���

%� :' �O +�' �$� t+� �7 np2��� �� �=�$ �%�9 [!X�
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��O
� V%�7 2W;z�;� :+� %+G N"= �+<.� 8��9 ��' 2�.

 2��� �� :+� �<!�@wK�nK t+� �7 �np+� c�Z�% �=�$ 
]�.[

 NH2-MCM-41سنتز

q/n�7 �+� 46<$ EF�G &% c�  l��6!� �@!� KLN!0��0 ;<!�' 
:#!$ ��w;6� 2�M]���2[��nq| �v)R 1s;�;M �6!� �@!� 
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t+� �7 xy$ �+� ��%� ;)6�� 1s;�;M W#,np:��� �=�$ 

�	�  �%�9 :�' .��+� v)R EF�G �
��� ��%�E�!$' ��O
V
]�.[

ها نمونهييشناسا

%�72EF�G �
�$�<� 46<$ �+��T%�0 2;(�% ;M�0 
xz
%(XRD)  ��;"� �.�7��(6$� XRD W+� 

D8ADVANCE�w��7 �w�� �R�$ �&% ���56$% �7 >?<�
 �5!f [R �7 x� Kαi;� W;f �7 qp|]/l�!�M c�6�(�' 

+
��  .%�72�!�M 2j!f 2�.IR ��(6$� &% IR W+� 
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x0�!�M � :��w E�!$' &% 2��9 �j!f ��$��	��;"� �� �.

�!,��2lLcm p||||Lp|| �
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t&% 2��� �� t&% ��(6$� &% >
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���� �

��;"� &% ���56$% �7 �.���  c�G�
W+� TA400 �O�� �R�$ 

�&�7�� �.����  +<
'�	 ��@6�2
��� �˚C~|| Lnq����)	
� ;G �.����  �=�$ �7 nq�G�� 26��$ !�%�(�9� �!�� � ��

 &�  [!X�t&% c�Z�% ��	� .

 جذبيبررس
 pHاثـر

% �$��7 2%�7�YpH�pW;@X� �C@\ �7 |||�lp/|&% �b;� 
�$ :;!M�w
V)III(VZ, �7 q|� �@!� !�� ��6��6� 2pHn

�M]2�I7 �� � ���w �!�M EF�G �7 3�"M �� �<@!M% �@0 2�.
�	�  �%�9 �+� P#Q% .t+� �7 U�D t�
;6X�p��� �=�$ 

+� ��& V. �7 �+<.� :�zM ��(6$� �� [!X� 2��� .�6�% �� ��
 � +��G 2�.&�	 &% ���56$% �7 � :;(7'
� 4O�� {
4%+G V. &% 

+�+�j!f T�� �7 W;@X� �C@\ ��"M% �Z<$ (ICP) 
�&%+�%+� 2�! .

 اثر غلظـت

��C@\ �Y% �$��7 2%�7l|W;@X� V
�$ &% )III ( ����6�  
�6C@\|||�lp/|L||||�lp/|VZ, �7 � �b;� q|�@!� �6!�

�� pH !�M �<!�7 2�I7 �� � �2�. �7 3�"M �� 1@!M% �@0 
+� ��%� �%�9 �+� P#Q% EF�G .W;@X� t+� �7 �+� �!�M 2�.

p�:�zM ��(6$� �� [!X� 2��� �� ��=�$ ��& V. �7 �+<.�
+� .�C@\ � 2&�$%+G EF�G ��C� ��;� :��& ��J  &% x0
�$
V)III (�&%+�% W;@X� ��+� 2�! .

 اثر زمان تماس

����6� 2����& n�Mp�� �=�$ ���<!�7 [
%�� �� �C@\ 
pH�	�  �%�9 �$��7 ��;� [!X� 2��� �� 3�"M :��& �!Y�M .

�@Q�	 ���.2���& �`M!!%+G +��G &�	 &% W;@X� &�	 ��+� 1
�$ � �+�
V)III(�&%+�% ��;� �	�  �%�9 2�! .

 اثر دمـا

�M �7!!����2� ��+<.� :�AM ��(6$� �� E' c�", EJG :%4!
� �� :;!M�w��2�.nq�Kq�pq�G�� 2�6��$ � �%� ��

��C@\ �C� &% �<!�7 [
%��pH�&%+�%�3�"M :��& �2�! �+.

و بررس يبحث

ها نمونهييشناسا
XRD 

f!j�.2XRD��;"� �.2MCM-41 >G��]�) [a(�
MCM-41 �+� 46<$)b(�NH2-MCM-41)c(NA� �� �l

+� ��%� :�)�+�.�%;(2T%�0 ;M�0 X�6�7%���;"� �7 2
MCM-41 �
f [R {!5�;92)l|| (��Өn�7%�7 q/n�� �

f [R!5�`*!j�M)ll| (�)n|| (� :�)� �;R &%��O +.�
�+<.+��)�2�;0�4� ��6R�$ �;G� 2���; %4(. ��$% .&% x0

?rM!�KL�'!0��0 ;<!�M N2�O;6� �$!�;0�4� �6�7 �7 :#2
MCM-41;(�% 26� �� � T%�0 !:���M �Z�;()��a#��O 

� �5,��;� . +� 1�0 �U%�X�%��+.%;� �t+� -.�O2
%�72?rM !�KL�'!0��0 ;<!�M N2�O;6� �$!�6�7 �7 :#
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+@G ������"� ��:�6��&���� V
�$ :;
 EJG)III (�@!$� �72MCM-41N��= �+� �%� . . .���


0%�0 ;M�2T% %�);1شكلxA)a(MCM-41 >G�� )b(MCM-41 � �+� 46<$ )c(NH2-MCM-41.

FT-IR 
f!j�.2FT-IR EF�G ��;� �� �+� �?Y MCM-41 �

:' �+� P#Q% NA�NH2-MCM-41 NA� �� n��%� :�)� 
�$% �+� .+���7�.27JG ��� �;G;� cm-1p]��cm-1�l| 

M�M �7!T�`M�% �7 8�.2)"R �Si-O-SiT�`M�% ��.2
))O�:���6� Si-O- Si�� MCM-41�+� P#Q% NA� �2
:' �$%]~.[+���77JG ��� �;G;� cm-1l|~K 1�0 ���� �7 
�� cm-1ln|| ��7T�`M�%�.2))O �:���6��� Si-O-Si 

�$% �6�7%�% �7 �
��;"� �� �O t��5M 12% �+� P#Q% 
1�@9
 �6"O i;� W;f �"$ �7)cm-1l|�q(�7�G � �G��;�] .��.[

+���77JG �,�� �� �;G;� !�2cm-1���� ����&%T�`M�% -
�.2))O �Si-OH��;"� �� �%&'2MCM-41 �� �O �$% 

�$% �+� ;X� �+� P#Q% ��;"�]�.[+���77JG �1�0 cm-

1Kn||LK]|| �7 T�`M�%�.2))O �.!:h��+�.2���  �.2
Si-OH ��;"� ��2�+)� P#Q% �$% �6�7%�]~.[+���7 

7JG��� �;G;� cm-1K]|| LKK|| �7 T�`M�%�.2))O �
NH ��� NH2�' !$ ;<!:#� �;7����;� �7 �O T�`M�%�.2
))O����  Si-OH���;y". ��$% ���O ]~�l|.[+���7-

�.27JG �,�� �� �;G;� !�2cm-1lq~� �cm-1l]q| �7 
T�`M�%�.2)"R ����  �.2NH ���  NH2�'!$ ;<!:#
�;7�� �$%]~.[+���7 �.27JG �,%;� �� �;G;� �cm-

1n����cm-1n~KpZ�& �7 !A�% �!���  N�.2�'!0��0 ;<!N
�$% �6�7%�]ll[.

 گرماييآناليز
4!���' j!f ���
��� ��;"� 2MCM-41x0 � -!0 &% 

P#Q%)NA�KE �j�% (2��� �� �+� ��%� :�)� :&� -.�O �
&% �6"O ˚Cn||EJG E' �7 XI$ �9�7 W#, � �+� ��+��� 

��2�5, � HI$ ��.;0�4� �$% �.�' �%;� i��R���;"� �� 2
��� &% �+� P#Q%2˚Cp||� &�\' ���� �M � �;� 2˚C]|| 

� ��%�%�
���  �;G� c+= �7 �G;M �7 � +7��.2�'�\!���  &% �
�'!$;<!O�M �� :#!8NH2-MCM-41% �� :&� -.�O 
1

� %� �����. ���  �7 :%;M2�'!?rM 1!�� �+� �2�?�� �6�7 
�%� .<7%�7�
�6� 1
���' &% NQ�, �!4��� �
�!?rM 4!�' ���  �!1

�6�7 �7 MCM-41�M %�!
� +�+<O]l|.[

�$��2f!jشكل�	�. ��;"� 2MCM-41)a(HI$ P#Q% &% N?9)b(x0HI$ P#Q% &% .
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2��7'�o� 2�o� �2����;R �:�!�!�	 :%�
% �$�<� ���O � �$�<��;@7 �@Z� ���

. %& %X<��TG/DTG�. ��;"� 2MCM-41 )j�%(HI$ P#Q% &% N?9)E(x0HI$ P#Q>3شكل

ها نمونهيمساحت سطح ويژه
EJG T�� �7L�EJG%t&%����`� 2�! ��w �7 �2BET �

�/
� HI$ �,���2��;"� � HI$ P#Q% &% N?9 �.x0&%:'
�&%+�%+� 2�!  .�/
� HI$ �,���MCM-41 P#Q% &% N?9 
HI$m2/g ~]l �x0HI$ P#Q% &% m2/g l~� T�%4  
+�.�w �(��!7 �
�6� 1
% �/
� HI$ �,��� �� �!(")e -.
x0 HI$ P#Q% &% �$% %� �/
� HI$ �,��� -.�w 1
% �w 
�����  16	�  �%�9 N!�� �7 :%;M 2�.NH2HI$ J	�<� �� 

��;"��%� �?�� �..

 جذبيبررس
$��7 �7 �G;M �7��.2EJG ��;� �� �+� c�Z�% 
4@	 :;2

�$
V)III(��;"� [$;M MCM-41 � N?9 x0%&P#Q%�
��;"� �O +� ��)�2��;"� �7 �?�� P#Q% &% N?9 2P#Q% 

�+���G;M N7�9 EJG �"� :�)� �;R &% �+.� .&% x0 ��%
� �� �;	 ��;"� HI$ P#Q%!	�D :%4!%4	% EJG �
-

(")e!�2+� �+.�)� .%�7�<7
��&' c�"M 1
-�.2�7 �;7�� 

$��7�M�O EJG !�$ :;
V)III(�7$�!�@2�<!�7 � EF�G 
�EJG �7 �Y;� 2�.�6�%��0 2&�$�7$�!�@2EF�G �+� P#Q%

+� c�Z�% .EF�G 1
% EJG 2b�7 �
��%;M &% �w�, �
�6� 1
%
�$ :;!M�w EJG �� �+� P#Q%
V)III (�$%.

 pHاثر
$��7 &% NQ�, �
�6���!Y�M pHV
�$ :;
 EJG �7 )III(�7-

$�!�@2NH2-MCM-41 �+� P#Q% NA� �� p�+.�)� 
���;� .�Y%pH�� ��6� 2n�M]�$��7 �� � +c;@` �w +� 

-
%4	% �7pH-
%4	% EJG :%4!� ��+7�
.�� ��@w�;f �7 :%;M
 1!7 �7�9� -.�wH+:;!M�w ����  �7 -<w%� 2%�7 �. 2�.

�@��=�� � :��z
 !%4	% �7 �Z<� �w HI$ �?r���7 -.�w 4
-
�6$%��6z�% -<z".�7z!M�:;!M�w � EF�G HI$ 1!7 2�.

�� 24@	�$ EJG -
%4	% 2%�7 V�� N!�� �� ��;�
V)III ( ��
%4	% �7%�7
-pH��O :%;<=.�!V
�$ :;
 :%4)III ( W;@X� ��
T�� �7 ICP�&%+�%  !�2�$% �+� .
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pH

q
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eq
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)


!YpH V� !!�M�4M�t%شكل�$ EJG :%4!� 2�� �7 �@!$� �72NH2-MCM-41 
)VZ,mL =q|�C@\ �mg/L =l||EF�G �= g|l/|3�"M :��& �h =p�(.
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+@G ������"� ��:�6��&���� V
�$ :;
 EJG)III (�@!$� �72MCM-41N��= �+� �%� . . .���

 اثر غلظت
V
�$ �C@\ -
%4	% �7 )III(�� � �6	�
 -
%4	% EJG �%+�� �

�� �9�7 �7�Y �o�)� +, �� �
��� +���)NA�q.(��% 1
%
�+<.� :�)�2:;!M�w �%+`M ��C@\ -
%4	% �7 �w �$% :' 2�.

��(
�G t���Z� �� 2�6)!72�. NH2HI$ �� >9%� MCM-
41�� -
%4	% �Y;� 2�.��;R�7 �%+`M � �6	�  �%�9 +7�
 .��

��;  &% EF�G HI$ �
���2�+�;� EJG 2�� � �+� ��?�% 
�
b �7 N��O �;f �7 EF�G HI$ >9%�V
�$ :;!M�w &% 2%)III(

W�oM% :�A�% � �$% �+� �+!�;02�. V
�$ �6)!7 )III (�7
� 1!7 &% EF�G HI$����.

 اثر زمان تمـاس
V
�$ EJG :%4!� 2�� 3�"M :��& �Y%)III(�7$�!�@2NH2-

MCM-41�� NA�]�$% �+� ��%� :�)� .:��& -
%4	% �7
�� -
%4	% EJG :%4!� �3�"M67�Y +, �7 � +7�
���+$�.

�� �C,#� &% x0 �w �;�np�%+�� �� EJG :%4!� ��=�$ 
�� j9;6� �67�Y��)� �w �;��2�� N��w W��`M 2�%�9�7 

�	%EJG +<
�$%.

 اثر دما
�$��7 �� :�)� �. �SY% -<Sw%� [!SX� 2�S�� -
%4S	% �w +.�

 ���)S� �;SR 1S
% �Sw ��%� EJSG :%4S!� 2�� �S7 �"!�6��2
V
�S$ EJSG +S<
'�	 :�;7 �! ��� )III ( �S7 �@!S$�2EF�SG 
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