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1 IUPAC 
2 Microporous Materials 
3 Mesoporous Materials 
4 Macroporous Materials 
5 Mobil Composition of Matter No.41 
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6 Cetyl Trimethylammonium Bromide (CTAB) 
7 3. Aminopropyltrimethoxysilane (APTMS) 
8 Aldrich 
9 Merck 
10Ageing 
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1 X-ray Diffraction (XRD) 

:9 8�> ��2 :  d��K� 6> [��' :,	�(θH(�˚D/��˚DL+����$.�
0�X�A��� 6�!F��MCM-41 #$ :+]$ (� 
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0 =α )D(
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d100��\X4 :�4��1 0 0:+]$ 6>
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8�� .��aQ 0(����� ��f�7 	 0�X�A��� >�A� {a� ?���� ��@/ 5��9
0�X� �7[	6 (� ?B	��!�� (��J %�;�	 	 %�; :�  ��$ 0>�X!��� ��9

 (� 0>�X!��� 0��!��> BELsorp-mini II volumetric adsorption 

analyzer, Japan ����� ��$ [	6 �,� (� 0>�X!��� ��9 . ��aQ 0(�����
0���X� ���7 �6���9 [	6 :��9 �!�A����� ^��&� ���9j���A��;j�����-�7 v	

8��&�0>�� �U�� {a� ^&� �9 ��J �9 39���!� ���	�9 [	6 :�9j
8���j��/y)SBET ( 	)�� M 0�X� �7)Vtotal(^&� �9 
!��� ��!�

�!�- 6> ��J �9 ^@s� 0��$ �!��� 0�X�A���� >�A�� 5��9MCM-41 	
NH2jMCM-41 :9��2 8�> .,� �9 0	nN<06�A�,> 8��R� 5��7

 0�X�A���MCM-41 ~,�P (� :a9�6H8�� :]��\� M9�Q]D�[
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100 D
3

2d thicknesswall −=
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���� 56A�]N ����Q ?	>���
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'�B 6A`r :���> 6>bLL �/cm-1 bLLL 9 �9:8��' [	6 ?>��9 6� 

KBr 8]&� �9)DLL/D=KBr � (:�A�� /0>�X!� $.���-��2 [	6 (�
?(	 
/6��� 
����:��A�� 6> >A�;A� 
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2 Hexagonal 
3 Barret-Joyner-Halenda 
4 Brunauer-Emmett-Teller (DBJH)
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O5�?�j
Jl,	 56�!F�� 5�7NH2-MCM-41 �9 :&,�K� 6>MCM-41 ��-��2 6>BET 
7�8����� 76��PQ: ��C	�

)m2.gr(

45, �� T��8� �Q�

BJH  )nm(

T��8� FU�

)cm3.gr(
MCM-41DD�b D/bk�/L

NH2-MCM-41k�/��� Z/Z�D/L

(cm-1) طول موج
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ــالا ــف ب :طي NH2-MCM-41

ــايين  ــف پ :طي MCM-41

H-O-H

@<
&1
��9 h�PFTIR %c�; 0>��NH2-MCM-41 �9 :&,�K� 6>
0�X�A��� 0>��MCM-41 

?6�K!��� 
``  ��$�@/6� :9 gA9��q?6��K!� 
``  <o	
�`�Fv

?�& A��� 0	�JSi-O-Si 
/�+����� 0>�`� )*9 :+]$ 6> 8���]ZZ
	Zb[�F���$ (� <O���' :��� ��,� . 0�X�A����� >�A��� 6> 
���4� 5���7

 
/�+����8�� 
� :  8��K�A� �!�� �����9 ���A/ 0>��� ����2 MCM-

41 .���$�9 ����A�' :��9 gA��9�� 
9���; ����$�@/6�H-O-H 6> %2 6>
\���0>	�DiIL 
�!��� �!�
� 0�,> >A$]ZI[<0�X�A��� 0>�� h�P . 

0>	��\� 6> 
9�; *' ���9 O,ZL�L ��/Z�IL 
!���� ��!� ?��`�

� A+�� :9 gA9�� :  �7>V%2 0�$ %�; 5�78�� ]ZI	Zi[.
�!�e,h�P 
��9 FTIR %c��; 0>��NH2-MCM-41 ��9 :�&,�K� 6> 
����� 0>��X�A�0�MCM-41 ; O��' 	>��9��
��A�� 6> 
H�bi ��9


!��� �!�	HkDi 
!���� ��9 ��!� :�9 ���$�@/6� :�9 gA�9�� ^��/�/
 ?6�K!��� 	 ?6�K!� 
`` C-H 
�� ?�`� �6 M�'	�' 0����( 6> ��7>

]Z�[0>	�\� 6> >A;A� O�' ��f�7 .DIIL ��$�@/6� :9 gA9��
� ?6�K!� 
`�F�0>�NH2,� :  8�����' ���P 6> O�� h��9��gA

9�0�X�A��� 0>�� :MCM-41 
�� 0�7�`� ?�`� 	 >A$ 8�K�A� 0��7>
M��N ?>A9 ���2 0	�J �9 ?�$ 6�>APTMS 8�� ]Z�[��-��2 e,�!� . 

1 Asymmetric Stretching 
2 Symmetric Stretching 
3 Bending 
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Calcined MCM-41
NH2-MCM-41

(V�	��: �?,6) ��6 
@<
*10>�� 
/6��� 
��� ?(	 6�>A��NH2-MCM-41 �9 :&,�K� 6>

0�X�A���MCM-41 

MCM-41 TGA A��� 0>�� 0�X�MCM-41 M+�$ 6>I�`��?�0>�>
$��� 0���� .8��6�>A ?(	 ����/6��� 
�
:9 gA9��� 0�X�A���� 0>��


��� ?���`� �6 ?(	 #7���  :������ 	> 0���$ :����&�  :������ 6> .���7>
 5��> (� 8&R�ZL�/DDL dA��&�� :�;6> 6���K�HZ/k��46> 


� 0�,> ?(	 #7�  VA+�� %�;�	 :9 gA9�� :  >A$ 8�� %2 5�7
]Hk[.5��> (� �	> :���� 6>DDL �/�bL dA��&�� :;6> 6���K�

 �9 �9��9 ?(	 #7� �D/H�46> 8�� ?>�> 8��> (� :�9 gA�9�� : 
0	�J ?�$ ) ��!� �9 :�A�� %2 0>��`� )�*9 :+]�$ 6> VA�n��� 5��7

 
/�+������8���� ]Zk[:��9 gA��9�� 6�>A���� 6> .NH2-MCM-41 

� :G�n� 5���> ��/ 
�,6��/ ?(	 #7��  O�, >A�$�bL :�;6>

 dA�&��
� :  >6�> >A;	 >��  )��&K/ :����� 6��*. :9 �6 ?2 ?�A/
)C˚DZLjZL<C˚ZbLjDZL <C˚iLLjZbL 	C˚iLL>6> .(

 ?(	 #7��  6���K� V	� :����� Ik/����46> 8��� :��9 gA�9�� :� 
 �A� 	 �	> :���� 6> ?(	 #7�  .8�� %2 %�;�	HZ/DD��46> 

8�� 
�-2 >�A� A�/���& � :,��/ :9 gA9�� }����� :  8��� ]Zb[6> .
�?(	 #7�  <�6�*. :���� 6> 8,�*i�/Z�46> 8�� gA�9�� :� 

?A�����& 	6��7> :9y
/�+���� :+]$8�� 0��$ ������ ��]��\� .
?(	 6�>A�� d��� �9 0�X�A��� 0>�� 
/6��� 
���NH2-MCM-41 

4 Dehydroxylation 
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?2 6> 0��$ 56��J6��9 ��2 
���N 0	�J 6��K� :  >�> ?�`�i�I/L

��� .8�� ��J 6> VA� 

�1�1��� =E? �� =>�? ,��2� �W� �:,�� H5�X AC�� A�� 
%c��; 6���K� ?>���  :���*9 :�9 gA�9�� e,��!� 0�X�A����� 0>���NH2-

MCM-41 5��9 �	�  ��� 
�!���" #�$ M+�$ 6>i0>�> ?��`�
0�$ ?��7 .8�� 
� :G�n� :  6AP <%c��; 6���K� #,����� ��9 >A$

 
�� #7�  %�; 
->�@/ 8���" 	 #,���� %�; �46> ��9�, M��-> .
 #,����� <%c��; 6���K� #,����� ��9 %��; 
->��@/ 8����" #7� 

8,�� %�; V�@� 5�78�� ?A���2 >���@/ (� #��9 :  >A�;A� 5��7
 8����]Dk[%c���; 6> .NH2-MCM-41 ,�!��`�9 ���46> %���;
DLL ���46> %c���; 6����K� 6>I/Z
����� > ����J ���!�- 6,�!��`�9 	
?���� %�; 
->�@/ 8���"qoy 
��� ��J 6> ��J %c��; 6��K� 6>

D/L�!�- 6> ��J9:%c�; 6��K� .��2 8�>D�!�- 6> ��J :�9 ?�A��N
 ���@/ ��7��z!� �,�� 
�6�9 6> >�96�  5��9 %�; :��*9 6��K� �$ <�

 6���Q �����z/ 
�\�� haN :aK� 6> :  M�-> ,� :9 8�$�> ?����� 	
�" 	 %�; �46>�
-A�]Q M9�Q �� 6> 	> �7 %�; 
->�@/ 8� >A�9 .

6>#7	l' :9�`� (� :  5�NH2-MCM-41 �	�  %�; 5��9 #�$

!���" %�; ?���� ,�!`�9 <8�� 0�$ 0>�X!��iZ/kb
��� ���J
 ��J 6> 8�� 0�$ [6��J]k[.

=>�? �6 (gL-1)

@<
/1�	�  ��� %�; ?���� �9 %c�; 6��K� �U�
!���" #$ �9
8G�=DLL 
��� �!�- 6> ��J 6> 	pH �9��9I

�1�1�W� �:,��pH ��� =E? �� H5�X AC�� A�� 
��z!�pH )*� (� 
+, � 5�7�!��6�' ,�/��� 6> �U�%��; ��, 8��� 


\a� 6�9 ?���� �9 : q:��AJ 	 ?A�������A, :�;6> 	 %c��; 
�,�(o

?A, 
� ��U�/ 0��A$ %�; 5�7 M+$ 6> :  6AP ?��7 .>6��J�0�,>

� 6> %�; 8�@�	 >A$pH 5�7Z�/i�,��� (� �!*9pH 0>A�9 ��7

 
1 Surface Charge 
2 Speciation 

��� �*�2 �9 6> : pH �9��9Z��46> 	 8�� 0>A9 :�K9 (� �!*9 %��;
 ?2 6>�b
����� ���9��9 ����J 6> ����J IZ/�I8���� ���46> 	 �1 .

 6> ?�6�+�7
`7	l' �	�  ?A��2 %�; 5	6 �9 : 
!���" #$ ��9
 %c�;NH2-MCM-41 ��>�> �����<�-���2 (� 0>�X!��� ��9 M��&��!' �

�� ,� 6> �X4 B6�$ :aK� :  ��>�> ?�`� �/(�6> ���,pH ��9��9I/Z
8����� %c����; 	NH2-MCM-41 6>pH (� ����!� �/H}n����� 

?A��/	�' 
��� 6�> >A��$ ]k[?A����2 ,��9����9 .Cr2O7
2- 6>pH 5���7

�,�' .8�$�> �7�AF �6 %�; 8�@�	 ,�!*9 �X4 B6�$ :aK� (� �/
 6> >A;	 ,� �9 ���pH 6> �,��$ 
���F #7��  <�,��' 
���F 5��7

 
�� 0��,> %��; ?���� :�9 :�  >A�$ ?A�/	�' M��-> ?A���2 ?��$ 6�> 

Cr2O7
2- M,�]/ 	���]� �/ :9 ?2HCr2O7

-	H2Cr2O7VA��\� 6>
8�� �	��  %��; 5��9 :@-�a� ,� 6> ,��9��9 . #�$ 
�!���" pH 
�9��9 Z:9?�A�NpH 
��@� :��*9$.�

�1&1�W� �:,���5� #Y�Z��� �	 =E? ��C	� �� AC�� A�� 
gA9�� e,�!� :�9 ?A�, 8�G�= ����z/ ��U� 
��6�9 �	��  5��7 #�$


!���" M+$ 6> %�; ?���� �9�?���7 .8��� 0��$ :��6� :�  :��AJ

� :G�n� ?A�, 8�G�= #,���� �9 >A$ 5���� 5��7<%��; ��46>

� #7�  	 �9�, 
�� #,����� %�; 
->�@/ 8���" ,�!�`�9 .��9�,

G�= 6> %�; �46>�85�7DL	HI
��� �!�- 6> ��J � �9 �	� ��� :
/���� ^�/�DLL 	b/k�:��9 ���46> ���2 8���> ?������ ,�!��`�9 	 �

8G�= 6> %�; 
->�@/ 8���"HLL 
��� ��!�- 6> ��J ?����� :�9 	
k/kD
����� ����J 6> ����J:��9 6> .����2 8���>
��`7	l' ����A/ :�� 

 �	��  %��; ?����� ,�!�`�9 8�� 0�$ ����� ?�6�+�7 	 t�!�$A,
 %c�; �9MCM-41 M��N ��2 5> 0	�J �9 :  >A�9 0�$ 6�>L�/bD


��� ��J 6> ��J�J8�� 0�$ [6� ]bL[.

�1*1; �:,�� ��[� =E[? T��		) H5�[X AC[�� A�[� \[

�9	��] =E? ���� �^ 

8G�= 6> ?��( VAP 6> %�; �����z/ ?A, h�!R� 5�7 �	��  5�7 

pH 
@<
_1���z/ �U�pH ?A, %�; ?���� �9 8G�= �9 �	�  5�7DLL 


��� 	 �!�- 6> ��J%c�; 6��K� �9 D�!�- 6> ��J 

=
E?

�
��,
�`

(%
)

=
E?

�
��,
�`

(%
)
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H5�` #Y�Z )mgL-1(

@<
bj�U�-	� 8G�=?A, :� �9 %�; ?���� �9 
!���" #$ �	�  5�7
 %c�; 6��K�D	 �!�- 6> ��JpH �9��9Z

0 20 40 60 80 100 120
0
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10 mg.l-1

25 mg.l-1

50 mg.l-1

100 mg.l-1

150 mg.l-1

200 mg.l-1

("P�7�) QMR 2��
 
@<
c1%�; �����z/ %c�; 6��K� �9 ?��( 
PD�!�- 6> ��J 	pH 

�9��9Z6>8G�= ?A, h�!R� 5�7 �	�  5�7 
!���" #$ 


!���" #$ %c�; 6��K� <D�!�- 6> ��J 	pH :���*9 ��9��9 Z
�P
 ?����(DHL 
�����( M��4�A� 6> 	 8����J 6����Q 
���6�9 >6A��� :��K�Q>

 :�*/ :�A�� h�!R� �$ ?���7 .�M+�$ 6> :�  :��AJk
�� 0��,> >A�$<
,�!`�9 %��; ?����� >	��� 6> (� #��9�L��46> 6>DI:�K�Q>

�� ?2 (� �' .8�� :!��J �6A4 8&R�����	6 O�, ��9 %��; ��,
,� �/ :!�6 #�' 89�U 6> :� DHL .8��� 0����6 V>��@/ :�9 :�K�Q>

9 e,�!�:
� ?�`� 0��2 8�> �� :  �7>����X/� 3,�� 6��&9 %�; ��,

� ,� 	 8�� 0>�!�� ?A, ?��2 
��!�> �����9 ���A/ :�9 5���� 5��7

8,�� %�; 5�7 .��$�9 0��$ �!��� 0�X�A��� >�A� 6> #7	l�' 5��7 
������ 3,�� %�; 0���  ��,�/ h�!R� %c�; >�A� �9 %�; h�!R�

 �9 e,�!� �9 ~��A/ 6> 	 0>A9 ����:6> 0���2 8��> #7	l�' �����
 8��� ]Z�,bD<bH	bZ[:�9 . 6> ?�6��+�7 	 A���*�9 :��A�� ?�A��N


��`7	l' 0�X�A����� >�A��� 5	6 ���9 :�� MCM-41 	MCM-48 
M��N 0	�J �9 0�$ 6�> 2 5�7?A, %�; 6> 
��� <8�-�]  <)��>��  5�7 

���>�> ������ %�� 	 ��<:�  ���>�> ?��`�IL��46> �,� %��;

?A, 6> �7HL:K�Q> �/ 	 0�$ ����� 8&R� :K�Q>iL?���� ,�!`�9
9 %�;:
� 8�> �,2 ]HI[.

�1/1H�;5C�� �:,�� =E? �	9.	: 5 �� 
,� 6>5��9 #7	l' ?A, %�; 8���" ,�!`�9 >6	2�9 5���� 5�7

 V��� (� 0>�X!��� �9 %�; ��/	�,� <�	�  �� 	 ������1 5��7	��-���
 8�G�= 
��\�� )��6 (� 6A�G�� �,� 5��9 .8��J 6��Q [(��9 >6A�

?A, 
->�@/ 0>�> M9�K� 6> 5��� 5�7 0>�X!��� %�; 8���" 5�7 �$ �
.(8��� 0��`� :���6� :PA9�� 6�>A��):���6� e,��!� V	��; 6> 0��$H


�Jl,	 ?A�, %���; 5��7 %c���; 5	6 ��9 �	��  5����� 5��7NH2-

MCM-41 �� ?�`� �6 ���� >6�> 
9A�F ~9��a/ V�� 	> �7 �9 :  �7>
 :�9 8��� �+�� :  8�� �����1 V�� �9 ~]a�� �!`�9 3�,(A/ M��->

8,�� 8F�A�+, �$�9 %c�; {a� 6> %�; V�@� 5�7����� ���,(
 {a�� :�  8��� �,� �����1 V�� :��7 	 8��� 8�F�A�+, %c��;

8,�� ��!&7 6�>6AF�9 %�; �9��9 5B��� (� %�; 5�7]Z�[M�-> .
)7�9 M,��/ ,� 
�4� VA+�� �9 O�/�!�	�!+-� #�  	 %c��; 5�7

��A$ %�;0:9 .8�� 0	�J �9 0	nN ?A, 	 
���2 5�7 ������ 5��7
 >6�> >A�;	 ���� O�9A�	6���7 #�+�7��9 ����]bb[,�!�`�9 .

 ) %���; 8�����"qmax���' (#?A��, 5����9 0���$ 
����9 �	���  5���7 
IL/kb
����� 8���� ����J 6> ����J ��,� 6> .#7	l��' V���� (� 5���7

 �	> 	 V	� :]/�� :]$ 
+�!���5��9 ?A�, %�; 8N�� 
�6�9 5��7
e,�!� .�$ 0>�X!�� �	�  5���<0>�> [(��9 :9 
9��/ 5�7 0���2 8�>

 .>�> ?��`� �6 V	� :�;6> :]�$ 
aF 
+�!��� V�� �9 %�; O�!���
6>0>�> �9 ~��A/ :; 0>�> 	 
9��/ 5�7 #�' 5�7 V��� ��9 0��$ 
���9

 ��@/ ��]/ ^,�� (� 0>�X!�� �9$0����7 :9 ?2 :9 gA9�� e,�!� :  �
�!��6�' V	�; 6> V�� 5�7Z}�!]�&� ���]/ ^,��� .8��� 0�$ :��6�

:9 51�9 
�� V��� :�  8��� �,� ������9 0��2 8�> ����A/ �9:
9A�F
�; 
+�!��� 8�-�@� ?���7 ���� .��7> m��$ �6 %:�G�n� :�  :��AJ

���
� >A$�V�� :9 8]&� �	> :]/�� :]$ 
+�!��� V�� ��]/ ^,� 
�� 8N��� ���- <8��� V	� :�]/�� :]$ 
+�!����V��� (� %��; ���,


� 5	��' �	> :]/�� :]$ 
+�!��� :]�$ 
+�!���� V��� [(��9 .�� 
 0>�> ��9 �	> :]/�� %��; 51��9 8N��� 0���7> ?��`� 
�9��/ 5��7

?A, %c�; 5	6 �9 5��� 5�78��.

�1_1��� =E? �� ��6 �W� H5�X A�� �9	��] \
 
�� 6> )*� 5�7�!��6�' (� ��,> 
+,�%�; ��,<%��; ���\� 5���> 

8�� M��$ O����,>A��/ 5�7�!��6�' . 	 
�-�!�2
'	�!�2 0>�X!��� ��9 

�@�]P )!,6��- 
�\�� )�6 �9 	 �A7 ?	 V�� (� 3�,(A/ ^,���k

K� 6>�M9�vjqp×T/qX!�� �9�(� 0>���9�	6 w�/�$ :]��\��	 ��� 

#
Y�
Z

)H
5�
`�

�6�
N;

m
g/

L
(
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O5�?�1�� 	 �����1 V�� [(��9 0�$ :]��\� 5�7�!��6�'	?A, %�; e,�!� �9 ��-�� �	�  5��� 5�7 

���U;�	$d�e O���� O��5f	���
qe (mg/gr)bqmaxR2nKfR2

k/��HZ/LIL/kbkLD/L�I/b�b/Zi�kb/L

O5�?�1V�� [(��9 :9 gA9�� 5�7�!��6�' V	� :]/�� :]$ 
+�!��� 5�70>�> �9 �	> 	?A, 
9�; 5�7 �	�  5��� 5�7 

���U;O5� ��;�� ��
 �<	9.	: O�� H56 ��;�� ��
 �<	9.	: O�� 

qea (mg/gr) qe1 (mg/gr) -K1 (min−1)R2qe2 (mg/gr) K2 (min−1)R2

�ZI�/HiLiL/L�iH/LZZ/�ZLDZ/Lkkk/L

:qea
9��/ 6��K�;qe1	qe20�$ :]��\� �,>�K� :;K1	: K289�U 5�7 ��� 

O5�?&1?A, %�; 
+����,>A��/ 5�7�!��6�' h�!R� 5�7��> 6> �	�  5��� 5�7 

∆H˚ (J/mol) ∆S˚ (J/mol·K) -∆G˚ (kJ/mol) R2

vov˚KZDZ˚Kvpv˚KHkZ˚K

ik/HDb�/DbIk�/biID/bILi/bbiL/bHkk�/L

V	�; 6> ?2 :9 gA9�� e,�!�b0�$ :��6� ��K� .8���6�8�]��∆H˚

?�`� 8�� #� �	 ?>A9 ��J���J 0��7>]bI[�K� ��f�7 .6�8�]��
∆S˚
�9 #,����� 0��7> ?�`� 
��G� ��9 %c��; :�*;�A� 6> )!�&��

�� VAP 6> 5��� ?A, VA�\��?A, %�; ��, ���f�7 	 �	��  5��7
8��`J�9 �� ?>A��9 �,���'���%���; ����,8���� ]bi[
��X�� 6����K� . 

∆G˚�� ?>A9 5>AR9AF �����9�%�; ��, 8��� �9 .:��� <0	n�N #,��
 
X�� 6��K�∆G˚
�� ?��`� ��> #,���� �9 ���> #,����� ��9 :�  ��7>


� #,���� #� �	 ?>A9 5>AR9>AF ?���� ��9�,]b�[6> 3�Q�	 6> .
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+,���<��/ �X4 0>	�\� 6> ���J >�(2 5B��� �����z/HLj

8��� VA�� �9 V	BA��r 6> 
,�����$ %��; 5���9 ������z/ �,� 	
>	�\��Lj�/bLLjVA� �9 V	BA��r 8��]bi[������z/ 6��K� .

9 ���J >�(2 5B���:0>	��\� 	> �,� ��9 :@-�a� ,� 6> 0��2 8�>
 0�$ � c8�� 
� 	���,> Y�A��� :�  ��$�9 :���&� �,� ������9 ���A/

 �+�����  M�+��`/ 	 
�A��, V>���]/ ?A��f�7 %���; 
\a��� 5���7<
)&���+� 
� ^-�Q 5�7 .��$�9 
M+$DL6�>A��?A, %�; 5��9 �6 �A7 ?	 �9 �	�  5��� 5�7

%c�; 5�7NH2-MCM-41 ?�`�
�?��7 .�7> :�G�n� :�  6A�P

� �A7 ?	 
�\�� ^�$ >A$ : 8�� 
X�� �����9 ?>A�9 ��J����Jq

%�; #� �	8�� .?��7 ,��9��9 ��9 8�� �R`� M+$ (� :  6AP

 
1 Exothermic 

����> #,������<?������ :����!� 6> 	 %���; 8�����" 3��,(A/ ^,���� k


*9�`� :@-�a� 6> .8�� :!��, #,����<��9 ���� ?�6��+�7 	 5(�]*�$
?A, %�; 5	6 ��9 )��>��  	 �� <%�� 5�7SBA–15 �N�M�� 6�>

$�9 0��J ��0	� #�� �	 :�  ���!��,6> h��!R� 5��7��> 6> ��2 5�7
8�� 5>AR9>AF 	 ��J���J YA� (� %�; ]vy[��K� ��*�2 .6�∆G�6

 5����> 6>HLdA���&�� :��;6> :��9 )��>���  	 ���� <%���� 5����9
^���/�/�q/qqj<qy/�j	w�/vjVA��� ���9 V	BA����r [6����J
��>A��.

1/T*10-3, K-1

3.1 3.2 3.3 3.4

ln
K

,l
/g

8.4

8.6

8.8
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9.2

9.4

9.6

@<
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&1�U	9� A�	K 
9 e,�!�:56�!F��� 5��7��-��2 (� 0���2 8��>XRD <BET <TGA 	

FT-IR 
� ?�`� 0�X�A��� 0>�� 6�!F�� :  �7>MCM-41 0�$ �!��
:��9 #��$ �6A��4 5���@9	> 
��*;	p6 mm M��R�R!� >�A��� 	���; 	

?��� 0�X�8��
� ��f�7 . ��9 8��K�A� ��9 0>��� �,� :  8XJ ?�A/
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