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Abstract  
Some water and wastewater pollutants cannot be eliminated by traditional treatment methods. This has 
encouraged workers to focus on high performance and environmentally friendly methods for their removal. The 
main objective of this study was to evaluate the performance of the modified mobile crystalline matter (MCM-
41) including Ti-MCM-41, Fe-MCM-41, MCM-SiC3H6NH2, Mo- MCM-41, and unmodified MCM-41 in 
phenol removal from water. For the purposes of this study, MCM-41 was synthesized by hydrothermal methods. 
SEM, XRD, and FTIR analyses were used to determine phenol adsorption. Adsorption was measured in a batch 
reactor and the parameters affecting the adsorption process such as sorbent quantity, sorbent particle size, and 
pH were studied using the Statistix statistical software. The results showed that the unmodified MCM-14 has a 
great potential as a phenol adsorbent from water. The optimum amount of adsorbent for a phenol removal 
efficiency of about 95% was found to be 1 g of MCM-41 with a pore diameter of below 0.018 mm in 50 ml of 
phenol and a pH range of 7-9. 
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�	  `U# �� n ��# c^�' .)�* $�
%&'� );
* �(�-( !���� :� �	 
�;

 @ �� 31
��#�� :� ��	 ���)(
&��'� _@� e���� H���5 ����9\ /�����
 
5 Batch 
6 Statistix 
7 Completely Randomized Design (CRD) 
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5 ��������	
������� � �

�
���=GP_@� �� .)()���* �5
���L� �D}}bj _@� �
���&E :
���;
 ����# +���� �� ����)(
&��'�}jj @ H���5 3�����@ �� � &#�(
��(Sq

�	 )�(
�' : 5 ��'
&G ��V, �� /1 �G �&(����#� !����� :� &�=	�'
�'� $)* $�
%&'� $)��� )�6� ]�p[.

�	 $��)(� ����# ��K. !�4�# : �> �`	��o�	)* �&5 > �
� 

)o(100
C

CC
%R

0

e0
*

−
=

�`	�� /1� �� �E 
RnK, )M�� �C��6@� ��9\ ��9�# D�=,  	 H�5 @  �&�6 �� T �>

Ce
	 d
- �� cG H�5 ��9\�X
. D�=,  	 ��9�#  �&�6 �� T �>
.�'� 

Y�N�"�� 2 Z���- �>
Y�M���>T�0�-� ����2� ��-2��P0� [&P��2�P��R�&�\0� ]

^P�� �&5�3 ���3YT��9 �2��� �7'� I�C 2_

c��1� � G _� G :�Z6� ���G@4# ����# MCM-41 @ $)�* ����=9�
$)�( ���=9� H�* ��Y�# !
�( 4&�' ��G@4# $�
# @�  ; �� );� 

2θ

2θ
OP<R�:�Z6� XRD ��G@4# (86�MCM-41 $)* ���=9� 

(���G@4#MCM-41 $)�( ���=9� 

1 Standard Methods for the Examination of Water and Wastewater 
2 Scanning Electron Microscopy (SEM) 
3 X-ray Diffraction (XRD) 
4 Fourier Transform Infrared Spectroscopy (FTIR) 

O�G $
Z1
. @ ��)�  �( �� $)* �� BU5 @ )�&=; �; �	
�# {
�1 U 
;
O�G ?)* ���( 3;
�� �� ��
�, ��� )�(��� nA&���  Z1)�1 
	 
;
3* ?� %, �*�> ��G@4# $�
# :�MCM-41 ���=( $)��( ����=9�

 :
�1�@� �� $)�* $);
��# ���G �
��� .�'� $)* ���=9� �	xR/}�
b}/S�xx/b�Y/Y=θYC%�M :� �	 ?
 :���9	 )Pjj�()PPj�(

)Yjj() @YPj!
�( ( 3�* !�
�U "1�� $)�;� �
&�
�' 
�	 ���.@
.�'� �6
(�>�4Z; 

c�� �	 �.� 
	 ?��X $��)(� /��� @ �'
�* H�* ��&5 > :
�;
 H�* �� ��	@� �(@ &�6� ���'@ ��# B'� $)*b�# !
�( �);�

$)��* 4&���' ?��X �
���	� +)��# $
Z&��'� �9���'@ ���	Vega  Tescan 
�	 ?��MMCM-41 : &#�(
�( �
�	� �� $)�( ���=9� @ $)* ���=9�

.�'� 

OP<Y�n� >@ ��# SEM ��G@4# (86� MCM-41 $)* ���=9� 
��G@4# (�MCM-41 $)�( ���=9� 

.��'� $)�* 4&�' $�
# �
&�
' $)�;� !
�( 4# a !@�
# �N�' 8��
 +)�# $
Z&�'� 
�	 $)�* ��&5 > 4�# a !@�
# �N�' 8�� :�Z6� e��

J�3

K

J�3

K
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6���� � ���������	
���

Bomem mb series :� 	MCM-41 H�* �� $)* ���=9�S�86�
 �6��, �� $)* $);
�# O�GPjvb �&(
�'  �	 ��1 ��	 ���	 #  �&#

 !�
��U&#
( ������ ?
��*
��� Si-O��9�' $@ ��> !
��=)Si-O-Si(
�6��, �� �� ����� O�G .�'�R}j �&(
�'  �	 ��1 $);
��#  �&#

�# $@ �> ��-� ?
*
��� �	 ��	 # ��* ) +�(A��' :
�;Si-OH (
 $�@)��C# �� $)��* $);
���# /���G O���G ����V, .���'� �C`��' 

bPjj 
bijj �&(
'  	 �1 +��6�# �K. �	 ��	 #  &# �� :
�;
 �`' �� ��.�# :
;)�=�@�)�; @MCM-41 ���	 # O��G .�'�

 ����-� _
����� ���	H-O-H �� �� ��PiYj 
��PiSj  ��	 ���1
�&(
' �# $);
�#  &# ��*]YP[.

H�* �� �� �(�> !
-;Sq�# $);
�# ��(
&�
5���' ��V, ���*
 ����� _
��� �	  N�# �6�C-H ��# �6���, �� ��� ���*YRYb @

Yv}b �&(
'  	 �1 ���� ��	 ���	 # @ ��'� $);
��# H	
a  &# _

 ���� –CH3@–CH2–O��G .��'� �(
&�
5���' ���	 � $ �N(�

 �6���, �� $)�* $);
�#PSv} �&(
�'  �	 ��1 ��	 ���	 # 4��(  �&#
 ��'� �(
&�
5��' T��(�#� H��6� ?
*
���]YY[����=9� �� c�G .
O�G /1� ��(
&�
5��' nK, 
	 @ �X
. !� � �# nK, 
; ��� )(�*

 H�* ��Sq
��� .�'� $);
�# H	
a ������ _Si-O-Si @Si-

OH �6��, �� 4�(Pjij @R}R �&(
'  	 �1 ��# $);
�#  &# ���*
 @ �
��6@ Z�# @ !��
��-; @ 
&(
#
�' B�'� $)* _��4> ��)�� 
	 ��

 �'� �=1
U# H	
a !��
�-;]Yb @YS[.

Y�R��� ���?����� ���� O��'" `W��� �������a ������� �&��32T� 
MCM-41 O��! �2	� 2 ��� O��! 

�	 �X
�. �� $�
%&�'� 
�	 �� �� H��5 nK�, �1��
�� ��'� 	 �����#
 �����G@4#MCM-41 H���#
� ���Ti-MCM-41 �Fe- MCM-41 �

Mo-MCM-41 @MCM-SiC3H6NH2@MCM-41 @

MCM-41-HDTMABr �H#
� !@)	}j�9�# H��5 +��9C# ��  &�6
}j �9�# )* ���  &�6 �� T >]�o ��g��r@�y[c^' .P/jT �>

�X
. �� n@ �W .)�* �5
�L� !� ��	 !)�* !�@ �� c�G ���K# :
;
�	 ?)#bj�@� 
�	 �U�a�PSjj B��C# :
�#� �� @ ��U�a� �� �@� @
��pH ������ �	 O1�4( �� �a ��=��
��# !4�-; $
Z&�'� :@�  �	

 H��5 �K. !�4�# @ )* $��� ���� �5
M K\
� �� �(�-( c^' .�5 >
$��)(� ���# .�5 > �� a : �> �X
�. :� �	 nK�, )�M�� :
�;Ti-

MCM-41�Fe-MCM-41�Mo-MCM-41 �MCM-SiC3H6NH2�
MCM-41-HDTMABr @MCM- 41 ���	 H��#
� !@)��	 D��� 

 �� ��	 ?�
��jv/Y�ix/P�}/Y�jS/P�Y/}Y@vx/P.)�M��
 ��X
��. /1 ��&�	 31
��#�� /��1� �� H��M
, �1
��&( e����MCM-41-

HDTMABr nK, )M�� 
	Y/}Y.�'� )M�� 

Y�Y�b��c ���	�-� ]Vc��X N��02� ��	F� ��K�5 ����� �����
 2 Vc�����XpH d�����&5 O����'" `W����� ���	����-�� ������ 

MCM-41- HDTMABr  
31
#�� T
N(� �� HM
, �1
&( ��X
�. ��6@� ��)U#  �<0 �'� 	 :
;

 @ �X
. ?��X $��)(�pH B'� H�5 nK, !
#)(��  	 MCM-41- 

HDTMABr  �	H�* �� D�  :
;}�i@x.�'� $);
�# H	
a 
31
#�� �1
&( �	 �.� 
	 �K�. �1��
�� ��'� 	 ��	 ��	 # :
;
�X
. :@�  	 H�5 $)�12� H�#
� !@)	 @ ��� H#
� :
;Ti-MCM-

41�Fe-MCM-41 �Mo-MCM-41 �MCM-SiC3H6NH2�
MCM-HDTMABr @MCM-41 �1��
��� /1 ��&�	 �$)��* �����=9�

K. ��	 ���	 # : �Z-�� nA&�� 
	 �H�5 �MCM-HDTMABr 
�C`�' �1
�-��* ?
��M�J� �� ?@
�% /�1� �9�M� ��9� .�'�

MCM �	 $)�( ���=9�  �	  �#� /1� @ �'� �(
&�
5��' ��V, H�6�
 ��K�> ��<0� $�
�# /1� �K�. ��1
(���'�$)1)G /�1� /��� :� �	 . 

) f&� g&Ccm-1() f&� g&Ccm-1(

OP<_���8FT-IR ��G@4# (86�MCM-41 ��G@4# (� @ $)* ���=9�MCM-41 $)�( ���=9� 
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7 ��������	
������� � �

OP<i��X
. 89&�#  1�
U# �� H�5 �K. )M�� 

OP<j�!�>
(�> ?��X $��)(� �� H�5 �K. )M�� 

OP<k��� H�5 �K. )M��pH !�>
(�> :
; 

�# �X
. �� ��-( !���� !��MCM H�C# @� :���� $)�* ����=9�
$@ > �1
' ��1 .�'� �K. ) !
=��9�' :
;Si-O-Si ����`a 
	 (

$@ > : Z1� @  &-� �K. :m (� @  &-� ) +�(A�' :
;Si-OH 
�	 (
(� @ ���`a $@ �> ����1 H��5 ���`a �-�=a 
	 ��  &��	 �K. :m 

) H�=�@�)�;OH ��# �K6 @ $��� 3���@ ( �� H��5 :�@)�, 
� )�(��
 �� .)1
-( �K.MCM �1
�'  �	 $@A�� $)�( ���=9� !����� :
�;

�# �K. �1��
� 31�45� D.�# �(
&�
5��' ��V, �$)* .��* 
)��* H����� �(����(� @ �(���1 ����6� �-��=a ���' �� �(
&�
5����' .���'� $

$@ ��> �(
&�
5����' �� ����.�# T�
���� ����( /���#� :
��;(Si–C–C–C–
[N+–(CH3)3]) �� �(
&�
5����' �(��1 �-�=a ��� 2
	 �K. :m (� 
	

��# H��� )�(��� �� �* �K��. )�1� �5 �� �)�;� ��	 @���M
� H��6�
 ��# 3��-; �	 H��5 ��`a �-=a 
	 ��� ��`a ��6� �-�=a .)��;�

 ��	 4��( ��	 �@�)�; $ �N(� ���1 �(
&�
5��'  ��\ !
-&�
�' H��6�
 !
��( 3��-; �	 ��(4�	 �U9, 
1 H�5 ��`a �\ �-=a 
	 ��� ��`a

 ��# T�� �� n �� @� �� �� H��5 ?���M /�1� �	 @ $��� ���@ .)�(��)(�
H�5 +��6�# !)* $ �%, H���� ��MCM 3��-; �	 @
�	 !� :
�;

 ��# $�
# /1� ��`a �K. D.�# �$)* !���� :
;@ �( $@A�� .���*
 :4�1 Z	� ���M
� 31�4�5� 
�	 T�
��� ��( /�#� �$)*  �X ����#  	

MCM :@�  �	 ��� �� +��9C# H�5 �K. �1
(�� 31�45� D.�#
���# �
&�
��' /��1� @ �
���6@ Z�# ?
���6
`# �� H��M
, �1
��&( .)(���* 

�'� �9�=# /1� )1I# 4�( !��
�-;]YS[.
�'� 	 ���6@� ��)�U# :
; ��&#  <� :@�  	 �&5 > ?��M :�
#� :
;

 @ �X
��. ?��X $��)��(� ��X
��.pH d
��'�  ��	 �K��. )���1� 5  ��	
 ���# !
���( �c(
��1��@ ���14N ?
��'
C# �)��� ���	 ���.� 
��	 ���� )�;�

 :���
��#p-Value �	
�U# :� �	 ���'�  %M  	� 	 �E $)#� �'�  1�
 +@)�. e��� �X
�. ���6@� ��)�U# d
'�  	 �K.P/��	 nA&��� �

:�
#�  �( �� ��X
. 89&�# ��)U# �	 �.� 
	 �K. )M�� /�Z(
�#
 �`' ��j}/j���# H�#
� �
1�  �<0 $)�;� !
�(  #� /1� .�'� ���

 .�'� �K. )�1� 5  	 �X
. ��6@� ��)U# 
H�* e	
`#}��X
. ��6@� ��)U# 31�45� 
	 H��5 �K�. !�4��#

�# 31�45� �	 �� )	
1 �1
' 31�45� H�6� .�'� �	K. :
; 

g2	XM�?��X ��6@�  1�
U# �	 �.� 
	 �K. c(
1��@ �14N �1
&( 

���.5 l��'� 
NX��

�����

m&
7�

b�����

%�\-���

b�����
FP

��6@� ��)U#

�X
.

Rxi/}PvSjv}/}xiSR/SxYj


`�YjbR/YSYPR/P

"-.H�YRP}/}YjR

?��X $��)(� c(
1��@ �14N �1
&( +@). �����.� 
	 �� ��� !
�(
 ���	p-Value ���	  ��	� 	 ���E $)��#� ���'�S}/j/���	 nA&���� ���'�

 �`' �� :�
#�  �( �� ?��X $��)(� �	 �.� 
	 �K. )M�� /�Z(
�#
j}/j���# ��	 ���	 # �K. )M�� �1
&( �	 �.� 
	 
#� .�=�( ���

 ��  ��&-� ?��X $��)��(� :� ��	 �K��. �1��
��� �?��X $��)��(�jPv/j
�9�# ?��X $��)�(� :� 	 �K. @ /1 &��	 � &# l�4�	 ��  �jx}/j
�9�# �	 !�4�# /1 &-� � &# H��*) )�#� ��'�i��	  �#� /�1� .( H��6�

 ��	 �`�' ���=( 31�45� @ ?��X $��)(� �� �*
(  <I# �`' 31�45�
.�'� �N, 
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g2	XR�?��X $��)(� �	 �.� 
	 �K. c(
1��@ �14N �1
&( 

���.5 l��'�
NX��
�����

m&
7�
b�����

%�\-���
b�����

FP

?��X $��)(�YYSv}/biYSY/PvR/jS}/j

`�iRjSP/PjvPxb/P

H� "-.vP}Yi/PS

c(
1��@ �14N �1
&(pH +@). ��b�)�� ��	 �.� 
	 �� ��� !
�(
p-Value ��	 ��.� 
	 �K. )M�� /�Z(
�# /�	 nA&�� � %M  	� 	

pH �`' �� :�
#�  �( ��j}/j���# HM
, �1
&( e�� .�'� ���
$��)(� �� ��K. : �>pH:
; !�>
(�> $�
	 /1 &�	 �pH nK, :� 	

 /�	 H�5x
R)�, �� 3��	 3;
�� 
�1 31�4�5� 
�	 � 1� �'�pH �
���	 �� @31�4��5� �� �� H���5 ����6A, ������`a ��  ����� H���6�

�# 3;
� �(
&�
5��' H�*) )	
1x.(

g2	XY��	 �.� 
	 �K. c(
1��@ �14N �1
&(pH
l��'�
���.5

NX��
�����

m&
7�
b�����

%�\-���
b�����FP

pH}iv/iYRPbS/PY}vSb/x}j

`�PYPR/Yjjiv/Pi

H� "-.Pxvx/iSRP

_�N7��- ���* 
!@)	 @ ��� H#
� �X
. 3* !
�# �� ��&5 > ?��M 3;@|G e�� 

�!
�=�1 B1� �* �� �$)�* ��'� 	 H#
�MCM-41 $)��( ����=9�
 �@)�, !�4��# 
� ��	� +��9C# �� H�5 nK, $��
	 /1 &�	 :����R}

�
�N1� �K.  	 !�  <� @ �(
&�
5��' ��V, �N�&( �� �� ��	 )M��
31
#�� T
N(� �� HM
, �1
&( �	 �.� 
	 .)* ��)�U#  <� �'� 	 :
;

 ��X
�. ��)�U# 31�4�5� 
�	 �H��5 �K. �1��
� :@�  	 �X
. ��6@�
�K. !�4�# �	 :�
#� �1
&( .�5
1 31�45�  �<� �'� 	 �� $)#� �'�

���# �)� d
'�  	 �X
. ��6@� ��)U# �E ��� !
�( $)* HM
, :���
 �X
. ?��X $��)(�  <� �'� 	 .�'� �
1� �K.  	  &#��
G /1�  �<0
 )* ���# �1
&( e�� �� �5 > ?��M ?��X $��)(� �� �&'� �' 
	

�	 �?��X  `a 3;
� 
	 �� 6��K�. �1��
�� � <I�# �`' 31�45� H�
�# 31�45� $��)�(� :� �	 �K�. �1��
�� !���	  &���	 ���.@ 
	 .)	
1

 ��  &-� ?��XjPv/j�9�# ��	 ��.� 
�	 
#� � &#p-value ��	 ��'�
) $)#�S}/j$��)�(� �� �&�'� �' �� �K. !�4�# /�Z(
�# nA&�� �(

�`' �� :�
#�  �( �� ?��Xj}/j��( �� ���( ��� ���# )��;� !
$
B'� H�5 �K.  	  ��&# /1�  &-�  �<
MCM-41-HDTMABr 

 <� �'� 	 
	 .�'�pH )�* ����# �K�. �1��
�  	 +�9C# ��6@�
 $�
	 /1 &�	 ��pH /�	 �H�5 �K. :� 	x
R.�'� 

i��-���	9 
/�1� �6
# �1
-,  �
� �	 ��(
( :�@
�5 ��'� �
&' �� �9�'@ /1� �	

:�
�-; @ ��;@|G � �@ �-�* $
Z�;@|G !� �1� �-��* �')��# 
�#  �� @  1)U .��* 
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