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Abstract  
Nitrate is one of the contaminants in the aquatic environment and causes health problems. In the present 
study, removal of nitrate from aqueous solution using the mesoporous MCM-41 silica functionalized with 
diamine group (NH2-NH-MCM-41) was investigated. The modification of mesoporous MCM-41 materials by 
grafting diamine functional groups directly to the surface of a solid adsorbent was studied. The structure of the 
synthesis materials was characterized by XRD, BET and FT-IR. Results revealed that nitrate adsorption in batch 
system show high adsorption capacity (15.74 mg/g) and removal percentage (75%). The optimal pH, amount of 
adsorbent and initial concentration for removal of the nitrate anion on NH2-NH-MCM-41 were found at 7, 5 g/l 
and 110 mg/l, respectively. Maximum adsorption capacity was also attained at contact time 15 min for removal 
of nitrate anion. The experimental data were analyzed using the Langmuir and Freundlich isotherm models and 
the maximal equilibrium uptake capacity of 29.8 mg/g was obtained. The results of the present study showed 
that NH2-NH-MCM-41 adsorbent can be used as an adequate adsorbent for removing anion nitrate from aquatic 
environments. 

Keywords: Nanoporous Materials, NH2-NH-MCM-41, Adsorption, Nitrate.
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1 U.S. Environmental Protection Agency (USEPA) 
2 International Union of Pure and Applied Chemistry (IUPAC) 
3 Porous Materials 
4 Santa Barbara Amorphous no. 15 
5 Mesoporous Silica Molecular sieve 
6 Folded-Sheet Mesoporous Material 
7 Hexagonal Mesopous Silica 
8 Mobil Catalytic Material  no. 41 
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1 X. Ray Diffraction (XRD) 
2 Shimadzo 
3 Lambda 25,  Perkin-Elmer, Fremont, CA, USA 
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qe����� 0�'1 $�� �A��;3 !Z� ��/$n Ba$�, $�� a$�,Ce��K�@
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 B��� !Z� ( $��kf�n���X ��� ��� ��A���$/ (�. $F����� 0��3$3
 ��� .�	8��'. !Z��� ���� � !Z��� ����/$n �	����� G��$��� �%��K	�

S�� -��� $� ��$3�D � (�. ���X ���"$� � �A��;3 !Z� (�. .$�. (�
�H)�F�� (���" ����$� �� -��98�� �� BS��eS�� B*%���$,� (��.

.���� �8/$, ��T �� 0��	� �7� $�@ 

U�\�+�/ B[�� 
U�Q���D� �/+/ Hx+. ��+&+7C ��C ^�7& �� 

(�.%FA� XRD �FTIR -$91%���� (�C�m�� -���D8	� MCM-41 �
NH2-NH-MCM-41 ����� =*��� -��� -�� ���.��%3 ������� 

�`� )=z\A�B(��(�.%FA� G�$) �;�� h� � ��!m�� ) �� }�� 
���� .����� -�.����� �����: �%��J�& $3� ���� }���) ��Nv/N=θN

_%�$� ��G�$) �;�� h` � ����96 �A�8' $T =~~ ��� �$F���� 
��8��� �A�8' $T %��� -$91 (��A���%,�DF. )+�� ��C���(���� .

�%7��. �T-�.��� ���%��B��� ��V ����� *�$�T MCM-41 ���� 
}�) +.�T �����  �T����A� $�8T *��� $�7: ��$�91 �&8�'�� 

(�C.�$, ����V ��q7� ����� & � ��$91 ��� .x ��8� ��6�1 ��
D�A��" XRD �}��) (��. ��� ���� -���" ��*"��� x ��8� ��6�1 ��

�� ���) �;A�7� �*���`. B&�	4. &p�*���`. ���%U. ���� 
]=t�=w[.��D�& � }�) B� ��� ��}��) \�;�J ��T ��� G�$�) 

�;�� h` � �����96 )N~~(�)==~ (�R'� -��� -�� B���� D��� 
-�.��� ���T� %� ��`�3 ��$91 ����8��� +����%, ��� ����� 
d�����K� c������� �������� �`������ ������� �������%3 ������� &������	4. . 

)=z�� B(!D�A��" FTIR �����3 ��%� }�) (�. -�.��� �� -��� 
=NN~B=~{~Bw|t �owO _%���$� ���� ����%�) Si-O-Si ���`R��� 
dT�$8� � �`���� ���]={[.�%��1 }��) ��cm-1 v|~ �=ov~ 

�� 0�3$3 _%�$� ��G�;3�� ��� N-H �G�;3�� ��� *���8��� 
N-H ���]=|[.

D�A��" �� _%�$� ��VH��BET ��%� S���� �� -��� D8	� (�.
=-�� -���" �1�'� .��� q7� -r� � �R����� -��� ���%� ��. ��� 

G��BET (�$� !m�� MCM-41 $��$� |/=~~= a$�, $� #�$�$8�
�(�$� !m�� NH2-NH-MCM-41 $��$� ON/wva$�, $� #�$�$8�

 
1 SigmaPlot 
2 Hexagonal Structure 

�� ���� ���" ��T *���� -��	.� &8/$�, ��$�: -�$�, �����V ��*��� 
$91-(�. MCM-41 ���.

)(\A� 

(!)
MSC Q�(%FA� G�$) �;�� h� � )XRD B(\A�) (\�� �[	� *���� 

D�$: )FTIR(!) (%��� !m�� (�. D8	� -�� 
MCM-41 �NH2-NH-MCM-41 

U�P������& $� W�����/ H3�. *�^�� �� N5�_� �+�����$+9 �c�
+/ L�&��9 
U�P�Q��c� pH ��*�^�� H3. 

�� & � B+.�r) ��$��y3 pH ��A�� !�') -������ �� �F8���o��3
{B$X� & � $8����) (�� *�D�� !Z� ��%�� ����$� ��$�: ��/$,.��

�`� N�� x �8� $�XY3 �� -��" ��� pH $���$�8�� !Z�� ��6�� ��� 
�K�@ ��A�� ==~ ���� � $8�A �� a$, ������ !m��� t$�8�A �� a$�,
*��� -��� -�� ��� .�`� �� ��%3 ��N����� �U�� ��%� T���� 

+ �D�/� pH ��o��� vB�6�� ��$8�� !Z� ��wt/tv�6�� ����
tt/w=+ �D/� �6�� �6�� �	���� .��� �8/�  !Z�� ��$�8�� ��
pH $��$� v���*�D�� tt/w=�6�� $���$� !Z�� *�D�� �wo/=t

���� �� a$, �� a$, ��� �� !Z�� *�D�� &�	4. .��"pH $���$�w
S��;�{~/v|) �6��Oo/=t���� ��� (a$, $� a$, ��� .���" ����

$8��� + �D/� pH ��)v��{(�T �/�  +.�T !Z� �6�� &�`� 
��� ��� ��V ��$�� ����:� ��OH-&8'�� (�$� (�� �': (�. 
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XB�. Q��.$8����)(A��" �� _%�$�D�BET 	� ��%�-��D8 
��D� *+�� �����8�B YT& R�+��

(m2/g) 
��D� Mh �>�

)cm3/g(
�$���� R�+_2

)nm(
3�+7� �T? 	�`/+��

(nm) 

MCM-41=~~Nw~N|/~N=/={~v/N
NH2-NH-MCM-41ON/wv~v{/~N=/=~wv/N

S�;/ q7� �#/� }�3�8���$8`A� *%���" ��$�8�� ��� ������ ���� 
�9	� q7� �%)�D� ��pH (�. c�� ���� ]N~[�	���� �	p $. . 

�6�� !Z� ��$8�� ��pH $��$� v����� ��� B��" 	 � ���A� ��`
�� x �8� �� -��" ���pH $��$�w�� } �D� ���'� D��pH $��$� 

v�� !Z� �	 �$/ �ZA B�%�pH $���$�w��;�R� ��� ��,���� ��T
.�� a�[�� B��� ���6%2� � ���� !m�� �-��%�� !Z� ��� 

$��y3pHB$��y3 ���	T .B&�	4. pH S%���� $�� ����� -D��%�  
*�� -�	 c" (�. \�8U� $�XY3 �����Z, ��T ����[�8� $�[	� ��� 
$��y3 ��}�8	�� (�. +	�T�� ���2U�� (��. �A���;3 ��	 �$/ 
!Z� ��7� ���%� ]=O[.

�� �;A�7� (��TI�%3 (�%. �*����`. $�� (�� EZ�1 
*%��" (�. ��$8�� ��-��98�� ����%� *���� -$�91 ��%�6 ��8/$, 
B��� *��� -��� -�� �T*�D�� !Z� ��$8�� ��3 $�XY�3 *�D��� 

pH ���]v[.���;A�7�-����� �%�Z�pH  ���% ��;A�7� ��N
�3 =~� �%� �	�C� pH $��$�vG��D, -�� ��� ��8� �� �Tx �&�  

+.�r) ��%U.�����.

Z�a�a��c� RI5J L�6B� W����/ ��*�^�� H3. 
�� �%K	� �K�@ $X� ���$� ��A�� �F8���� !�') �� ��$8�� $�� 

*�D����� ����� *" !Z���� !m����� �������� NH2-NH-MCM-41 B
�� !Z��� + �����" -������� O~���3Nt~ ������ �� $��8�A �� a$��, 

��%� ��$8�� ��A�� �K�@ ����$� ��$�: ��/$, .�`�� )Nz!(
$�XY3 �K�@ ��A�� ��$8�� $�*�D�� !Z� ������� & � !m�� ��
pH $��$�w�*�D��� !m��� t�� $�8�A �� a$�, *���� ��� ��.� .

*�. ��� B���� �U�� �`� �� �T �%� + �D�/� ��K�@ ���A�� 
B��$8�� �6�� �!Z+.�T ��� �8/�  .��+ �D/� �K�@ ���A�� 
B��$8�� ��/$n !Z� ��7� !m�� �� + �D/� .����  ��� �$� � 
+ �D/� �K�@ B��A�� ����;3 *%���" (��. ��S��1 ����:� (�$�� 

��%�) ��(�C.�$, S�;/ &���" �%��%� ��q7�� !m��� $3��� �
�� �� � �%� �[�8� *��� (�. S��;/ !m��� ��R��� ��� �%�� .��� 

�����RV $��F � ����/$n !Z��� !m���� ���� ���� � *���� ���K�@ 
*%��" (�. ��$8�� ��+ �D/� S%��� �����  .&��	4. + �D�/� 

�K�@ ��A�� ��$8�� *%��" ��BS%��� $[	� ��� + �D�/� ��;/ �
S�;9�� �`�3�8���$8`A� ���%� �T*�`� (�. ����� �R�T$3 $8T 

�� (�$� +	T�� ��� *%���" ��$�8�� ���C� ��� ��	T ]N=[.�	�����
��/$n !Z� ��$8�� ��!m�� ����� NH2-NH-MCM-41 ��
�K�@ Nt~ ���� -�%� $8�A �� a$, �S���;� O=/Nw����� a$�,

�� $8�A �� +.��T EZ�1 ��6�� ��A�1 &� � �� ��A� B��" ���
 ��� � ��8/�� wO/tO�K���@ & $8�C� &�� & � �� .���� ��6��

==~���� c��� ��� -�$. �T �%� $8�A �� a$, !Z�� *�D��� *�%�� 
)|N/=t���� ) c��� EZ�1 �6�� (���� ($8�A �� a$,Ov/wN

.�%� D�� (�6�� 

)\A�()!(
MSC P�\A�z$�XY3 �K�@ ��A�� ��$8�� $���/$n !Z� A��;3�!m��NH2-NH-MCM-41��pHw�*�D�� !m�� tB$8�A �� a$, 

!z$�XY3 pH $��6�� !Z� ����$8 ������� !m�� NH2-NH-MCM-41 ���K�@ ��A�� ==~ ���� � $8�A �� a$, ����� !m�� t$8�A �� a$, 
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Z�a�Z��c� Hx+. ����*�^�� H3. 
�� B!m�� $8����) �C� ��� �T&��;3 -�		T ��/$n !Z� ��7� 

!m�� (�$� �K�@ ��A�� �U�� ��� .��� $�XY�3 ��;A�7� �%�K	� ��
!m��� NH2-NH-MCM-41 $�� ���6�� + �����" B��$�8�� !Z��

�� !Z� $ ���� ���� !m�� �� \�8U�t/~B=BtB=~�=ta$�,
 � ��$�8�� ��A�� �K�@ �� ���X I �$� �� � $8�A ��pH ���)0��3$3 

==~ ���� � $8�A �� a$, pH $��$�w�� a�[�� ( .x �8� $�X� ������ ��
!m�� $�*�D�� �`�� �� !Z��Oz�� -��� *���� \�A� ��� .���� -� 

+ �D/� ��B!m�� ����A� ��� � *�%�� �1��'� q7�� !m��� %����
 ����;3 *�%�� ��� � ��[�8� �� � -$91 *��`� (��. S��;/ (�$�� ���[ �

h`��T *%��" � �A" -�$, &�� (�. !Z�� ��6�� B��$8�� + �D�/� 
���� �8/�  .& $8���� ��6�� !Z�� ��$�8�� ���� �� ���" S%����

!m�� =t.��� $8�A �� a$,-����T$��$� t/{~�%� �6��)�`�� 
Oz\A� .(�A��;3 !Z� ��/$n �8RA� ��� !m�� + �D�/� ��� !m��� 

+.�T ����� .& $8��� �A��;3 !Z� ��/$n �� �� !m��� !m��� 
t/~$8�A �� a$, ���T ��" ��� $��$�O/vw���� � �%�� a$, �� a$,

!Z� �� $[	� t{/O~��� ��$�8�� �� ��6�� .��� ���%3 ��� Bx ��8� 
& $8C� ��!m�� S��;� t��� $8�A �� a$, ���" ���� ��T $�� -�H�V
�6�� !Z�� ) S%�R: ����:tt/w=(���� B(��6�� ��Z�� ���/$n
��%� D�� ) �%�wo/=t���� ($8�A �� a$,.

U�P�s���c�; *+�� ,+�; ��*�^�� H3. 
*��� ��3 $8����) �C� (�$�� -��98��� 0���	� ��}�  �� !m��� 
�	��� �.((�$���T � -�%� $F���� �V$� !Z�� ��(�.$8����) &�� 

0��	� ��� ]NN�NO[.�`� Oz!B$�XY3 *��� ��3 $�� !Z�� 
��$8�� ����A�� �K�@ ==~ ���� � $8�A �� a$, ����� !m�� ta$�,

�� $8�A �� ��pH $��$�w*��� ���.� .$sT��1 Z��!��*���� =t
���:� �R���� -�� ���B��A� ��� ���Z, N����:� ��*���� B���3 
�6�� EZ1 ��$sT��1 .���� �%� ����� 

U�P�s�Hx+. ���$+h L��+"�MCM-41 +�NH2-NH-MCM-41 
�� ����V $�X� ����$� �%K	� *�D��� (�� $�� !m��� %���� *�%�� ���

 !m��� �� ����� *��'`  I �$� �� !Z� �	 �$/ B!Z�t�� a$�,
 ��A�� �K�@ B$8�A==~ ���� � $8�A �� a$,pH $���$�w�� $�. (�$��

 ��T ��� *��� x �8� .�/$, ��$: �;A�7� ��%� !m��tt/w=��6��
)wo/=t���� ��� ��$8�� �� (a$, �� a$, ������NH2-NH-MCM-

41 �v/|) ���6��=N/N������ ���� ��$��8�� (a$��, �� a$��, �������
MCM-41 A .��� -�� !Z����V �Z �`����� %���� q7�� *�%� ���

.��� -�� *" � ���T $�F�p + �D/� 0R� 

U�P�v�!�;B^�� H3. W����/ 
S��� �� -��98��� ��� �A��;3 !Z� �	 �$/ � $��F�c ���$3�D � (��.

S�� ��A���$/ ����) ��� (���oS���� �N*��. .( �� ��� �%��
 S���NJ �� S�� �� $. ��� -�� -��� -���" D�� ���F8'R. 0 $

�� S�� �� $. � ������%�$�� �� c�� ���'� -��� �� ��%� !Z�� (��.
�8/�  G��$� �A��;3 �����A���;3 !Z�� ��/$n �	���� �' ��� �� ���

�� -�� ���"$� �A��;3 !Z� ��/$n �	���� � ��$[3 S�� ����� (�.
���$3�D� �B�� �[�8� � $�F�c S�� �� �6�1 (�.���"$� �� �%� ��

M �D� ��$[3 x �8� $��F�c S��� �;A�7� & � �� & �$��	� .��� $3
�� S��� �����$� .��� !�U8�� 0��	� S�� *�%	V $��F�cB�	�����

)�A��;3 !Z� ��/$nqm(��$8�� (�$�B{/N|���� ��� ��$8�� a$,
 a$, $. (���NH2-NH-MCM-41 S���) �� ���"$�N.(

)\A�()!(
MSCU�\A�z$X� � !m�� �� !z$�XY3 *��� ��3 $��6�� !Z� ��$8�� ��!m�� �����NH2-NH-MCM-41 

���K�@ ��A�� ==~ ���� $8�A �� a$, �pH w
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XB�.P�S�� (�� ��$8�� !Z� (���NH2-NH-MCM-41 S�� �� -��98�� �� ��/$n �	���� �' ��� � ��A���$/ � $�F�c ��$3�D � (�.
!Z� � ��$[3 -�� ���"$� 

^5� 
qe,

(mg/g) 
���`/0 X�� �+�����$+9}�6�/B�� X�� �+�����$+9

qm (mg/g)b (l/mg)R2SEkf (l/mg)nR2SE
��$8��wo/=||/N{~NoN/~||O/~Nt/~w=/N|{/=|wo/~|=/~

Ce (mg/L)
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q e
(m

g/
g)

0

5

10

15

20

25

30

35

Langmuier  model
Freundlich  model

MSCs�S�� (�� $� ��$8�� �A��;3 !Z� (���NH2-NH-MCM-41 
-��98�� ��S�� �� ��A���$/ � $�F�c ��$3�D � (�. 

d�L>��/ ���1 
& � +.�r) E�. �� ���� (�`���� %��� -$91 NH2-NH-MCM-

41 EZ1 (�$� ��$8�� ��(�CA%��� ��" �� a�[�� .x ��8� ��6�1 ��
XRD �}���) (���. ���6�1 ��*"�&���	4. x ���8� ���6�1 ��
D�A��"BET B?/%� *�%� $8	� MCM-41 ���� Y3 T����$ .&��	4. 
-�$, ����V &��" $�q7� MCM-41 -����� � �� !m�� ��%� $K� 

D8	� � �$, x �8� �T FTIR & � ������%�� *���� ��� ��.� .x ��8� 
�6�1 ��+ ���" (�. !Z�B*�D��� (c��� !Z�� ������ ���6�� 
EZ1 ��*��� ���.� .*�D�� �	�C� pH $��$�wB*�D�� !m�� ta$�,

� $8�A �� �@�K��A�� *%��" ��$8�� $��$� ��==~ ����� $�8�A �� a$�,
�� ��� ��" .&�	4. ����Z, =t���:� ��*��� ���3 !m��� ��� 

*%���" B��$��8�� $sT���1 � �����T !Z�� ��� ���6�1 .������� !Z��� 
(�$�NH2-NH-MCM-41 $��$� wo/=t���� ��� $8�A �� a$, ���� 
��" ��6�� EZ1 *%��" ��$8�� I�%3 & � !m�� wt�6�� .�%� 

e��/��$�? 
-������� ���V � �A��� ���R�8�) �� -��98�� �� $J�1 +.�r) a�[��

��8� � ���� ���$3 -�F���� �;�R� #��	� -r � �;�%3 (���	/ %����
����6 ����� & � �� �� �/$, ��%6 $`�3 ��*�,�	�' %� .�%��

�� 0��� �%�$� &�	4. �A��� & � � $��3 03�$� �� �	��� ������:
 I���� -�F�� ���" &��'�	�3 B������1 $�K	� ���	C� d��� �� ��

�� �;�R� #��	� -������ �' � M� ��A� a%�V ����� � �	/ (�.B
.����" �V �� ��V � �A�� (�C8 �1 ��A� �� (���	/ � ������3 
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