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Abstract  
The heavy metals are nonbiodegradable that can accumulate in living tissues which cause cancers and neural 
problems in human. From an environmental health point of view, it is therefore necessary to remove them from 
aqueous solution and wastewater. In this research work, nanoporous silica SBA-15 was synthesized by 
hydrothermal method and then functionalized by three different concentrations of 3-aminopropyltriethoxysilane, 
namely 4 [(NH2(4mM)-SBA-15], 6 [NH2(6mM)-SBA-15] and 8 [NH2(8mM)-SBA-15] mM, in order to be used 
as adsorbent for lead, copper and cadmium ions removal. The materials have been characterized by means of X-
Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), nitrogen adsorption-desorption, and FTIR 
spectroscopy. The results showed that the removal percentage was increased from 46.1 to 100 for lead, from 44.2 
to 79.3 for copper and from 26.8 to 67.0 for cadmium with increasing concentration of amine groups from 4 to 8 
mM. Thus, NH2(8mM)-SBA-15 was selected as an adsorbent in subsequent experiments. The effects of 
adsorbent dose, contact time, pH and initial concentration of metal ions on adsorption efficiency in batch system 
were studied. The experimental data were analyzed using the Langmuir and Freundlich isotherm models. 
Maximal equilibrium uptake capacity of 15.9 mg/g for lead, 13.1 mg/g for copper and 11.2 mg/g for cadmium 
was obtained. Consequently, the nano-structural adsorbent prepared has appropriate adsorption efficiency 
therefore it can be considered for the removal of heavy metal ions in future study. 
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@�� AK5	��/3�L�G �� .�2 �� ��o 0����;� P�� ����&� AK�5	-
AK5 O��0' $���� 	���&� ���� #	���&� ���� .�3  �� 

Q�U�P�U��)�� '�( 6�!B� 2H�? 
��' AK�5 ��L��� ��' ��M��� L�?� 0���-�  �l?e ��v� 0�&��6� ��� ��

!����)l?e m������3h�#J�#S�-H�� 	��?�� ������ ���)�� �� 8���1
 #m�����3 ����� ��' �� 0�� <���O ��� 0' . ��1 ���7 	���'U/�

8���1�������) AF���5 ��NH2(8mM)-SBA-15 ��0��)k - ��2J�
��?	���)L?� _� ��?;� ��!�'0)����� - �l/ ���� !��)l?e�0�'
�3 ��1 0��4��0' ��?k� . <�w��� ��  9��!���3�+�Mi -�!

0/�@/ ���@/ ��O �� �* - 2 +��� ���7 �L@(#����L  �l?e ����
L?�!+��/� +2 ��O ��?;� �� 1��!.2 $����  l?e �G ���P

��o 0���;� �� ����&� AK�5	$����� AK�5 �O�� -#A��k)/�
��1�.+��� �� +��B)�� �' AK�5 8���-L�� <��&��6� #m�k' ���� !�(

	?�� $"� �' AF�5 	'K5  ���o 0��i�' - 8�=/� AK�5 L�?� 8��1
 0�' +2 ��� .����1 ��-3��' AF��5 8��1 ��( !��� 	����-L�� !��(

�� ��� ������'��N�* �� 0N ���/-�� - ��@M/j 0' �)"( �( ��� $�
 :'�-� �� +��B)�� �'h-�	� t�O�� /�2 

e

em
e bC1

bCqq
+

= )h(

/n1
efe CKq = )Z(

:'�-� ��� �� 0N 
qe��o	?�� $"� �' 	���&� AK5  � 8��1 �' 8�1#CeL�?�  �l?e

 ����� �� ��M��� 	�?�� $��"� ��' �����&� ��)�� �� 8���1#qm0����i�'
	?�� $"� �' AK5  ���o 8��1 ��' 8�1#b�M/���' ���@M/j  �'�v

- AK5 !`�/� kf-n0�' ����/-�� !���)'�v 0���i�' �M/���' $�����
 AK5 <2 - AK5  ���o �)�"( .0�' ���l�� ��� D����' !��(

+��� �' 	���-L�� ��' #��� ��( !���)'�v ��-3��' - 	���&� AK5 !�(
 !���3 0��/�' �� +��B)��SigmaPlot�� #	�6C��e ������1� !�(

0' $���� ./2 0)��1 ��� 

h�a�	 B b(�# 
h�K��DF(B 
��31 B �(�/��: ��: )�/ nJ�5 ��� 

!�������' ������r�� 0&�����2� D�������* !������M�� .�������)/SBA-15 
-!��������'F�5 NH2(4mM)-SBA-15 #NH2(6mM)-SBA-15 -

NH2(8mM)-SBA-15 �r����2 ��Q. ������ +����2 +��� ������i/
2�����*�_0N��[[/b=θV��1 +(�i��D���* 0' ��'��

� 0&2���
�� 0;B�O �����)�"	Qbb ' -���M/� ���*-L� ��)C���!
�>@( . ����* -� ��~��_���M�2 �' �� ��� <XQ/Q=θV

-\\/Q=θV0'� 0&2� D��* 0' ��'�� $������
0;BO �� �(!
�����)��"	QQb -Vbb * 0��� +(���i� . �������_' ���K�������M/� 

��*-L� ��)C��!&' -�!��/�1�LM(	SBA-15 ��* 0)��� 0N  ��
���9 �� n6� ���@/ ���SBA-15 �'!��(-�1 ��)C��� ���� #����3

 q��* <�2 ���� - 2 �B� 	��)"��N ��( 0�' ����� 	��"/ ��2 ��*
+�B�  ��� m(�N �(]QY[���9 ����'��' . n6� ���@/ ���SBA-15 

L��/ ���*-L� 	��)�"��� ��)C��� ����>@( - �2 8��=/�  ��%��� �'
 ./�� 	7�' ��B;� 

N0:PI0�-�� �
�� 0&2� D��* !�M�� (t��) :��SBA–15 ���9 ���
(A) #+i/�	?�� (�) #8�1�' ���U	?�� (�) - 8�1 �' ���W	?�� ���

 8�1 �' APTES '0��*-L� 8�1 �( !��� 

�r2 �� 	/-�)r�� ��r�-�r�� �� �O�� .��)/V. ��� +�2 0s���
 ������d�SEM !`���������� �� 	N����� +���2 0)C����� �����*-L�
	/�@"�� #!�(�o �r2 �l/ �� 0N  �� �r2SBA-15 +�2 0)C���

 �� ��i�* ��)&� <�&��6� .��)/ �' P'�6� �E���]Hh[.
) 	=����� n6���� L������/3 .�����)/BET0���' ( 8�����-L�� <�����O 

AK5I�( !��' AK5�- AF��5 0� +�2 L)��� 0�' +���@(SBA-15 
�����9 �
��2 �� +��i/ ���Y. ���� +��2 +��-3 0��%�G P���G ���' !
����*��3Q� �
��2�8����-L 0��/�@/ 8���@� ���( z���/ ��IV 0��' ����'�� -
�(��)C��!�B� +��/� �' �k?k)�+��' 	��(V��Yb�)��/��/ . ��� 

1 IUPAC 
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���>@( @�"* 0%?�� /�����= �' +�2����8���-L AK�5�- - AK�5
/��`-�) ��' 0�%�G P��G #!3�c��*� z��/ ��H1 ' -���M/� ��)C���

 �k?k)���*-L�!. ��� +2 L)�� 0/�@/ �� -��1�	��(!��L��
	
 ��'SBA-15 �(��*-L� -!����9 ���%� ��' +�2 ������� t�?)k�

APTES �-5 ��Q. �� +2 0OEC �-�5 0�' 0�5�� ��'Q�' #�
�)��1 ���7!��(-�1 n6�� !-� 	����3SBA-15 - ��=� #n6�� #
+�B� �67 n6�� ��2 +��2�* +���� ����� 0N  �� 0)��� m(�N �(

 �' ��*-L� 	?C��!��(-�1 m��L��� ��' #���� ��' +-E�9 . ��� ���3
 +��B� ��67 - �=� #n6�  ��"� #+�(� m���- ���3  l?e �� ��(

. �� +2 �����C�' !�)i�' m(�N 

N0:QI	"�?�� ��*-L� 	/-�)r�� ��r�-�r�� ���d�SBA-15 �'
	��@�1�L'w�)�-�
�� 

NO:RIAK5 8��-L��I(t��) �`-�)�/ AK5�-SBA-15 ���9 ���
(A) #+i/�	?�� (�) #8�1�' ���U	?�� (�) - 8�1 �' ���W	?�� ���

 8�1 �' APTES0' ��*-L� 8�1 �( !��� 

�)/�.G�t'��	FTIR �( !��' AF�5 0� +�2 L)�� +���@( 0�'
SBA-15 ���9 �
2 �� +i/ ���Z. ��� +�2 +��� ��i/ 8��@� ��
0/�@/ �� +�2 +(��i� _�* �(cm-1 \QQ -cm-1 Qb^\ 0�' $�����

 �/��* ����%)��/ - ����%)� 	ii� <�2�&��� 0' ��'��Si-O-Si ��

0' 0
�2 0����/ �� L��� _��* . �� 	��
�?�� +��i� �( cm-1YXZ] 
����~� 0��' ����'��!����(-�1 ) 	��/E����Si–OH n6��� !-� ( 

SBA-15 _�* �� #+2 +��� n�4�� _�* 0� . �� ��}C��2 !�(
�!�
�?� ��*-L�!SBA-15 +�2 L)�� 0/�@/ �� 0� �)"( 0�' ���G 

 �� +2 +(�i� n4�- �E���]QZ[.

MB�5PI+�B� �67 - �=� #n6�  ��"� �� �(SBA-15 5 -'F�!�� 
NH2-SBA-15 

*�-B)� 
2��&�
I9/ 

)m2/g(

�9�
��4� 

)nm(

>;�
��4� 

)cm3/g(
SBA–HJw/U��H/SS/H

� mmol APTES/g–SBAHJ�/JWhU/Uh/H
U mmol APTES/g–SBAHJh/�WU�/JH/H
W mmol APTES/g–SBAHJR/hRRS/�RR/�

�
2 ��ZI�� +2 AK5 /�' #� - A #t��cm-1Q]Xb 0�' ���'��
  ��� ���*-L� n6�� !-� 0)��1 ���7 ���3 +-�1 	i@C <�2�&���

 _��* ��' !� �� 0�cm-1 Q^Yb 	�i@C <��2�&��� 0�' ���'�� 0��
 /��*O–H ��
��� �� n6�� !-� +�2 AK�5 A3 !�(SBA–15 

	/�2�f@( # �� L��� m��L��� ��' 0)��� . �� 0)��� m����- ����3 ��
 _��* ����>@( . �� 0)��� m��L�� 0���/ ��� �� _�* <2 #+�(�

 �� +�2 +(�i� cm-1V\]Z -cm-1V[]\ 0�/�@/ �� ����3 !��( ���
 /��* 	ii� <�2�&��� 0' ��'�� +2C–H ����3 ��*-�* +-�1 ��

 _��* ���� <�2 +��(� m����- ����3 ��L��� m��L��� �' 0�  ��
�' . �� 0)��� m��L�� .��)/ 0' 05�� 0�'  ��� L����/3 �� +��3FTIR 

	� �/��/ n6�� !-�  ��%��� ��' 	����3 +-��1 0�� ���@/ ���o� ����
+�B� . ��1 ���7 ��*-L� !�( 

p�� M�A)(cm-1 
NO:UI	��' t�GFTIR (t��)SBA-15 ���9 (A) #+i/ ����
	?�� (�) #8�1�' ���U	?�� (�) - 8�1 �' ���W	?�� �' ��� 8�1

APTES 0'��*-L� 8�1 �( !��� 

�"
 �

,
*�

*
(a

.u
.)
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h�_��# >&�/ *� 
�f�/ X�)�� no5 �/*�	 b(�# 6/��- 
h�_�K�nJ�5 t�# n�c#� 

#A�� <�L?� AK5 O�������N :��� �� -!���'F�5 	�"�?��
 ���k?k)� �/���/NH2(4mM)-SBA-15 #NH2(6mM)-SBA-15 -

NH2(8mM)-SBA-15 	������' 0)������*�/ AK���5 �)���"�� ��
���1 �r��2)]0��' .( 	��1��- a����� ���' <�L��?� 	��?N ����G !���(

 ����/3 ��' �r?f@N ��ri� !��' 	���@�2 - 	r��������� 0�� 0�' ��(
 	�� ���"%� :��- � -  k� #8�/ <�L?� 	?N 0)�� <�L�?� ./��2

 # ��� q�g�N ����"' ���� z�&�2 0�' ��� ��'  �"/ ��/3 �� 0N 8�/
 ��' 	�"/j�-�N /��* ��=�� !��' !���� ���@� ����(-�1 !���� 0�N 	

����� - �`-���)�/ !���(!����(-�1 ����C ��)C���� �� �����3#�)��"( 
/���]Q][	1��- . 0' 0&��6� ���� <�L?� �� ���' 8�/ A�� <��O

<��<�����N ��@( ����'��' . ��  ��� }ki� �r2 �� 0N ��G
 �� 	���3 +-�1  l?e m��L�� �'Z	?�� 0' ���\	?�� �O�� #����

 0&��6� ���� L?� 0� �( AK5 0�' �����  ���� m��L��� AK�5 !��(
 . �� 0)��� m��L��0'��G ��)�i�' 0N !0�' ���'�� AK�5 �O�� �

NH2(8mM)-SBA-15 0���' -������&� $�������Qbb #Y/X[-^X
-��� #A��� !���' �O�� ������N �r�2) ���]�� ����>@( .(

 ��L�� -�� �� �)i�' A�� L?� AK5 ��L�� +���@( #��"r� :���2
 �� �)i�' �� L?� AK5�����N <�L�?� AK�5 O�� ����  �� +��'

 	��/ <��O�dC m(�N �'�/3��r2) �� 0)��� m(�N]05�� �' .(
 AF�5 #.��)/ 0'NH2(8mM)-SBA-15 0'����  ���� ���5- !��(

 	�1��- - �)�i�' AK5 0�'  ��"/ ��)�' 	'K�5 !��(NH2(4mM)-

SBA-15 -NH2(6mM)-SBA-15 0'����9 .���1 A�k)/� AF�5 

(u�D �	 M�� ����) ����� W���B 
��� N�-B�- �� 

N0:\I�m��L�� �v���*-L� n6� !-� ���3 ��*-�* �
�����N -�� #A�� <�L?� AK5 O�� �' 

h�_�_�nJ�5 �� �E� 
0' ��M�� <�L?� AK5 m����3 #AF�5 �� �����v�� A�k)/� ��l��

 �� +��B)�� �' 0&��6� ����NH2(8mM)-SBA-15 !�(�� �' -Y/b#
^/b-[/b�r�2 �� .���)/ . ���1 ����7 0&��6� ���� �)�� �� 8�1 

^I�� AF��5 �� m��L��� ��' ��g�( . ��� +����1 0s��� A -t��
Y/b0'[/b	�� m��L��� L�?� AK�5 O�� #�)�� �� 8�1 ���� #�'��

 	�� m(��� AF�5 �� m��L�� �' 	���&� AK5  ���o 0�' �K�� .�'��
���&� �)����* #!��d)7� ��;� �O�� �' +-E9 AF�5 0���' �� +��N
�' 	���&� AK5  ���o #AK5 	?�� $"� 0' +/�2 AK5 8�1 !���

 �� 0�&��6� ����� !��(�� ���' �� ����'���' . ��� L�/ AF�5 8�1 �(
^/b$����� AK5 O���' +-E9 ���� .���1 A�k)/� �)�� �� 8�1

  ����o 0���i�' . �� �����C�' L�/ 	����� AK5  ���o ��L�� ��
 0�' ������� - ��� #A��� <�L�?� !���' �� ��� !��' AK5 ����� $

���&�Q/Q^#Y/QZ-]/QQ	?�� 0�' 8�j .���' 8��1 ��' 8��1 ���F
  ��0'���� ��� AK5 O�� 0� ��� �����* !�(�� �� !L?� !�( ���

 ��Y/b!��(�� �K�� #���' ����7 �'�7 ��e - c/� ���"' �)�� �� 8�1
����* ./i/ D��L1 �� 

N0:jIAF�5 �� �v�NH2(8mM)-SBA-15 AK5  ���o �'
�����N -�� #A�� <�L?� (A)AK5 O�� - (t��) 	���&� 

h�_�h��E�pH 
���,� �'pH AK5 ��L�� !-� �)����* ��� �v� #	M)C�� A�"* 0��-�

 �
2 �� . ��1 ���7 	���' ����X�v�pH ���i/ AK�5 ��L�� �'
 m��L��� ��' .��)/ P�G . �� +2 +���pH ��V0�'ZAK�5 ��L���

	� m��L�� '�� �� �����pH ���� ���~� !���� ����"' !��( !��(

)n(

)G!�(
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) �`-�(H+��� �'  '�7� �� (  ���� ��,�2� !��' !L?� !�( !��(
	� ���7 	'K5 	�m(�� AK5 ��L�� 0=�)/�� - /��1 ���>@( .'��

 ��pH !��� !�( !���(-�1 AK�5 !���' - +�2 0�/��-�* #	����3
������ 	�� ��&���e !L?� !�( �� ./��2pH ��' !��( �� ��jZ��� -
]/ZL?� AK5 ��L�� L�/0'���� ���� A��� m(��� - !L�?� !��(

��� ��&� 	�m(�� #��?;� !�( ����
@( - �/��5 .'��Q���� ��
VbbX ������
@( - ��������� -V����� ��VbbX �����)�' L���/pH ��

������ AK5 !��' 0�' !L�?� !�( 0?���-SBA-15 ��' +�2 �E�O�
0' 	���3 !��(-�1 �$���Z-\/Z+��@/ D��L1 /�]]-Q^[.

N0:k��v�pH �����N -�� #A�� <�L?� 	���&� AK5  ���o �' 
AF�5 �-� �'NH2(8mM)-SBA-15 

h�_�g�<��1 '��� �E� 
�� 0��  �� 	'K5 <�&��6� �� ��� !�(�)����* �M�� �� a�@� ����

��6� ���  �l?e ��' a��@� ���� �v� .��)/ .2 0)C���* �3 0' L�/ 0&
��� 	���&� �
2 �� m����3 ���� �' �� L?� !�(\+�2 +��� ��i/

 ���� 0���-�  �l?e �� �����  2K1 �' #!L?� ��� 0� �( !��' . ��
0' 	�;�� $�2 !-� �� .2 0)��� !L?�  9��� 0��  �� ��* 	'�C

 ��� ���"' 	��)'� P��7� �� AK5 ��' - +���' �� �����  �2K1 $��2
 AK5  9�� 0=�)/ �� - 	�;�� m(��	�'�� ���� �����  2K1 �'

 ��� 	7�' AK5 !��' !�)@� ���3 ��&� !�( 	�/�� -����>@( ��
0)��� L�/ L?� 0��-�  l?e	���2 �K�  ��� ��,2� ��@)�� ���3 !�(

 m(��	� 2K1 �� �* T��� - ��5 ��� .'��V0�'  9��� ����&�
  �'�v m����3 ���� �' �� L?� 	���&�  l?e &' 0' �3 �� - /���

 ��v� 0&��6� �� ����'��' ./�� 	7�' ��M��� <�L�?� 0���-�  �l?e ��'
 ���� #AK5 ��L������� #AK5V-���13 .2 0)��1 �l/ ��  9��

 
1 Jiang et al. 
2 Mureseanu et al. 

����
@( -Y��� ��Vbb[ ���� �� ����
@( - !��� -Vbb[ 0�'
� 	�'�i� .��)/0)���  � /�]Q-[[.

N0:lI�����N -�� #A�� <�L?� 	���&�  l?e �' a�@� ���� �v� 

h�_�`��E�
�f�/ X�)�� 6�!B� 2H�? 
��� 0��-�  l?e ���,� �' 0&��6� ��� �� �� ��M�� <�L?� !�(Yb��

Qbb 	?�� ' 0��-�  l?e �v� �)�� �� 8�1 #A�� <�L?� AK5 O�� �
- �� ������N :����NH2(8mM)-SBA-15 ����7 	����' �����

 -  ��1 ������ ��� �� +��B)��� ��' 	����&� AK�5 	����-L�� !��(
 �r�2) ���1 !��"�� ���/-�� - ��@M/j[�-�5 -V-� ��( .(

+��� �' 	'�C 0' �� 0�&��6� ���� L?� 0� �( !��' 	���&� AK5 !�(
)��� D���'��@( .� �-5 �� 0N ��GV-� ��( # �� +2 +��-3 L�/

 0�"��%� �� ���� ./������C�' 	�j�' ���"' 	M)"�@( $��4 �� ��
 	����&� AK5  ���o 0��i�' - 	'�=� 	���&� AK5  ���o 0��i�'

0��' +��2 ��-3���' ���� 0?����- 	��� 0��=�)/ 	�����-L�� !���( 0��N ����2
�)/ 0' ��@M/j �� �� �O�� !�(��-3�'q��L/ 	'�=� .� . ��� ��

 ��@M/j �� 0&��6� ��� �� ����'��'0'����9 A��k)/� $����� ��
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