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���� �� �[Ma'mani et. al 2010, Ozmen et. al 

2010, Huang and Hu 2008, Jainae et. al 2010, 

Jainae et. al 2010, Uheida et. al 2006, Mak 

and Chen 2004, Li et. al 2003, Mayo et. al 
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� ��� *��C���� j
���"+�[Maity and Agrawal 
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���a>L� /���O�2��1
� �� Fe3O4���� *��M�����

,
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�6�>�Y����O��
�
 Fe3O4����

� 3�
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APTES���� ,��q�� ��� ,�� /�������������

� �#��� 24?
� I,>�1�� ^Q�� eAH�� ,�APTES��,�

Fe3O4�9Yn���������
�[Shen et. al 2004]�/�mp�
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����*��APTES��E������ �3�
�.�����I��)����>�����

��������� �,�?�°C�tZ��
���a�L�AL���/��

��� ���O�
�
� 6�>�*��� ���
��@Y�����O�
�


Fe3O4/APTES��  DCHC����%� ,.� !#��� a�� ,�

� � �=DMF���� ,��q�� �x ���
� 2F.�����/

� N����V
� !������&�#���iV� S� ��DMF�� � *��� 0=

���,��q�����?
�p����,�� *�Q5� *�Q5� /����y�
��

����°C�9nZ�� ���� ,�s��mMA��� 2@��

��]����� �
��9[uk [�����O�
�
�  

Fe3O4/APTES/Nb(TCPP)���)� ���>��� E��.

�
��� /!������&�#���� ;<=� ����������Q�� ,M� �	��

� ,�� a�.���� ��"#�Fe3O4/APTES�*��4?b��I�
�

� ��� ���ODMF� IDCM��
��� ,�?�� 3�
����  �/

� 0"�� ��� ^Q�� eAH�� �>����� '�� �	�+�k��*���

2��/��

��

N)O����1����

� ���O�
�
� ���M� y�
��� ���

Fe3O4/APTES/Nb(TCPP���� �=� ���� 3�
F�� �

������ ����	�
������� N�K
�� ��/�������;�|�a�� ��

mL�9Z������3�
F�d
F��2D
}���mg/L�9Z�� mg�

9ZZ�����O�
�
� a�L� ���&

Fe3O4/APTES/Nb(TCPP)��
��� ,��q�� /�;�|

�2@������ �z�.���������rpm�WZZ������,�min�

WZ���� *���� ��".� /��O�)�
�
� ���M� ��)� '��m&

� ���>��� E��.*�
�+�5��� 2D
}����� ����	�
�� �
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�������%�.�� �M�E��.��
�5���3�
F�
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�]������>��M�y�
���*�>���7��
�����:��~��W8Z�

� �G=AH�i� N�%�a�n�d���� 0����
 6>�� �?M ����

9ZZ��
���3�
�.�� ���#� S� ����� �����  tZ��,)��

��
������%/���
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������Y��
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}���.�.�,����������	�1
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� �>
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���
M�  � ��� ��� I2����
� S����� �� �K�� ��

���6��� ��� ���2+=�6�� ���� �.�2��%� ���5� ����	�
�

���� ������ �O�)�
�
� E��.� ����	�
�� �<)�/

�����	�
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��/��
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�
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��O�)����=�� ��"��� I�O�)�
�
�� �� ��� ����	�
�

�������������	�
��� �=�/mL�9Z��� �=�3�
F�

� 2D
}� ��� ����	�
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�
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�
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�
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F�� ���>@� ,�

2D
}���� r
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����min 7����,�?�� /��������	�
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}

��� ;�H� 3�
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�D@�?�E��.���I�7�	�������������R8	��,��G���-I�=��������APTES���������������<��#����$�%V&��

��

`F�� �-���
��

���H��L��������

�*'��
��  � ���L����������E��.����O��XRD�� 

SEM��r�_� '���g�
L������� ��D>�� ,�XRD�

����O� �
�
Fe3O4� ��� ,���%i� 0"�n� S�r�_� ���  

�2���>G��J)��i�*��+�����M9[duW[�S,��+M�'����

�����&�P��&��������
����������iJCPDS 
9��S

��� ,?����� /�r�_XRD��6�>��2���>G�����O�
�


� r�_� ��� ���L� �
���+�� *��Fe3O4�����
���� 

2���/��

�E��.� *��� 6�>���O�)�
�
� ����.SEM�������

���i0"�7� /S*'��
������O�E������nmW89±�7W�

��� !��(.� /��D>�� !��� ,��*'��
�����%�� � �����

�'�����G
���kZZ�2���<&�N�K
��*�O/��

��

���(#�Q�FTIR���

* �%�,">�����4�����������^Q��,��!������&�#�������

*��� *�'� �
��&� *�O�
�
��r�_� $�
�FTIR�����O�
�


Fe3O4I�Fe3O4/APTES�

 Fe3O4/APTES/Nb(TCPP)�����,���%i�0"�u�S

                                                 
1�Joint Committee on Powder Diffraction 

Standards 

���5���<)����
� I2���>G���?�_�>c�� *�O�
�
�����

� ��9d�cm�7sZ�� �
��&� ,�� y����Fe–O��2���>G�

� 2��� i� 0"�au� /S�'�� m&� �L��� �
��&� !��

� ��� eAH�APTES��*���� ]�� !������&�#����  

������� /�I�?�_�>c�� ���O�
�
� ��� ,?����� ��

� ��� *��� *����&�2���>G�APTES����<)�������


��9d�cm�W[kZ��  WsuW��,�� y����� ,M� �
���

� �
��&� ���M� ����(.��C-H��!���� 0�& �&� * �%

�����>���i�0"�bu� /S,"4�� ,M�K
�� '����	�"�
����

��
��&�w��_�'�Fe–O–Si�������O�^Q��,���I�4?b

� � � APTES����O�
�
� ^Q�� ,� Fe3O4����

*������� ������
� �9�d�cm�9ZkZ��  9997��,�� ,M

� ,�� y����� ��.�.SiO–H �  Si–O–Si������>���

�����4������� /��� ��)��� ���
�  �9d�cm�knn7�� 

9unZ������.�.�,������M�P�(.���,��y������>
��.

N–H���+L�P�(.���   NH2�>���� /�r�_FTIR�

����O�
�
Fe3O4/APTES/Nb(TCPP)�i� 0"�cu�S

����"�&9d�cm�9us[���� ���
�� ,M� ����,��y����

��� ����� * �%� ���M� ���
������ /���4��� a�&� !��

���,M� �>M �'��  � �?
:� �M� ��Q�� !������&�#���

* �%� !��� ������ �
��&� 0�"�.� w��_�����>���� ���

APTES�* �%�  ����,�� !������&� a�
�?M���M� ���

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

�>�����8������	
����
������������������ ������
���� !������

 

��
��

�
�
�

����
��
	�

�

�
��

�

��
�
��

�
�

 

2��� *��4?b����O�
�
�^Q�� /�!�>�+��r�_�!��

� ���M�P�(.��C=C�!��M���,�
=� ����� ����� �
6>�

��9d�cm�97ZZ�������
��C�(q����
����������/��

��

��
�D@�SE��T�!XRD��������	���������
��
������

��

��

��
�D@�UE�����9>SEM��
��
����Fe3O4/APTES/Nb(TCPP)��

��

��

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

�"�	���#!�$�����%&�'(����)���������*��!�+��,�-&��	.���
'��	/��0�'��1�2V3��!����45����6��!��&��7�+(� �&��8!����9�����:::�� 

 

��
��

�
�
�

����
�	
�

�

�
��



��
�
��

�
�

 

�0"�ud��r�_FTIR�����O�
�
Fe3O4�iaS�$Fe3O4/APTESibS$ Fe3O4/APTES/Nb(TCPP) icS��
��

�<)���(#�Q���

����pH��

*� �F������O�)��	���M���pH�99d9����������

i0"�t� /S� ��� ������ ����	�
�� �<)pH��j��6��

*� �F����� �,�������pH�t�d7��������!�������,�

���� �*�������LpH������j��M��	��
5����������/���

pH�����	6)� �	��'6
�� 2
@� ,�� ������ ���

��� j��M� ����	�
�� ;<=� !������&�#���������/

�a�� '�� ��� ��� ,M� ,����������M� �����
 ��!�>b

���� 6�
� ���� *��� *��C���� !������&�#����*��� *��

�2��[Morehouset and Neta 1984, Egorov et. 

al 2002]� /� ��� ����	�
�� ;<=� j��MpH�������

����	��
5����?M ��������
��2��5��,��y������
��.

�����/��

��

��
��D@V�E���Q�pH�����,����()*����

��

��

\�+.����'������

3�
F��'������	�
��;<=��
��'��G�?�� �����������

�'��\�+.����'�,�9���.9WZ�����-���
� �������,��5�

�0"�s�2���*���*�������
�/�*������,M���Q
�+�

����,>�1��\�+.����'����min�kZ��,M�2��������

���4���.[n�~2���*���;<=�����	�
�/��

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID
�j��6����������	�
������;<=��H����O�)���6��

�!�������,���O�)

�;<=� ��� �
��.

���
�� �L��� ���� I����� ��<%�������

�j��6����������	�
������;<=��H����O�)���6��

9ZZ��!�������,���O�)

��� ����;<=� ��� �
��.

���
�� �L��� ���� I����� ��<%

�j��6����������	�
������;<=��H����O�)���6��

������6���!��� ����mg�9ZZ

����/��

���
�� !��� ��T=� ,">�������� ��

���
�� �L��� ���� I����� ��<%

�����,����()*����W�G>�-��.��Q���

�j��6����������	�
������;<=��H����O�)���6��

���������6���!��� ����

�����L����������

�����,����()*����N
�O�-������Q���

���
�� !��� ��T=� ,">��

� ����	�
�����.���
�� �L��� ���� I����� ��<%

����
���� !������

�����,����()*����W�G>�-��.��Q�

��

����� ;<=� ��

��� ������/

�j��6��� ���

�j��6����������	�
������;<=��H����O�)���6��

��

�����L������

�����,����()*����N
�O�-������Q�

�a�� '�� j��� 2��� !"+�� ��� J4>�� f�
� ,�� ,�?�

�,�� ,)�.� ��

���
�� !��� ��T=� ,">��

� ����	�
�

������	
����
������������������ ������
���� !����

�D@�X�E������,����()*����W�G>�-��.��Q�

7S ����� ;<=� ��

mg/L�9Z���� �����

��� *�����j��6��� ���

�D@�Y�E������,����()*����N
�O�-������Q�

�a�� '�� j��� 2��� !"+�� ��� J4>�� f�
� ,�� ,�?�

�>���� ,����� ��) � E�F�� ��� ���
�� /�,�� ,)�.� ��

������	
����
������������������

�img�kZZd 7

� 3�
F�� a�� '�� ����	�
�mg/L

� 0"�� ��� ,M� ,
�G
�+�[���� *���

��5�������

�a�� '�� j��� 2��� !"+�� ��� J4>�� f�
� ,�� ,�?�

�>���� ,����� ��) � E�F�� ��� ���
�

����8������	
����
������������������

�O�)���6��������

�O�)� ��6��� ����

� 3�
F�� a�� '�� ����	�
�

� 0"�� ��� ,M� ,
�G
�+�

���
����������5�����

�a�� '�� j��� 2��� !"+�� ��� J4>�� f�
� ,�� ,�?�

�>���� ,����� ��) � E�F�� ��� ���
�

�?�����8

 

��
��

�
�
�

����
��
	�

�

�
��

�

��
�
��

�
�

��

��

��

�O�)���6������

�O�)� ��6��� ���

� 3�
F�� a�� '�� ����	�
�

� 0"�� ��� ,M� ,
�G
�+�

��

��

���
�����

�a�� '�� j��� 2��� !"+�� ��� J4>�� f�
� ,�� ,�?�

�>���� ,����� ��) � E�F�� ��� ���
�

��
��

�
�
�

����
��
	�

�

�
��

�

��
�
��

�
�

 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

�"�	���#!�$�����%&�'(����)���������*��!�+��,�-&��	.���
'��	/��0�'��1�2V3��!����45����6��!��&��7�+(� �&��8!����9�����:::�@ 

 

��
��

�
�
�

����
�	
�

�

�
��



��
�
��

�
�

 

� E��.� ����	�
�� ;<=��� 2?�6+���O�)�
�
�������������1>��&i3 �)9/S��

��
Z<�O4E�-���1��Q�����()*����� ��G2�'�2F-�'I�M�[���N
�O�����/	�>��

���
����3�
F�������)������ ;<=���6��F-  S~i��

�E��-�F��Z8[n 

F- + NO3
-��s8[Z��

F- +NO2
- Z8s[ 

F- + Cl-��k8[Z��

F- + Br-��W8ss��

 

��� ,D=A�� ,M� ��Q
�+���;<=��H��� ���F-����

���
�� ��T=���*� �F�� ���2?�6+��������s8[Zd�

W8ss��~��������/�,��a��6
�������!��Z8[n�~�2��

����� w
(.� ����	�
�� � �=� E��� 3�
F�� ,�� ,M�/

���
�� !�����>�����;<=� ��� �M�
�� ���� ��M<�� ���

�
���� ���1>��&� �O�)�
�
� E��.� ����	�
�� /�!��

����&�#���� �����
�� j>"+���� 2
(�� ,
V?��!��

����� ����	�
�� ���� ��� *��� *��C���/������2���'��

*��C������"��� �����	�
���O�)�
�
�'����K�����

*��C���� ������O�)�
�
� '�� ��"�� � 

Fe3O4/APTES/Nb(TCPP)���� 2��� N':�������

��<)� ����>��E�����2F.�*����<)�����	�
�

�-���.� ,�� �O�)�
�
� ����>��� ��}��� $�
��

������	�
������f�4��� N�K
����  � *��M�J+)� �������

������� /�����<)� � ��M�!��� �������������	�
�����

2D
}����r
�������NaOH��N�K
��*�>�������>@�,�

� 2���'��� !�������  � ��F-�� 2D
}� ��M78Z����

�����2���i�3 �)W/S��

��
Z<�O;�E��I�I���N)O�<�'�2F-��	�����\�]�.���I�7����T��+��'�2NaOH��������-���������

2���'����H���F-   2D
}�NaOH�iMS��

k8nn�� 98Z��

Z8tZ�� W78Z��

u8[t�� 78Z��

k8sn�� t78Z��

W8tW�� Z89��

��

�mp��I���".��<)���(#�Q��I��=��!��?�
�'��m&

��� *��C����  � ����'��� ����K�� �O�)�
�
� /�'�� m&

����c.� ����	�
�� ;<=� ��6��� �#����� ���".� ��1b

� ,����
��
��>bi�0"�9Z� S*�>��
��
� ,M����"����

*��C���� �2���'�������O�)�
�
�!�����"��������/��

��

��

��

��

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID
1

as a Biomarker

110

2

3

5

6

7

8

9

10

1) Besten D. 1994

as a Biomarker

110.  

2) Norma Oficial Mexicana: NOM

SSA1.1994. 

uso y consuma humano. Limites 

permisibles de calidad y tratamiento a que 

debe someterse el agua para su 

potabilizacion. Mexico, D.F. Diario Oficial 

de la Federacion CVIII 

1996.  

3) World Health Organizati

Guidelines for Drinking Water Quality, 

vol.1, 2

Organization, Geneva.

5) Huang C.

Precipitate flotation of fluoride

containing wastewater from a 

semiconductor manufacturer

33 (16), 3403

6) Popat K. M. Anand P.

D. 1994. Selective removal of fluoride 

ions from water by the aluminium form 

of the aminomethylphosphonic acid

ion exchanger

23–32. 

7) Meenakshi S

Identification of selective ion

resin for fluoride sorption. J. Colloid 

Interface Sci

8) Joshi S. V. Mehta S.

Rao A. V. 

fluoride using HPLC in reverse osmosis 

experiments

9) Simons R. 

from ash dam waters by nanofiltration 

and diffusion dialysis

(3), 325–341

10) Adhikary S.

P. and Govindan K.

Defluoridation during desalination of 

����������@>�^���.��_������,����()*��I.����

1994. Dental Fluorosis

as a Biomarker. Adv. Dent. 

Norma Oficial Mexicana: NOM

. Salud Ambiental

uso y consuma humano. Limites 

permisibles de calidad y tratamiento a que 

debe someterse el agua para su 

potabilizacion. Mexico, D.F. Diario Oficial 

de la Federacion CVIII 13

World Health Organization (WHO)

Guidelines for Drinking Water Quality, 

2nd ed., 

Organization, Geneva. 

Huang C. J. and Liu J.

Precipitate flotation of fluoride

containing wastewater from a 

semiconductor manufacturer

3403–3412. 

M. Anand P. S. and Dasare B.

Selective removal of fluoride 

om water by the aluminium form 

of the aminomethylphosphonic acid

ion exchanger. React. 

Meenakshi S. and Viswanathan N

Identification of selective ion

resin for fluoride sorption. J. Colloid 

Interface Sci., 308 (2), 438

V. Mehta S. H. Rao A.

. 1992. Estimation of sodium 

fluoride using HPLC in reverse osmosis 

experiments. Water Treat

. 1993. Trace element removal 

from ash dam waters by nanofiltration 

ffusion dialysis. 

341. 

Adhikary S. K. Tipnis U.

P. and Govindan K.

Defluoridation during desalination of 

����������@>�^���.��_������,����()*��I.��

Dental Fluorosis: Its Use 

. Res. 8 (1), 105

Norma Oficial Mexicana: NOM-127

Salud Ambiental. Agua para 

uso y consuma humano. Limites 

permisibles de calidad y tratamiento a que 

debe someterse el agua para su 

potabilizacion. Mexico, D.F. Diario Oficial 

13, 18 de Enero de 

on (WHO). 1993

Guidelines for Drinking Water Quality, 

World Health 

J. and Liu J. C. 1999

Precipitate flotation of fluoride

containing wastewater from a 

semiconductor manufacturer. Water Res., 

S. and Dasare B.

Selective removal of fluoride 

om water by the aluminium form 

of the aminomethylphosphonic acid-type 

. Polym., 23 (

and Viswanathan N. 2007

Identification of selective ion-exchange 

resin for fluoride sorption. J. Colloid 

438–450.�
H. Rao A. P. and 

Estimation of sodium 

fluoride using HPLC in reverse osmosis 

Water Treat., 7, 207–211

Trace element removal 

from ash dam waters by nanofiltration 

. Desalination, 

K. Tipnis U. K. Harkare W.

P. and Govindan K. P. 1989

Defluoridation during desalination of 

����
���� !������

����������@>�^���.��_������,����()*��I.��

�,M� �����	�
�
�����>��� 6�>��;��� ,(#�Q��!��� ��

����L�0��+.� �*����!������&�#�������

�3�=

���� 2#�1�� `@��� �O�)�
�
� �?�_�>c�� 2
�L

� � ��

������������>������&�#����j��������
��j>"+���

���� ��>�6%� �'����)� !����� `@��� ����	�
�

�,(#�Q�� !��� �
H�� -���


�,"���Q�� *���� J���� ����	�
�� ;<=

�/��

�2��� ,�?�� 

�j��6��

�j��M� ��� '�� m&�  � 045� ���� ,����

�0��5� ���� 2?�6+�� ���

��

���1b� �.

������K��*��C���� �����'���0��5�,
=��/��

Its Use 

105-

127-

Agua para 

uso y consuma humano. Limites 

permisibles de calidad y tratamiento a que 

debe someterse el agua para su 

potabilizacion. Mexico, D.F. Diario Oficial 

 de Enero de 

1993. 

Guidelines for Drinking Water Quality, 

World Health 

1999. 

Precipitate flotation of fluoride-

containing wastewater from a 

. Water Res., 

S. and Dasare B. 

Selective removal of fluoride 

om water by the aluminium form 

type 

 (1), 

2007. 

exchange 

resin for fluoride sorption. J. Colloid 

P. and 

Estimation of sodium 

fluoride using HPLC in reverse osmosis 

211. 

Trace element removal 

from ash dam waters by nanofiltration 

, 89 

K. Harkare W. 

1989. 

Defluoridation during desalination of 

������	
����
������������������ ������
���� !����

�D@�4`E�����������@>�^���.��_������,����()*��I.��

�,M� �����	�
�
�����>��� 6�>��;��� ,(#�Q��!��� ��

����L�0��+.� �*����!������&�#�������

������
���L�'���������� /�3�=

���� 2#�1�� `@��� �O�)�
�
� �?�_�>c�� 2
�L

��� ���>��� a�� '�� *��C���� ��� �'����)�� � ��

������������>������&�#����j��������
��j>"+���

���� ��>�6%� �'����)� !����� `@��� ����	�
�

�,(#�Q�� !��� �
H�� -���


�,"���Q�� *���� J���� ����	�
�� ;<=

minkZ����;<=�/

pH��2��� ,�?�� 

*� �F�� ��� ,"���Q��� �td7��j��6��

�j��M� ��� '�� m&�  � 045� ���� ,����

�0��5� ���� 2?�6+�� ���

����
�����	�
��;<=�*�'������1)�./��

� ����	�
�� � �=� �O�)�
�
���1b� �.

������K��*��C���� �����'���0��5�,
=��

������	
����
������������������

�D@�

�,M� �����	�
�
�����>��� 6�>��;��� ,(#�Q��!��� ��

����L�0��+.� �*����!������&�#�������

�	�
������,��24?
������
���L�'�����

���� 2#�1�� `@��� �O�)�
�
� �?�_�>c�� 2
�L

��� ���>��� a�� '�� *��C���� ��� �'����)

������������>������&�#����j��������
��j>"+���

���� ��>�6%� �'����)� !����� `@��� ����	�
�

��� ���� ��������%� /�,(#�Q�� !��� �
H�� -���


���2��1����'����������
Y��

�,"���Q�� *���� J���� ����	�
�� ;<=

��_�����	�
�min

� ,�� ����	�
�� ;<=pH

*� �F�� ��� ,"���Q�

�j��M� ��� '�� m&�  � 045� ���� ,����

2���/��

���
�� ��T=����0��5� ���� 2?�6+�� ���

����
�����	�
��;<=�*�'������1)�.

� ����	�
�� � �=� �O�)�
�


������K��*��C���� �����'���0��5�,
=��

����8������	
����
������������������

����������	��

�,M� �����	�
�
�����>��� 6�>��;��� ,(#�Q��!��� ��

* �%�� �=�������L�0��+.� �*����!������&�#�������

�	�
������,��24?


���� 2#�1�� `@��� �O�)�
�
� �?�_�>c�� 2
�L

��� ���>��� a�� '�� *��C���� ��� �'����)

������������>������&�#����j��������
��j>"+���

���� ��>�6%� �'����)� !����� `@��� ����	�
�

E�F������� ���� ���

���2��1����'������

� �,"���Q�� *���� J���� ����	�
�� ;<=

[n�~��_�����	�
�

� � ,�� ����	�
�� ;<=

*� �F�� ��� ,"���Q�

�j��M� ��� '�� m&�  � 045� ���� ,����

���2���

� ���
�� ��T=

����
�����	�
��;<=�*�'������1)�.

� � ����	�
�� � �=� �O�)�
�


������K��*��C���� �����'���0��5�,
=��


��
���������

?A�����8

 

��
��

�
�
�

����
��
	�

�

�
��

�

��
�
��

�
�

��

��

����������	

�,M� �����	�
�
�����>��� 6�>��;��� ,(#�Q��!��� ��

* �%�� �=

�	�
������,��24?


���� 2#�1�� `@��� �O�)�
�
� �?�_�>c�� 2
�L

��� ���>��� a�� '�� *��C���� ��� �'����)

������������>������&�#����j��������
��j>"+���

���� ��>�6%� �'����)� !����� `@��� ����	�
�

E�F�

���2��1����'������

��


��
�������

��

��
��

�
�
�

����
��
	�

�

�
��

�

��
�
��

�
�

 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

�"�	���#!�$�����%&�'(����)���������*��!�+��,�-&��	.���
'��	/��0�'��1�2V3��!����45����6��!��&��7�+(� �&��8!����9�����:::?B 

 

��
��

�
�
�

����
�	
�

�

�
��



��
�
��

�
�

 
brackish water by electrodialysis. 

Desalination, 71 (3), 301–312. 

11) Hichour M. Persin F. Sandeaux J. and 

Gavach, C. 2000. Fluoride removal from 

waters by Donnan dialysis. Sep. Purif. 

Technol., 18 (1), 1– 11.�
12) Kundu S. and Gupta A. K. 2006. Arsenic 

adsorption onto iron oxide-coated cement 

(IOCC): Regression analysis of 

equilibrium data with several isotherm 

models and their optimization. Chem. 

Eng. J., 122, 93–106. 

13) Onyango M. S. Kuchar D. Kubota M. 

and Matsuda, H. 2007. Adsorptive 

Removal of Phosphate Ions from 

Aqueous Solution Using Synthetic 

Zeolite. Ind. Eng. Chem. Res., 46 (3), 

894–900. 

14) Choy K. K. H. Porter J. F. and McKay 

G. 2004. Film–pore diffusion models—

analytical and numerical solutions. 

Chem. Eng. Sci., 59 (3), 501–512. 

15) Meenakshi S. and Maheshwari R. C. 

2006. Fluoride in drinking water and its 

removal. J. Hazard. Mater., 137, 456–

463. 

16) Zhao X. L. Shi Y. L. Cai, Y. Q. and Mou 

S. F. 2008. Cetyl trimethyl ammonium 

bromide-coated magnetic nanoparticles 

for the pre-concentration of phenolic 

compounds from environmental water 

samples. Environ. Sci. Technol. 1139, 

178– 184. 

17) Ma'mani L. Sheykhan M. Heydari A. 

Faraji M. and Yamimni Y. 2010. 

Sulfonic acid supported on 

hydroxyapatite-encapsulated-�-Fe2O3 

nanocrystallites as a magnetically 

Brønsted acid for N-formylation of 

amines. Applied Catalysis A: General, 

377, 64-69. 

18) Ozmen M. Can K. Arslan G. Tor A. 

Cengeloglu Y. Ersoz M. 2010. 

Adsorption of Cu(II) from aqueous 

solution by using modified Fe3O4 

magnetic nanoparticles. Desalination, 

254, 162–169. 

19) Huang C. and Hu B. 2008. Silica-coated 

magnetic nanoparticles modified with �-

mercaptopropyltrimethoxysilane for fast 

and selective solid phase extraction of 

trace amounts of Cd, Cu, Hg, and Pb in 

environmental and biological samples 

prior to their determination by 

inductively coupled plasma mass 

spectrometry. Spectrochimica Acta Part 

B, 63, 437–444. 

20) Jainae K. Sanuwong K. Nuangjamnong 

J. Sukpirom, N. Unob F. 2010 Extraction 

and recovery of precious metal ions in 

wastewater by polystyrene-coated 

magnetic particles functionalized with 2-

(3-(2-aminoethyl 

thio)propylthio)ethanamine. Chemical 

Engineering Journal, 160, 586–593. 

21) Uheida A. Salazar-Alvarez G. Bj E. Yu 

Z. Muhammed M. 2006. Fe3O4 and �-

Fe2O3 nanoparticles for the adsorption of 

Co2+ from aqueous solution. J. Colloid 

Interface Sci., 298, 501-507. 

22) Mak S. Y. and Chen D. H. 2004 Fast 

adsorption of methylene blue on 

polyacrylic acid-bound iron oxide 

magnetic nanoparticles. Dyes Pigments, 

61, 93-98. 

23) Li P. Miser D. Rabiei S. Yadav R. T. and 

Hajaligol M. R. 2003. The removal of 

carbon monoxide by iron oxide 

nanoparticles. Appl. Catal. B: Environ., 

43 (2), 151-162. 

24) Mayo J. T. Yavuz C. Yean S. Cong L. 

Shipley H. Yu W. Falkner J. Kan A. 

Tomson M. and Colvin V.L. 2007. The 

effect of nanocrystalline magnetite size 

on arsenic removal. Sci. Technol. Adv. 

Mater., 8, 71-75. 

25) Blaney L. M. Cinar S. Sen Gupta A.K. 

2007. Hybrid anion exchanger for trace 

phosphate removal from water and 

wastewater. Water Res., 41, 1603-1613. 

26) Hristovski K. Westerhoff P. Moller T. 

Sylvester P. Condit W. and Mash H. 

2008. Simultaneous removal of 

perchlorate and arsenate by ion-exchange 

media modified with nanostructured iron 

(hydr)oxide. J. Hazard. Mater., 152, 397-

406. 

27) Biesaga M. Pyrzynska K. and 

Trojanowicz M. 2000. Porphyrins in 

analytical chemistry. A review. Talanta, 

50, 209-224.  

28) Gupta V. K. Jain A. K. Singh L. P. and 

Khurana U. 1997. Porphyrins as carrier 

in PVC based membrane potentiometric 

sensors for nickel(II). Anal. Chim. Acta, 

355, 33-41.  

29) Sadeghi S. and Shamsipur M. 2000. 

Lead(II)-Selective Membrane Electrode 

Based on Tetraphenylporphyrin. Anal. 

Lett., 33, 17-28. �
30) Gupta V. K. Jain A. K. and Mangla R. 

2000. Protoporphyrin IX dimethyl ester 

as active material in PVC matrix 

membranes for the fabrication of zinc(II) 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

?������8������	
����
������������������ ������
���� !������

 

��
��

�
�
�

����
��
	�

�

�
��

�

��
�
��

�
�

 

selective sensor. Sens. Actuators B, 76, 

617-623.  

31) Vlasov Y. U. Legin A. and Rudnitskaya A. 

1997. Cross-sensitivity evaluation of 

chemical sensors for electronic tongue: 

determination of heavy metal ions. Sens. 

Actuators B, 44, 532-537.  

32) Adriana M. Pimenta Alberto N. Araújo 

Maria Conceição B. S. Montenegro M. Celio 

Pasquini Jarbas J. R. Rohwedder Ivo M. 

Raimundo Jr. 2004. Chloride-selective 

membrane electrodes and optodes based on 

an indium(III) porphyrin for the 

determination of chloride in a sequential 

injection analysis system, Journal of 

Pharmaceutical and Biomedical Analysis, 

36, 49–55 

33) Seo H. R. Lee H. K. and Jeon S. 2004. 

Improved Thiocyanate-Selective Electrode 

Based on Tetra(trimethylphenyl)- 

porphyrinato Manganese (III) Chloride: The 

Electronic and pH Effects. Bull. Korean 

Chem. Soc., 25 (10), 1484-1488. 

34) Fagadar-Cosma E. Vlascici D. Fagadar-

Cosma G. Bizerea O. and Chiriac A. 2004. 

The study of the electrochemical behaviour 

of metalo-porphyrins with Co(II) and 

Co(Ill). Nitrite-selective electrode based on 

[5,10,15,20-tetraphenyl-21H,23H-

porphyrinato-N21, N22, N23, N24]Co(III) 

chloride. Rev. Chim., 55, 882-885. 

35) Mitchell-Koch J. T. Pietrzak M. 

Malinowska E. and Meyerhoff M. E. 2006. 

Aluminum (III) Porphyrins as Ionophores 

for Fluoride Selective Polymeric Membrane 

Electrodes. Electroanalysis, 18, 551-557. 

36) Gorski L. Meyerhoff M. E. Malinowska E. 

2004. Polymeric membrane electrodes with 

enhanced fluoride selectivity using Zr(IV)-

porphyrins functioning as neutral carriers. 

Talanta, 63,101-107. 

37) Malinowska E. Górski L. and Meyerhoff M. 

E. 2002. Zirconium (IV)-porphyrins as novel 

ionophores for fluoride-selective polymeric 

membrane electrodes. Anal. Chim. Acta, 

468, 133-141. 

38) Mifune M. Sugimoto k. Iwado A. Akizawa 

H. Motohashi N. Saito Y. 2003. Flow 

Injection Analysis of Hydrogen Peroxide 

Using Glass-Beads Modified with 

Manganese(III)-Tetra(4-

carboxyphenyl)porphine Derivative and Its 

Analytical Application to the Determination 

of Serum Glucose. Anal. Sci., 19 (4), 569-

573. 

39) Iwado A. Mifune M. Kato J. Oda J. 

Chikuma M. Motohashi N. and Saito Y. 

2000. Catalytic Activity of Anion-Exchange 

Resins Modified with Metal-Porphine in 

Oxidative Reactions of Phenols. Chem. 

Pharm. Bull., 48 (11), 1831-1832. 

40) Iwado A. Mifune M. Hazawa T. Mukuno T. 

Oda J. Motohashi N. and Saito Y. 1999. 

Peroxidase-Like Activity of Ion Exchange 

Resins Modified with Metal-Porphine in 

Fluorescent Flow Injection Analysis. Anal. 

Sci., 15 (9), 841-846. 

41) Maity D. and Agrawal D. C. 2007. 

Synthesis of iron oxide nanoparticles under 

oxidizing environment and their stabilization 

in aqueous and non-aqueous media. J. Magn. 

Magn. Mater., 308 (1), 46–55. 

42) Shen X. C. Fang X. Z. Zhou Y. H. and 

Liang H. 2004. Synthesis and 

characterization of 3-

aminopropyltriethoxysilane-modified 

superparamagnetic magnetite nanoparticles. 

Chem. Lett., 33, 1468–1469. 

43) Merrifield R. B. S. 1963. Solid Phase 

Peptide Synthesis. I. The Synthesis of a 

Tetrapeptide. J. Am. Chem. Soc., 85, 2149-

2154. 

44) Morehouset K. M. Neta P. 1984. Kinetics of 

demetalation of manganese (II) porphyrins 

in aqueous solutions. J. Phys. Chem., 88, 31, 

18-3120. 

45) Egorov V. V. Rakhman’ko E. M. Rat’ko A. 

A. 2002. Metalloporphyrin-Based Anion-

Selective Electrodes with Unusual 

Selectivity. J. Anal. Chem., 57, 46-53.

 

 

 

��

��

��

��

��

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

�"�	���#!�$�����%&�'(����)���������*��!�+��,�-&��	.���
'��	/��0�'��1�2V3��!����45����6��!��&��7�+(� �&��8!����9�����:::?; 

 

��
��

�
�
�

����
�	
�

�

�
��



��
�
��

�
�

 

��

��

 

 

 

 

The synthesis of magnetite nanoparticles functionalized by Nb (V) - 
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aqueous media��
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Abstract 
 

Abundance of amounts of fluoride in water resources has a harmful effect on human health. A new 

magnetic nanoadsorbent was developed by treating Fe3O4 nanoparticles with 3-

aminopropyltriethoxysilane and Nb (V) - metalloporphyrin and applied to remove excessive fluoride 

from aqueous solutions. Nb (V) - metalloporphyrin was attached to Fe3O4 via the interaction between 

the carboxylic groups and the amine groups of APTES. Fourier Transform Infrared Spectroscopy (FT-

IR), elemental analysis, X-ray diffraction (XRD), and Scanning Electron Microscopy (SEM) were used 

to characterize the synthesized nanoparticles. The effect of pH, contact time, sorbent dosage and some 

co-existing anions present in aqueous solution was investigated. The results indicated that under 

optimal conditions (i.e. pH: 5.5, contact time: 30 min and sorbent dosage: 100 mg) the fluoride removal 

efficiency of 94.0% can be achieved. Regeneration of fluoride adsorbed material could be possible with 

NaOH and the modified magnetic nanoparticles exhibited good reusability for four cycles. 
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