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�&� �J�,��8 ��� �"�# �!"�� �
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#��!+�� , 8�M� ;<�=�IJ �  ��?X 6�% !*�)� 5 ���� . �# 	�G��! .�N 6� ;����J ��� ����5 �  �$ 6�% 

��"$�,�� �#��  8� �!��0,1 ���� . �# 	�G��! �"�#)Malkoc2005.( D� 8� ;_�(N i,�R$�E 8�;? ��$��J )EPA (

, 8�M� 6��&� �j���N�IJ ��"$ �$ 6��,��  �6 ����
�0,04 ����  	�G6� .��! *'��� . ;�� ���  

,�IJ ��� 4�5�� ���7 8����  46
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Q 5��k% .�N6� O;���J ��&��� :�#% ��� �� 5���  8���# � ��6��!�6) ;��1393(. 
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� 6�% ����M �,� ��� :
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'�;  O��5�

6 ��F���� � ��o
� ��
B!�� � ���# ���G Op��(!�� � g
�' O�M�G�� O�6��� n��# IJ�, ��N ;��
�?� ���b�  .

�
" �� ��?,� q�� ;���, 6� � ���" A*� � 8
,��� Oi(, ���')٢٠٠٨Sen Gupta,S.Bhattacharyya .(   

 S�&D' ��� 	�M,� 8� ^� *'���pH�#��� , ^UN ;�7�IJ ��.
�D� 8�% #$� �# ��#�?X � F��V� 4�6W
,�, ��(!���?� 

���� �# �" ��� �"
X  ��# �W�7 6��&� ���*'��� , ^UN ;�7�IJ F��V� 4�6W
,�, ��(!�� �#�?�  ��� �"
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 ��� %���)  ��`k 4�*.�T� o����# ���N �*.�T� 6� �" ��(!�� �W�7O1396O I)� �,����� ��?N�) � (1396 (

 . ;�� �" %8�� ���$ � ���'  

P�� ��N�� 6�  %8�� ���$ ���' �W�7 ��6� IN�� 8� (	�G
��� K�, ���N 6�) ����  ���,� 6��&� ��!#� .�"�# �� ����

!�� �# ir� .�" %6�$ @�7 O�" ;"���# o�`�6��# ��" 6� @k�� �6
� IN�� 8� S�&D' ��� 6� �� �# L.� 8� ��(

 �� 5���60  L�6����� ���� ���6$ �# � �!B�6 �+# L� 6� I)�N ;Q�
�J� ���� .�" L.� 6�# ����s37  �# �)6�

 4�� �# � �,�"
X Z
X6� ����
# �6 �+# %�6 .�" ����� �,�"
r# �6 ���� %�6 ���� �� %� 8��,�24  ���  6� ;���

� �!?" �T&� �$ �# ir� .�" �!"�UG P�N  %��� 6� ��$ 6� I)�N 6�� K, ���� .�" ^�)100  �# ���G �!,�� �76�

 4��4 .�
" L+Q ���� �' �" ��� 46��N ;���  

F��V� 4�6W 
,�, ;Q�� Z�6�?� ;.�`�(CoFe2O4) O���� �# �" ��� �"
X  ��!#�60 �� �� (���  �# p�� KB'

40�� ��  �T&� �$�" �!B�6 �+# L� 6� ��5�  %�6 �# ir�  �!"�UG �?�F��V�  K  4�" �#�" �8  �' ����

 � �
" ;Q�
�J�^�(" P
�D� �.:8 � $ ;��#�� 6��&� �*#.1,82 , 	�G�4��!  � �#$ �" ;.�`�8,08 , 	�G�4��! 

)� $III ���  �# �#$ �, (3 ��� 6� ��) ���� 	�GIN 8�� ���$ I`k% (�" �!? $ �#�  6� � ���  ����� ��8 K  P�N

�  �'2 � K  ;���" �8��� 6� �*# .% 80  �76� ���G �!,��46��N ��" L+Q �' �" ��� . ;��# L+Q 6�
X

 .�" ^�) �?�F��V� 4�6W ���) U=�� ����
# � �!?" �T&� �$ �# �6 ��$��� 6� ��$ 6� ir�% 100  �# �76�

 4��2  ;��� %��� 6� �" L+Q 6�
X ;���, 6� .�
" L+Q ���� �' �" ��� 6��k850  4�� �# ���G �!,�� �76�
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2  �� �# L.� 8� ��(!�� �# � �" 6�
X ���� ���s ���  ����
# �*# � �" ��� 46��N 6
� 6� ;���270 .�" ^�) 

 �" L+Q 6�
XI)�N ��_ 6�� �!?#6� %�*# IN��� 	�M,� %��# 6����,�" %.  

  

2-2 0��1�pH   ��2� 

  

 ���*' ;�7pH  ��!#� ����#5 � �.6� ^�_ �.6� �  6� ���G �� ���20 ;<�= �# IJ�, P
�D� �!�. ����ppm5 

 6� � .�
" �� �����pH A�!B� %� 3 O5 O6 O7 O8  ����&� �#1/0 4�� �# �W�7 	�G10  �# �J�" ��!�� E�
' �&�k�

 ;���200  iX O�
+�� �8 K  �# �&�k� 6� 6�� E�
' ����8$ �  	�M,� 8����) %8����7 �# 	��k� �W�7 �� 

 ;<�= .K����,IJ�, �" %8����7 P
�D� 6� �,���k�#�6 O E�
'  ��!�� ��'� �U7 P��fs  240  �,�r�� ;Q��)

 ( ���6�� � %��G 8��,�pH  K�<�' �� ;����W �# 	8: .���G �� ���*' ����#pH  E�
' ����8$ �  6� E�D�

 ��?��6��  K��� � L�6����� ���� %��.
�D�01/0  	�M,� 6:
� � �� %��# ��*� ����GpH  P
�D� �Tk �Tk

 �# �' ����G ����� O����8$ 	�M,� %��# �<, �6
� P
�D� �# %8�# P
�D� �Tk �Tk O���5�� %��# � %����pH  �6
�

 .���# �<,  

 6��&� �  6� ;�� ����#pH  �$ O�"�# ��� u6 IJ�, ^UN �)6� �j���N �� ��pH �# ��8 P
��� 8� . ;�� ����# %�

 :����G ��(!�� ^UN �)6� �`��D�  

)3-2(100 %R =  IJ�, ^UN �)6�  

  

�$ 6� ��Ct  OC0. �"�# �� IJ�, ��.�� ;<�= � ����8$ 	�M,� 8� �*# IJ�, ;<�= C�'�' �#  
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 O�W�7 ����# 6��&� ���*' ;�75  �.6� �  6� � ����G ���$ �.6� ^�_20  IJ�, P
�D� �!�. ����ppm5   6�pH 

 ����&� O�
" �� ����� I`k ��N�� 6� ��$ ;��# ����#01/0 O05/0  O2/0 O4/0  O5/0 	�G  4�� �# �W�710  O�&�k�

 4�" �# �J�" 8� ��(!�� �#200  iX O�
" �� �8 K  �&�k� �# 6�� 	�M,� 8� U=�� E�
' �W�7 %8����7 � �
�8$

 ���) ;<�= IJ�, P
�D� 6� �,���k�#�6  ��!�� E�
' �� ���*' �W�7 8�� ����# 6��&� � %��G 8��,� ��'� �U7

 .���G 

  

3-  45�6� 

  

3 -1  7�8�� �� 	9��  :�6�pH 	
�� .�/ 7� 
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pH �"�# �� �U7 6� �Yx� I��
� ���!���8� �J� �� 4�5�� 6� �,
� ;.�N ���V' n��# �$ � �� �� ���5�� ���8 .

.�
" � ���b�  4����V' ��pH  6�UG ��Y�' �U7 ���$�� %�6 �# ��� ��� �� �
" 5�,
� �W�7 yT� �
" �� n��#

 .;���# �" �U7 ��� � �W�7 %�6 �J��!J.� 6�#pH  .�6�� K�&!?� d�`'6� ��?X  

��Yz'pH   �U7 �# IJ�,)6��
�, 6�1;�� �" ��� ��+, ( ,��  �
" �� � �+� �� 6
TIk��N �8�# �U7 6� 

3pH=  .��$ ;��# 6� �U7pH � � �� {�e!Q� Z�
Q �# �6 %�!+�# �U7 ;���_ O:�#. ���5�� �#pH O �8�# 

�U7  IJ�,5�, 9�6�!# � �# C�" �`��&'  6� �J�6
F �# �#�� �� ���5�� �!Q�
�J�7 pH=  ���!+�# �# �U7 �8�#

;�� ���6 �
Q 6��&� .  

 

  

  

 

)���58&1 �:� (pH&�& <�5� +,�& �01 � =) >��� :?@�"�# <@��� .6��" �  !�� !��� ?�5B ���2��3" ���4 5 :C��rpm200 

 :�4�1 ���F" -g 1/0 =) C�"� -:C��min 10  :+,�& 6�
�� >H(I -mg/L5 :K5(." =�L -mL20 . 

)6��
�, �� 6
T,�� 1 �Y� (pH ���5�� �# �� ;�� |B+� O� � �� ��+, �6 IJ�, �U7 �)6� %�6�#pH  �U7 ��5��

 6� �U7 ��5�� ���!�# � ���5��7pH=  �M��� 6� iX.��� u6pH  �# �#��# ����#7 .;�� 

;?,�� ��8 I��� 8� �"�, ��
!�� �6 �U7 �8�# 6� @��� �!`?, ���5��:  

  6�pH  �
� ����&� O:�#-OH  �6 IJ�, ;`j� %5�� %�  �
� � �!��� ���5�� �W�7 yT� P
�D� 6� �
7
�

$ �M�!, �� ��� �� �U7.;�� IJ�, ^UN ����,�6 ���5�� � 

  6�pH  ��� ;#�k6 IJ�, %5�� %�  �
� �# �  �
� ��� �� �6�� �
7� �R�6��  %�  �
� OE�D� 6� O%����

 6� ��� �# ��� .�,��G �� 6��k �W�7 %�6 �# IJ�, %�  �
� %�7 �# �pH  5�,
� �W�7 yT� O%����
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�� 6��k �$ %�6 ;`j� 6�# 8� %� ��: � �"  �
� �U7 @,�� � �6�$ �
7
# �*��� %���, L� ��: ��� ���G

.;�� IJ�, ^UN ����,�6 � �� O�$ �M�!, �� �" �W�7 %�6 �# IJ�, %�  

  

3 -3	
�� .�/ 7� .��/ ��"*� 7�8�� �� 	9��  :�6� 

 

 ��.�� ;<�= %��# �6 �W�7 ;���_ ���8 O;�� �U7 4�*.�T� 6� K�� %� �!��6�X 8� �J� �W�7 8����� �� ���*'. 

6� �W�7 8�� �Y� 4�*.�T� 6��
�, )2 ;�� �" ��� ��+,(. �U7 ;���_ O�.��*' 6��&�(qe)  �W�7 8�� ���5�� �#

 �W�7 8�� 8� O�U7 K��5���  . ;�� �!��� ���5�� O�W�7 8�� ���5�� �# IJ�, ^UN �)6� .�#�� �� ���5��1/0  O	�G

)IJ�, ��.�� ;<�= %��#mg/l5.��$ ;��# (  8� �':�# ���5�� 6�1/0  6� .��6 ��, �<�# %�!+�# �DT� �U7 	�G

 ���N1/0  O;�� �# ^UN ����,�6 6� ���5�� .�
# ���� � ��+���8$ E���" 6� O�j���N �U7 %��# �W�7 8� 	�G

.�"�# �� �':�# %� 8�� 6� {
eB# �W�7 8�� ���5�� �Y� 6� OP�*� %�  ;��� o�!�� I#�k yT� ���5��  

  

  

 

)���58&2=) >��� :?@�"�# <@��� .6��" �  !�� !��� ?�5B ���2��3" ���4 5&�& <�5� +,�& �01 �� �4�1 ���F" �:� ( C��

 :rpm200  -7pH==) C�"� -:C��min 10 :+,�& 6�
�� >H(I -mg/L5 :K5(." =�L -mL20  

) 6��
�, �� 6
T,�� 2J�, ^UN �)6� O �W�7 6��&� ���5�� �# � � �� ��+, ( 6� �`?, ���5�� .;�� �!��� ���5�� I

 8�� 8� �*# IJ�, ^UN ��5��g1/0�W�7 ����# 6��&� %�*# 4�*.�T� 6� �� ;�� 5�s�, O�W�7 8�1g/0�!��G �<, 6�  

.�" 

  

4_ �7�<  :�6�  
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���� �# �" ��� �"
X �?�F��V� 4�6W 
,�, �� ��� ��+, ���N �*.�T� OIJ�, ^UN %��# �Y
� �W�7 L� �D� 8� P


 �
b�  �(�!B� %� �!��6�X ��Y�' ;D' �  �
� ��� �U7 .;�� �#$ %� pH � .;��G 6��k IJ�, �W�7 8��  ���':�#

 ^UN  6� �  �
� ��� pH = 7  . ��$ ;��# � �� �  �
� ��� ^UN ����,�6 O��.�� %�  ;<�= ���5�� �# ���b� 

;���IJ�, ^UN �)6� �� ���M,$ 8�. � �# �#$ %�  P
�D� 6� 4�6W 
,�, ����#��# O�
# 5��$ ;�&�
� 6W 
,�, ��� 8� ��(!�

���� �# �" ��� �"
X �?�F��V� IJ�, �e�� ^UN %��# %��e!k� � �Y
� �W�7 ��"�# �� �#$ %�  P
�D� 8� .  

  

5- >����  

  

��6��!�6O�.@�#6.6)O1393  ("^UN IJ�, � 	
����� 8� ��?X ��
�e� �# �Q�"�� 4�*��� 8� ��(!��  � o��G 4�=�#
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Abstract 
 Heavy metals are among the most common pollutants commonly found in high concentrations in sewage 

industries, causing serious damage to the environment and endangering human health. Nickel is 

considered an important pollutant of the environment and is considered to be a toxic pollutant at 

concentrations above the limit, which interferes with human health and biological activity of the cell. In 

this study, the adsorption of this metal from aqueous solutions was investigated using sand-coated 

magnetic nanoparticles. The effect of pH, absorbed dose, was studied by a discontinuous method. The 

results of this study showed that the adsorbent absorption was highest at pH = 7, the initial concentration 

of nickel was 5 mg / L, and the absorbent dose was 0.1 g. Therefore, magnetic nanoparticles coated with 

sand had a lot of potential in removing nickel from aqueous solutions due to high absorption capacity. 

  

  

Keywords: magnetic nanoparticles, nickel, sand, Adsorption 
.  


