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Abstract  
The combination of magnetic nanoparticles with other adsorbents not only does not 
affect their magnetic properties, but also leads to the formation of adsorbents that 
improve the refining process. The aim of this study was synthesis of magnetic activated 
carbon by Fe3O4 and investigation of its efficiency in adsorption of Lead from aqueous 
solutions. Magnetic adsorbent prepared by the method of sequestration and physical 
characteristics and structure of synthesized absorbent were determined by XRD and 
TEM. To remove the Lead from aqueous solutions, the Box-Behnken design (BBD) of 
response surface methodology (RSM) was employed for optimizing all parameters 
affecting the adsorption process. The studied parameters were pH (5-9), temperature 
(25-45 ⁰C) and the amount of adsorbent (0.5-2 g). 15 experimental runs were calculated 
by using BBD. The optimal condition for removal of Lead by synthesis of magnetic 
activated carbon by Fe3O4 nanoparticles was pH=7, 450 ⁰C temperature and 2 g of 
adsorbent. Kinetic studies of the adsorption process specified the efficiency of the 
pseudo second-order kinetic model and showed the optimal time was 15 min, 
respectively. The maximum percentage of Lead removed after 90 min was 86.87%. The 
adsorption isotherm was well-fitted to Longmire model. The study showed that 
magnetic activated carbon has a high potential for  Lead removal. Therefore, it is 
believed that magnetized active carbon by keeping its physical and surface properties 
could be a suitable method to solve some related problems including separation and 
filtration. 
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Fig. 2. TEM images of adsorbent 
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 H��� "� '������ ��Y���Minitab17 ����?����� 01�#�"� '����  ���

"����2�
����&�-� �� � ��! �� ���V�^��$;Q ��	: ��9��@� �
#��a ��� H�� �Q��&��V �'�!�^��F���)A�2��	&���� '�!

01�# �S�� ���� 9���� ��Y��� ��q�� '��� ��
���);� ���
v���AR

t�� I��?�� E��O� IS�� �# ���);� �wZ���
� ��! ��5-����	 ����
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 zA�6���ANOVA >6��%� Q6�&A z0�!I �'� �I '� +)�.7 F�";

ZB3I 

���Q ��y&	@� wZ� � '�! �� �)���F� ^���V 2�A ��� &	��
 01# ��� ��� 5�)� '�!��� ��)���� ��� ���@� *��+ Y�	� ��)A
&8�a�	t� *
� ��8+� E��� '��� ��/� '�! �� ^���V *�	p;
 .

&7�8,;
R2���� 5��)� '�! Y�	� E���)��� �� ��� 01# ����
���j/k����� *�� �)� u�,��� �+ �)�&� ��/� �� ��Q)� ��� .��
�

 ���?� ��R2���# 5?�fy/ffI���D ���� ��� �E�����t� "� ��S��
2�A &	��.�	�8�� 

2�A �)���F� ����� X,a ���Q ���?� �
��t�� �O� �'�! &	��
(X3)(p=0.004) ���� �(p=0.032) (X2)I���?�� ��O� �X1*X1

(p=0.036) ��	�;a� '���P� �� ��z/k&	@� ��	: ��9��@� .�)�� ���
���$;Q ���� H�� ���Q�� '���! ���+ � H���� 5���)� '�����  ���� ��Y���� 

Minitab 17 01# ��� ��� �� '�! '��� ��/� ��" �� 
)f(

Y=74.63- X1 +5.69 X3 + 2.64 X2 – 4.84 X1*X1 -2.07 
X3*X3 –1.01 X2*X2 -0.12X1*X3 -1.18 X1*X2 -0.6 X3*X2

��'2�;q��� ��� &#��a–01# ��� *4	���� ��&8�a�	t� *
� ��8+� E��� )��� �� ��@� *��+ Y�	� ��)A 
Table 2. Box – Behnken model design for the removal of lead with synthesis of magnetic activated carbon by 

Fe3O4 nanoparticles 
The predicted 

removal 
percentage

Removal 
percentage 

Adsorbent 
value Temperature pH The experiment 

number 

74.6375.51.253571
74.6375.8 1.253572
69.2370.51.254593
66.3168.401.252594
62.9166.300.53555
75.2076.5022576
69.1067.800.54577
61.1661.200.53598
95.9664.701.252559
62.6260.50.525710
79.2781.40245711
74.5374.50235512
74.6372.591.2535713
72.2868.90235914
73.5871.501.2545515
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��'25;2�A �)���F� ^���V �� ��� 01# ��� '�! &	�� ��)A
&8�a�	t� *
� ��8+� E��� )��� �� ��@� *��+ Y�	� 

Table 3. Regression coefficients predicted for removal 
of lead with synthesis of magnetic activated carbon by 

Fe3O4 nanoparticles 

P-ValueCoefficientTerm
0.00074.63Constant 
0.427-1X1
0.0322.64X2
0.0045.69X3
0.036-4.84X1×X1
0.577-1.01X2×X2
0.280-2.07X3×X3
0.505 -1.18X2×X1
0.942-0.12X3×X1
0.729-0.60X3×X2

��� ��9��@� � '��! 6��Y�F �)���F� ^���V n��� �� �'����  ���
&�  ��F �L��� ��)��
��t�� �+ ��� ����Q ���?� �pH ��^����

 ��G;Q 01�# �� .����� ��� 01# ��Y�� �� �� ��ON� *���/��&��+
&	@� wZ� �� ������ ���D ������� &���-� ��� �9��@� ���" E�)�S
&� ���@� �)! 

)h(Y=74.63 +5.69 X3 + 2.64 X2 – 4.84 X1*X1

5;5;1;.T�pH 92 .I �#
L��

��O�� "� IS�# �����pH 01�# &������ ��� ��� ���/� �)$P� ��9��
 ��ON��  �P� �'�! Y�	� ���Q 5�)� ��� *�7	� Y$�pH �)�$P� 

&� ���D .���F I<!yI��?�� E��O� IS�� �# � v��A wZ� ���);� 

pH ������ �� '��! Y�	� E���)��� ���?� *�!�� �7�  ��O �� �� ��� �
hz/f�1�Q ��S�� �� H�F Y�$� ���� &�� ���/� .��
� ��	���� ��

��1QOH-�H+&PZ�� ���� ��� '�		� *��@� � �)�8� �)� ��
 .�	�8
2��Y�� �� ����� n��� �� pH  ��� ����� 01# ������� ���� �

pH  J	�&�	@&���@�j�Y�� ��2����� � 2
�� �� "� �@� �&���� .
I<! X,a *�	p;
g2��Y�� �� Y�� pH ���Q ���?� �� �������

) ��Oyz�Q��n)�8$��� ����� 01# ������� �(pH J	�&��	@&
���@�j���Y�2����� � 2
�� �� "� �@� �&����.

����?� ��pH �)� *�� ���� ^J� �
H+���� Y�$� �)� �
&� �)Q� ��  ��D� ���Q wZ� �� ����� 01# ��Y�� �L��� �� ����

 �� Y$�pH . �� M� *���A �
 �� ���-� E��,. ��pH �*����A ��

�)�  ,J� �
H+ ��� �� �� &������ � '���� �,$> �1Q �


�)����  ��� *�� �� �
 ^,�� � ����P� ���@��� ����� ��L��� �� ��

&� �1Q �S�� 2
�� .�)! �� ����� ��pH P� �� ��3���5$D��&�

 ��B$> ROH ���3�� I4��! I���9� ���� ����.);L� ����F ���

���
�I�8�� �)����� � '�
�/�&� � �)! ����Y 2
��� �1�Q
�&���� )Molazadeh et al., 2015(���� X,a *�����	� . �� ��� ���

'����pH ��� �	�-���� 2�A X,a ��� &	��j&�.�!�� 
�� ����4;
 � &;��D&/
�CA 5��)� ��� Y$� 01# ��)	. ��

�);� 6��YF �)-�  ��� '�� �����01�# �������� *����/�� ���
 �� ���pH �� ������ �� *�� ����� �� �� 2
�C�A I���� X���Z�

 ����)Ghasemi and Mafi Gholami, 2015(.

5;5;5;�92 .I ��� .T� 

��	���� &������ �� ��� �)�$P� ��� ��ON� &���� "� IS�# �����
 I4! �� ��� 01#~�o. �� '�! '��� ��/� 

��;
 &� '�
�/� �� �)a 2��Y��� ��.�� �)�$P� ��� 2��Y�� �)!
 ���� �1�Q ��Y�� '��!  ��� ��  �$. ����� 2
����")4�8���

!�� �)$P�&�Y�� "��2^�Q)� ��  �� ��� &�� �)�! �����Y ^�	Q
 ��/��� � 6)Q� ���� �)� �� �� ����L ��)���� ���)wZ�� ��� ��


�Y�� ���Q�2���� .
���/� ����� 2��Y��� ��� ^���	�� �1�Q 2��Y��� ���� *�	p;


 &���;��! 2	�+�� H��L�� =3��;�#� � ��)�� ��F���F '�	
� ��� �)�B	� 
'�	�3� 01# ��.2�A X,a ��� &	���^��	� ������ ^�8�

#�1Q �J���co�Q��  ���.�� �����4;
 � &�����D &�/
�CA ���
 5�)� H)����� � ��� E�Y$� 01# ��)	.8����a�	t� *���F�8&

���*$���*��� 2��Y�� �� ^��	�� �� Y$� �� �
 �1Q 2��Y�� ���� �
�);� 6��YF��*�� ����� �� ��2
�CA ���� X���Z�.(Ghorbani et 

al., 2018).

5;5;8;.(TUN�u�2 %� ��'<� 

I4�! �� ����Q "� ��ON� *��@� �@9�Z� ��
c�o'��! '��� ���/�
�� ����� �� �Q)� �� . �� "� ���Q ���?� 2��Y�� �� �'���  ��o/|

��m&�2��Y�� ��� 01# ��Y�� ����9 �� H�F �� �� ���� ����" I�9� 
'��7��Q ���@� ��)� 2��Y��� ��O� �� ����Q n����� �� ���@� ��


�?�&� �� �� ��� ��� *�� �� �!�� I���). � ����Q ���@� wZ�� I��9� 
4���	����� �	��� &��� 2��Y�� ��"� �
���� 2��Y�� � ��)��� ��Y��



��#��� 4 �1� � b�2��) +)��*... dx.doi.org/10.22093/wwj.2018.117362.2613 70

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 30, No. 2, 2019 

Fig. 3. Plot of response surface and contour between pH (X1) and temperature (X2) with the constant amount of 
nanoparticles (X3) in the middle of 1.25 for the removal of lead 

DB�5;I��?�� IS���# � wZ� v��A ���);�pH (X1)��� �(X2)'�! Y�	� E��� )��� ���?� *�!�� �7�  ��O ��(X3)����� ��hz/f01# ���

��� 

Fig. 4. Plot of response surface and contour between pH (X1) and amount of nanoparticles (X3) with constant 
temperature (X2) in the middle of 35 for the removal of lead 

 DB�8;I��?�� IS���# � wZ� v��A ���);�pH (X1)'�! Y�	� E��� )��� ���?� �(X3)��� �7�  ��O ��(X2)����� ��yz��� 01# ��� 

Fig. 5. Plot of response surface and contour between temperature (X2) and amount of nanoparticles (X3) with the 
constant pH (X1) in the middle of 7 for the removal of lead 

 DB�c;��� I��?�� IS���# � wZ� v��A ���);�(X2)'�! Y�	� E��� )��� ���?� �(X3) ��O �� �7�pH (X1)����� ��j01# ������ 
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. �� ���Q �� ������-���/�&5��)� )���� ��� � �����4;
 ���
���7�����/
�CA � ��������*�"�������	  ������� '������! 6��Y�����F 

)Babu et al., 2018 Choińska-Pulit et al., 2018, (
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+@(7�3|� Z"� '(@0� 
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 ��� ������ "� *��	p;
 .��)! �1Q &8�a�	t� u�,	���� '����  ���
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 �� &8�a�	t� *
� ��8+�lo� ����F E�)S ��� �?�D� �� �� "�
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�$#�� �� ��� 01# � '�)�� ]���� 2����"� ����� �� �+  �� �

&� ����� ��;+  .�� �� �1Q �� "� qA �� ���� *��� I��9� .�����
'��F ���@� 2	+�� ����� �� �+  �� ��<� � &$��. �
 �1�Q �


 ���<� *��� ���"  !1F �� �  �� '�)� ��/�� ���Q wZ� �� ��� ��

������� � '�! ��t!� ��� ��Y &�2
�+ �
 "� K� ��
 �� ��� .���� 

Fig. 6. Effect of different contact times on removal 
percentage of lead with synthesis of magnetic activated 
carbon by Fe3O4 nanoparticles in optimum conditions 
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Fig. 7. Effect of the quantity of different initial 
concentration on the capacity and removal percentage of 

lead in optimum conditions 
D`�[; B$> ���?� ��ON� �1Q �S�� �  ���b �� E����� ��9�� �
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'����	�3���?����8� ����Z��� ���� �1���Q  ������b 2��Y����� ����� &; 

)Sharma et al., 2018(
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� ���� H���L�� �� H"3��� .���� ��������  
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 � ����Q ��� '��)! �1Q '��� 2	��� ������?� "�
 �);� '������ ���Q ������)Ganesan et al., 2013(.

5;5;[;*;N�J6� .(�hAV M. 

��� ���;7�3 ��9��@� &�Z� I4! ���" E�)�S  ��� .(Saki et al., 
2013) 
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&� ���@� ��" I4! �� �� �)! .(Gupta and Babu, 2009) 

)o(
CK1

1=R
o1

L ×+

RL�)�$Z� �1Q ��� . �� H���Y�� e)� �7����l< RL<|���� �
�)$Z��� �1QlRL>&Z� �1Q ��� �lRL=���> �1Q ��� �
 ��/F�� I���D ��1��A|RL= ����)Bayramoglu et al., 2009(.
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Table 4. Results of Langmuir isotherm calculations 

R2RLK1qmEquation line

0.9908 0.235 0.161 11.709 Y=0.5272 X –
0.0854
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al., 2014).
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�F�l/n>l�)$Z���� �1Q  �@V� �!��  ���.(Kumar et al., 

2012).
��������� "� I�S�# �&��9������ H����Y�����Q �� �o'����

 ���?� �� �Q)� �� ��  ��/nl�����)$Z� �1Q �	 8�� � ����7��
,Z� H�.��� X��� �� �1Q �	�9����� H���Y��. �� 

��'2 K;��9����� H���Y�� E�,��P� ����� 
Table 5. Results of Freundlich isotherm calculations 

R21/nKFEquation line
0.9737 1.3992.218Y=1.399 X + 0.346 
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Table 6. Kinetic results of the first-degree adsorption 

R2qe
(experiment)

qe
(calculated)K1Equation line

0.96888.687 0.8825 0.0238Y=-0.0117 X 
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Table 7. Kinetic results of the second-degree adsorption 

R2qe
(experiment)

qe
(calculated)K2

Equation 
line

18.687 8.673 0.0984 
Y=0.1153 

X +
0.1351
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