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ABSTRACT 

 

Background and Objectives: Aniline is a toxic compound characterized by high solubility in water 

(3.5 percent; 35000 mg/L) leading to increased presence risk of aniline in wastewater. The presence of 

this compound in the blood causes the formation of met hemoglobin and prevent oxygen uptake and 

plays a key role in chemical asphyxiation, moreover, it has been thought as a carcinogenic risk factor 

to humans. Therefore, this study aims to synthesizes chitosan graphene oxide and determine the 

usefulness of using this absorbent to remove aniline from aqueous solutions. 
Methods: Chitosan Graphene Oxide (CGO) which was prepared from graphite powder by adapting 

the procedure used by Hummer, doped with chitosan and the characterization of CGO were 

determined by Scanning Electron Microscope (SEM), Fourier Transform Infrared Spectroscopy 

(FTIR) and X-ray Powder Diffraction (XRD). To optimize the conditions, parameters including 

adsorbent dosage (0.2, 0.4, 0.6, 0.8, 1, 1.25 and 1.5 g/L), pH (2, 4, 6, 8, 10), contact time (5, 15, 30, 45, 

60, 90, 120 min) and aniline concentrations (50, 100, 150, 200 and 300 mg/L) were evaluated in a total 

of 126 tests. Finally Chitosan Graphene Oxide was used for aniline removal from aqueous solutions. 

Results: The results of present study showed that with increase in contact time and absorbent dosage 

and with decrease in aniline concentration, removal efficiency tend to increase. PH=6, time=30 min, 

absorbent dose=1 g/L and concentration of aniline=50 mg/L were obtained as optimum conditions. 

Under optimum condition (pH=6, time=30 min, absorbent dose=1 g/L and concentration of 

aniline=50 mg/L) the highest efficiency of aniline removal is %93.14. The adsorption isotherm 

showed that absorption process correlates well with Langmuir adsorption isotherm (R2>0.9996). 
Reaction kinetics complies with Pseudo-second order model with correlation coefficient of 

(R2=0.9799). In the study of thermodynamics, negative values of ∆H° and ∆G° respectively illustrate 

that reactions are exothermic and spontaneous.  
Conclusion: chitosan graphene oxide composite has the ability to remove aniline effectively from 

aqueous solutions. And also it can be used as an efficient adsorbent for related aqueous solutions. 
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/5� ��:� !%@&�A�  

��'�� R���� }�'�� �,���- ���,  ��2�  sp2�  �2I�D �2F �

|�'[� 7� }�'�� �%�1 #)$�.     ��2I�� 12� �#2b�A VF(Z! �

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.6

.2
.1

33
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
25

-0
6-

08
 ]

 

                             4 / 16

http://dx.doi.org/10.29252/jehe.6.2.133
https://jehe.abzums.ac.ir/article-1-609-en.html


��	<�� 	��' <�?U��'<� '��	�?� *>	(F-��'	<
 �0 WS4 +,���* �	 �?����G 5�, 

136    �    ����� ���� ! "#�$ � �%��  &�'�(1397 ،  +�,� �-.� /#2        

��    ���22:% �#22) 12�3��� ?22���� ( �'��22<� OQ2S ��22$�! R#2'

�I�D.�$#) 1��% � ���$ O, 7� -����, ��F ��S I�%�J pH 

1��:��F 7� ���� F�(�� #��$. ( F�E�(���� ��$J 1/0 �5�� 

��;'�� �� .sp� 1� ��I�� ����� ��7,$V�F ���@�  2B[
� �

7� Of�S  '�� ��� 1�  -20��  (�2A �100  2�� 2� � 12��:�  �2� 

�I�D ~[
� 1U�b� #)$� ( (� � 2��#�  �2� �( rpm 200 

JF �7 ��. sp� � "��7�F �G%��- ��� 7� -0�� (� ���#� 

1��:� 1'��#� �� ( �� #'���$h�; k�8 #)$� .��$9 k�8��� 

(� �$��S V��� �,���- <��� ��2���  1'2��#�  �2� (  �2��% 

HPLC 0��,�  #)$�.  � �$-  12G0�N�  12�  ��2I�� ��� 12� 7�2� �

�F��'��U �#��� #� ,#U$ �2�  �OQ2S  ��2%�# #F 2$. 7�  �2F��'��U 

 ?��2� pH )10-2(� 7  Of�2S )g/l 5/1-2/0(�  �2I�D 0(� 2�1 

)mg/l 300-50 (( �� )˚C 50-20 (��� 1G0�N� ��#< �U#). 

� �$- 1G0�N� ���1� 7��$ �. �#'����! �� ���� 1	� -'�� @��1 

�F#'����! ��#� ��� .��7,$4�
 �� ( ��� ��#�% ����� #) 2$� .

� �!$"� �#� �1M���� ��"�  �,���- OQS ��� #� (� �Of�S 

)qe (( G%��- �8� �,���- kQA ��� ���% ��"�7�'  -U�#2) 

�E��$� 7� 45�G� 7$# ��;'�� #)$�:  

1N��� )1(                     

1N��� )2  (   

                                  

� 45�22G� l�22U R �228� kQ22A �,�22���- 0C )mg/l (

�I�D 0(� 2�1 �,� 2���- eC  )mg/l(  �2I�D �,� 2��-  <�2� � ��2��� 

�R����� qt )mg/g(  ���@� �,���- OQS ��� ���%  Of�2S 

� "��7 t� qe )mg/g (���@� �,���- OQS ��� ���%  Of�2S 

� �0�A �R�G% V )l (J�A �R����  M)g (7 Of�S ���.  

  

�%����   

B
CD�8� EF�: 9�;< 4�G )CGO( 

($)Z��F ��N� �-U�#)  �2E��$� ( 7�p��� 2$� �� "�7�2' 

-U�#) �E��$� ��  ��;'2�� 7� �� ���2�(#�  2�(#'�0� � 2
�(� �

(SEM) � ?�� )1 ( 2 ("�
� ��  ��2�  �2�� . (�2B%$#  12� 

�� ��,� "�
� � 1� -U�#) �E��$� ��� ��N� �5$15 2$1 

( �(#z��� ������ ( 7�p��� 2$� �� "�7�2'  -U�#2)  �2E��$� 7� 

?[�[%  /2���� ( 7�% 2$9  ��'M2E� $ '3��2�� ��  ��2:% � nN2� 

����3#� ��� .?�� 3 0��,�  XRD 7�p���$� ��"�7�' -U�#) 

 �2E��$� ��  �2�  ��;'2�� 7�  �2%#! Cu Kα �  �(�2�� (�7 2$1� �

100-2  =θ2 "�
� ���F .0��,�  XRD  2$. ! 2�. � 3/20 =

θ2 "�
� � 1� ��� �7�  ��'3�2�  JI���2� �� "�7�2'  2�� �2��� .

�H:F�- � 0��,�  XRD !�. 2/21 =θ2 ��  ��F�
�  �2�  12� 

v��#� 1� ��"�7�' -U�#) �E��$� ������.  
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                             H2G1 : #$�B%SEM  �$�E�� -U�#)(GO)                                        H2G2 : #$�B%SEM  �$�E�� -U�#) "�7�'��(CGO)  
  

  

  

K�| ��2� �(FTIR) �� �"�7�2'  -U�#2)  �2E��$7�p�����$� 

��"�7�' -U�#) �E��$� � ?�� 4 1���� ��� ��� .�  2���� �

FTIR -U�#) �E��$� !�. �2F �1-cm2173� 1-cm1574 ( -cm

182/1211 1� %#%�/ v��#� 1� C=O �(#)  2E���#���? !� �2�� 

C=C ( C-O ������ .#F 1� !�. � �@�$1E  �2�  2����� �2F �

��F�
� ��� �  0�2�,�  FTIR �� "�7�2'  -U�#2)  �2E��$� \% 2��# 

$1'U���� 1� ��� �7� ���� "�� F�"h(�� ��- ��"�7�' (  -U�#2) 

�E��$� ������ .�H:F�- � ���� �FTIR ��"�7�' !�. 1659 

v�22�#� 122� C=O � NHCO- - 22���22��� .� 22���� �FTIR 

7�p���$� ��"�7�'  -U�#2)  �2E��$� ! 2�. �2F � �(�2�� )-cm

13400-3300 (v��#� 1� �(#) OH ( !�.1-cm 1634 v��#� 

1� !���� C=C ������.  

  

�J�pH �
���  

��%�# pH R���� (� �OQS �,���- ���% Of�S ��7�'"� 

-U�#) �E��$� ��#� �#) 2$��  �2'�$q �  ���2:� 1  "�2
� �� 

��� ��� .�'�$q "�
� � 1� "������ kQA �,���- �� � U�$V 

pH 7� 2 �% 6 � U�$V $1'U� ( �G� 7� 6 VF�� $ 12'U�  �2�� .� 

1G0�N� �#b�A ��#'
$- "������ kQA � 6 pH= ��F�
� ��.  

  

  
H2G 3: 0��,�  XRD 7�p���$� ��7�'"� -U�#) �E��$�  
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H2G 4: FTIR  ���"�7�' -U�#) �E��$� ( 7�p���$� -U�#) �E��$�  

 

  

  

�J� ���� L�M#  

1��	��:F 1� �  ���2:� 2  ��F�2
�  2� � ��2�  #2��  "�2�7 

��:% OQS#� �,���- ���% Of�S � �I�D 50 �����#) #� 

0��#' 6=pH� 7 Of�S 2/0 �#) #� 0� #2' ( �  "�2�7 �2F) �5-

15-30-45-60-90-120 (<�122@ 22��#� �#)22$� .VF(Z22! 

#b�A "�
� � 1� "������ kQA �,���- ���% Of�S  �2% 30 

<�1@ � U�$V �$ ���� ( sp� � U�$V kQA 1� ��%$q �� � 

( � "��7 120 <�1@ 1� R�G% ����.  

  

JN#�� O�P &5��% ������ 

���:� 3 #��  �2I�D 0(� 2�1 �,� 2��- ��  #2�  "���2���  kQ2A  

�,���- ���% Of�S ��"�7�' -U�#)  �2E��$�  "�2
� ��  �2�� .

�$- 1G0�N� "�
� � 1� �� � U�$V �I�D �,���- 7� 50  �2% 300 

��� ��#) #� 0�#'  "���2���  kQ2A  �2�  � 2U�$V  �2I�D 5,$ ��2� 

VF�� ��$��� ( ��#'
$- "������ kQA �  �2I�D 50  �� 2� �

�#) #� 0����#'.  

  

  
  

  
  

���
M� 1: ��%�# pH R���� (� �OQS )�I�D 50 ��� ��#) #� 0��#' 7 Of�S 2/0 �#) #� 0�#'( 

  

  
(�����) ���� 

 	���

��� 
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���
M� 2: ��%�# "��7 ��:% (� �OQS )6=pH� �I�D 50 ��� ��#) #� 0��#' 7 Of�S 2/0 �#) #� 0�#'( 

  

 
���
M� 3: ��%�# �I�D 0(��1 �,���- #� �8� kQA �,���- )6=pH� 7 Of�S 2/0 �#) #� 0��#' "��7 30 <�1@(  

  
���
M� 4: ��%�# "��7 ��:% (� �OQS )6=pH� �I�D 50 ���� �#) #� 0���#' 7 Of�S 2/0 �#) #� 0�#'(  

  

  

JN#�� �5� EF�:  

��N��:F 1� � ���:� 4 F�
���  2� � ��2�  2��#� � #2�� 

� U�$V 7( Of�S #� (� �,#U$�� OQS �,���-  "�2
� �  12� 

�� � U�$V 7 Of�S 7� 2/0 �% 5/1 �#) #� 0�#' "������  kQ2A 

�,���- 7� R���� � U�$V ��$��� ( � '��1� �� #'2
$-  "���2��� 

kQA � 7 Of�S 5/1 �#) #� 0�#' ��F�
� ��.  

 

��Q�#59 5 <��;�R E�: ������ �� ��G�S 6��%;  

$� �7� �F#'����! �J�� � A�#K � OQ2S �$ �#2%(   �2F �

0�G% �������� .� �$- 1G0�N� ��S 8�%�| �#�% ��� �2F 

�$�#%(  :	�5�# ( 0��(#U�w 1� ��� 1'U#) �� .�$�#%(  :	�5�# 

�� r�N� Of�S -	:F �� h#�� ����� ( �$ �#2%(   0�2�#U�w  �2� 

���� 	�� 
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r�N22� -	:F�22� ( 7�%22$9 D�#$�223���� ���'22�� 22����22��� .

45�G� �$�#%(  :	�5�# ( 0��(#U�w � R(�S 2 ��F�
� � �

��#). � �$- 1�A#� \%��# �I�D �,���- )50 �% 300 �����#) 

#� 0�#' (�� ���� 1	� -'�� #'����!  "�2�7  R�2G% )120 <� 12@(� 

pH )6 (( 7 Of�S )2/0 �#) #� 0�#' (��#� �#) 2$� . �2'�$q 

1� �� ���, /EA#� R���F ��$�#%(  :	�5 2�# (  0�2�(#U�w 

� ���:� 5 ( 6 7��$�� �#)$���.  

  

  

�5�: 2: 45�G� �$�#%(  0��(#U�w ( :	�5�#   21   

��*�4�5  ��(���6  ���-
�  	0��� �07 

0��(#U�t Kf=exp(intercept)  
1-n=(slope) 

Lnqe VS LnCe  ) LnCe1-Lnqe=LnKf + (n  
 

�:	�5$# 
1-qm=(intercept)  

Kl= intercept/slope 
1/qe VS 1/Ce   

  

  
���
M� 5: �$�#%(  OQS  R�2�  0�2�(#U�w  �#2� � OQ2S �,� 2��-  �2��% 

��"�7�'    

  

����� ��	���  

$� �7� �F#'����! �J�� � �$�#%(  :	�5�# RL  2�� �2��� 

1� ����% �$Of�S � 7����S �5,$��� �� "�
�  2�� �2F ( 7� 

1N��� 7$# 1M���� ��#):  

 1N���)3(                

 

#22)� RL<1<0 �22��� OQ22S �O�22�N� #22)� RL>1 �22��� 

OQS �O��N��� #)� RL=1 ���� OQS N3 �(  #2)� RL=0 

���� OQS D� ?2��<# �2
)#�  2�� �2���  6 ,21  . �2'�$q  12G0�N� 

#b�A "�
� �  12� RL  #2':� 7� 1  �2�� (  �#��2��$-  OQ2S 

�,���- ���% Of�S ��"�7�' �#) -U �E��$� O��N� ������  

  

  
���
M� 6: �$�#%(   OQ2S  �2�R  �2:	�5$#  �#2� � OQ2S �,� 2��-  �2��% 

��"�7�' -U�#) �E��$� 

  

��S 7��$�� � #2��:�  Of�2S ( ����� J2E  OQ2S 7� ( 

R�� ��'��. 1S� R(� ( �( ��;'�� �� .� R(�S 4  R�2� 

�F �'���� �( 0�G% ���� ��;'�� �#� �OQS �,� 2��-  12���� 

��� ��� .� �$- R(�S ) (mg/g qt ( qe ���@� ���  OQ2S 

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.6

.2
.1

33
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
25

-0
6-

08
 ]

 

                             9 / 16

http://dx.doi.org/10.29252/jehe.6.2.133
https://jehe.abzums.ac.ir/article-1-609-en.html


�	��I G E �a�0	�, � N�> 

          ���� ���� ! "#�$ � �%��،  &�'�(1397 +�,� �-.� /# �2    �    141 

��� 1� �7� �#F �#) Of�S 1� %#% 2�/ �  "�2�7 t ( �  "�2�7 

R�G% ������� .1k ���� ��'��. 1M%#� R(� (1/min)� k2 ���� 

��'��. 1M%#� �( (1/min)� ���@� U#e��  OQ2S  %�M2���� �

cal qe� 7� J�� ���:� ln (qe-qt) � ?��@� t G%��-  2�� �2� .

���:� 7 R�� '���.  12S� R(� ( �( �� �  �#U$ �2�  OQ2S 

�,���- ���% Of�S ��"�7�' -U�#) �E��$� "�
� � � �2F  12� 

��#'
 7� R�� 1M� ��'��. 1S� �( !�(# ����:�$� .1N��� �

��'��. 1S� �( #� �!$1 �U#e�� OQS �� ��2���  �#��2��$- 

� �$- 1G0�N� �#U$��  �OQS 1'E��( 1� �I�D  OQ2S  ����2� 

���  22 .  
  

�5�: 3: �F#'����! ��$�#%(  OQS �,���- ���% Of�S ��"�7�' -U�#) �E��$�  

89+  ��(���6  *�4�5��  

90/0  

16/0  

1 

2R  

1/n 
Kf 

t�0��(#U 

9996/0  

015/0 -088/0  

88/94  

2R  
RL 
qm 

#�:	�5  

�5�: 5: �F#'����! ���'��� ��#U$�� OQS �,���- ���% CGO  

3:( ! �� � 89+ ;:�-�  

1M� 1S� R(�  

qe, cal (mg/g)  5/62 

2R  5665/0  

1K  0046/0 

1M� 1S� �(  

qe, cal (mg/g)  80/57 

2R  9799/0  

2K 00098/0  

qe .exp = 66/49  

 

  

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.6

.2
.1

33
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
25

-0
6-

08
 ]

 

                            10 / 16

http://dx.doi.org/10.29252/jehe.6.2.133
https://jehe.abzums.ac.ir/article-1-609-en.html


��	<�� 	��' <�?U��'<� '��	�?� *>	(F-��'	<
 �0 WS4 +,���* �	 �?����G 5�, 

142    �    ����� ���� ! "#�$ � �%��  &�'�(1397 ،  +�,� �-.� /#2        

    
 

���
M� 7:  �( ( R(� 1S� 1M� .�'��� R��OQS �,���- ���% Of�S ��"�7�' -U�#) �E��$�  

  

�
��#���;�R E�: ������ �� ��G�S 6��%;  

#�� �� #�  OQ2S �,� 2��-  �2��%  Of�2S �� "�7�2'  -U�#2) 

�E��$� � �#�$� ���1� ��#� �#)$� .� �$-  12G0�N�  �2@�$# 

p0�'�, �∆H ;�� �( !(#'�, ������'�� ∆S  �2MW�  h#2��( ��7, 

�����'�� ;�� �?8�A #)$� .�F#'����! ���#%$����. U�#$ �2� 

OQS �,���- � R(�S 6 1���� ��� ���.  

  

�5�: 6: �F#'����! ���#%$����. �#U$�� OQS �,���- ���% CGO  

��(���6  �(�)ko(  ∆G 
(KJ/mol) 

∆H  
(KJ/mol)  

∆S 
(KJ/molk)  

1  293  35406/6-  034/38-  15/0  

2  303  55489/9-  

3  323  7487/12-  

�5�:7 :A� Of�S �� -����, kQA �$���� 7� ��;'�� �� ��� ��HCL  (NaOH  �6pH=  "��7 (30 1@�<  

	�<�(   89+�� :=��HCL  89+�� :=��NaOH 

1  25/84  25/41  

2  86/75  31/33  

3  25/68  10/27  

4  45 /57  72/25  

5  99/55  27/23  

  

E�: U����  

R(�S7  ��;'�� �� ��� ��A� Of�S �� -����, kQA �$����

 7�HCL  (NaOH  �6pH=  "��7 (30     �2� "�2
� �� 12@�<

       -�2���, kQ2A �28� 12� � "�2
� Of�2S ��A� q$�'� ..�F

    7� �2G� �$�2E�� -U�#2) "�7�'�� Of�S ���%5    �2�A� 12�A#�

  �2��% Of�SHCL 7� 25/84  12�99/54     �2� VF�2� �28�

�U�$ (  ��#�NaOH  7�25/41  1�27/23     �2� VF�2� �28�

 ����% �� l�U Of�S �%��M� 1�. ���$5     �2�$,#U �2��% 12M%#�
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�5�� "������ �� ��A� 55 .#�) ��#< ��� ��;'�� ��� �8�  
  

V��  

5��W ��  !EF�:  

� |22�K q$�22' ���22�(FTIR)  ��$�22E�� -U�#22) �"�7�22'��

1���� ?�� � �$�E�� -U�#) "�7�'�� �$7�p��� 4   .�2�� ���

 122G0�N� �Justin   ��22F s��22�#U V����22�:F (cm-11727 

 1� v��#�OC=  (1-cm1628 1� v��#�C=C �$�E�� -U�#)� 

    ��2F s��2�#U -�2�H:F ��2�� ��� �� �ME�1-cm 1530 (

1540  �(#) 1� v��#�C=O  �NHCO- -  j�� ) "�7�'�� �

��� ��� 23   .�� ����[:F #b�A VF(Z! q$�'� �� 1� ?��

3   �0��,XRD    ��;'2�� �2� �� �$�E�� -U�#) "�7�'�� �$7�p���

 �22%#! 7�Cu Kα 122$(�7 �(�22�� � ��100-2  =θ2  "�22
�

�� .�FJustin     ��2F s��2�#U �23 1G0�N� � V�����:F (

11 =θ2  (20 =θ2  �2�� �ME� "�7�'�� 1� �� 23  .  -�2�p:F �

 1G0�N�Kumar  s���#U "����:F (18/21 =θ2    12� 12� v��#�

���� �� �$�E�� -U�#) "�7�'��  20 .  

  

�J�pH �
���  

$� �7� !�F#'���� �J�� � ,#U$ �2�  OQ2S pH  2�� �2��� .

���:�1 "�
� � ��F 1� "������ kQA � pH ���� �#%5�� 

7� pH �<�� �$��� ( ��#'
$-  "���2���  kQ2A � 6=pH  2��

���� .��� VF�� "������ kQA � pH �F ���#'
  12� 0 2�? 

���<� ��- $"��F �-OH ( R��0���F ��� ��� ;�� ��,���-  2��

����  24  .��(���� ( "����:F ��#'
$- "������  kQ2A �,� 2��- 

���% ��f���� -�#� R�GU ��	� ��� �� � 5/6=pH  j�� 2) 

���:� . 25  . 1� �
F(Z! �kriztina     �2��#� 12� "���2�:F (

 -�� v�M%��pH  R�GU -�#� ���% R��U ( -����, OQS "� �� (

���'3�#!6 =pH  ���:� j�� ) 1���� "���� 1� �� 26 
. Tang  

 "����:F (5/6=pH  "���� 1� ��pH    -�2���, kQA ��#� 1����

���:� j�� ) R�GU -�#� R���#) ���% 27 
.   

  

�J� ���� L�M#  

1��	��:F 1� ���:� 2 "�
� ��  ��2�  �2��  �2�  �2�Q) 

"��7 "������ kQA �% <�1@ 30 � U�$V ��$ �2�� (  sp2�  12� 

0�? �
%�?  2$. 5 2$1 7� �,� 2��- (� � nN2�  Of�2S  kQ2A 

���� �4��8 ���U#) ( �G� 7� 120<�1@  12�  �20�A  R�2G% 

� ���� . R�2G% 1N@� 1� "���� ( OQS ��U#e "�� ���� . 

 7� #'
�� ��F "��7 �30      "�2� #2! 7� �2��� �2���% �� 1@�<

    �2�U#e "�2� ?2��� �$ ( Of�S nN� �(� R�GU ��F "���

      "� 2�� ��2:% "�2�7 V$� 2U� �2� #	$ �%��M� 1� .���� OQS

 �0�3 R�GU ��F "��� 1� ����� OQS ��� ��F "�$ ��#'�

   L�M2�� �2F "��� -$� �$��� � ( ��� #':� Of�S nN� �(�

.��� �� R�G% 1N@� 1� ��$�#U ( ���  Huang (  "���2�:F � 

@�%�P kQA �,���- ( $"� �(#� ���% 7�p���$� -�#�  R�2GU 

/��"�7�' "��7 R�G% 120 <�1@ �� j�� ) ���:� )17(.  

  

�J� O�P �  !X��Y� ������  

 ���:� � �I�D #�� q$�'�4      �2I�D V$� 2U� �2� � "�2
�

A "������ Of�S 1�0(�    V$� 2U� OQ2S �2�U#e ( VF�� kQ

  Of�2S 1� ��� -$� #	���� -����, �I�D #���% .��� �#� ���!

  � 12� ���� �� �(��� ( ~[
� OQS ��F "��� ����

       nN2� �(� �#'2
�� OQ2S ��2F "�2�� �-�$�2! ��F �I�D

      12� -�2���, 12� �2� �2� /S�� ( �EF �#'� � Of�S

� ����$ V$� U� kQA "������ ( OQS ��#��I�D � �� ��F

V$� U� �� �#%5��     ��#2� 12� �Of�2S �(� ����� OQS ���

      ( ��2� L�M2�� Of�2S �(� �$5�2� r�N2� OQS ��F "���

���$ �� VF�� Of�S � ��� kQA "������ 6  q$�'� -��H:F .

 7� -����, �I�D V$� U� �� 1� � "�
�50  �%300    �#2) �2���

7� OQS ��U#e #'�0 #�25/121   12�255      �#2) #2� �#2) �2���

.��� 1'U�$ V$� U�       �2� Of�2S OQ2S �2�U#e V$� 2U� ���

    ( Of�2S -�2� ��2:% V$� U� ��� 1� 5�:'A� �I�D V$� U�
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��	<�� 	��' <�?U��'<� '��	�?� *>	(F-��'	<
 �0 WS4 +,���* �	 �?����G 5�, 

144    �    ����� ���� ! "#�$ � �%��  &�'�(1397 ،  +�,� �-.� /#2        

���� �� ����� OQS 28       V$� 2U� T2��� 12� �#2	$ ?2��� .

 R�@'�� �(#�� V$� U� ��� �� �I�D V$� U� �� OQS ��U#e

     �2
��� �(#2�� �2�$� ( OQ2S #��#� � (#�� -$� 1M�D ( �#S

  }#'2
� nN� 1� 9$�� 7�U 7� ���$5, R�@'�� ��S ��S�% ?��<

 Of�S– �� �� 9$�� 29  .���(���� 1G0�N� � "����:F ( ��

     �2��% 9$��28 O62b�U 7� O#2� ( -����, kQA ���#� 1�

 �$7�p���Fe3O4/PAC   7� ���2A P�@�% -$� q$�'� .��'3�#!

    7� 12�0(� �2I�D V$� 2U� �� �� ",50   12�300  mg/l  �F7�2�

 7� kQ22A3/94  122�6/85 �22� VF�22��22��$ 30  .Johani-Al   (

 -�22���, OQ22S .22�'��� ( .22����$��#% 122G0�N� � "���22�:F

     V$� 2U� 12� ����2�� 12��'� -$� 1� -�#� ��F 10�0���� ���%

7� -����, �I�D10  �%100       Of�2S 7( �2� #2'�0#� �#2) �2���

 T��� ����� 7� kQA "������ VF��64  1� �8�36   �28�

�� ��  24 .  

  

�5��J� EF�:  

� �22��#� 7� ?228�A q$�22'� � 122� � "�22
� #'����22! -22$

�I�D 1�0(� ��F50   7� Of�2S 7( V$� U� �� #'�0 #� �#) ����

2/0  �%5/1 7� -����, OQS "� �� �#'�0 #� �#) 5/48  1�20/97 

   �20�A -2$� � kQA �F7�� V$� U� .���$ �� V$� U� �8�

?�0��    -�2� ��2$7 4(�;% �OQS ��F "��� �$7 ��G% �S(

QS ��� �I�D    Of�2S nN2� ( R�2��� � �S�� ����� O

 ?A�#� � OQS V$� U� /M� �I�D 4(�;% -$� .�� �S(

#) �� OQS 1�0(�   ( Of�2S nN2� �Of�S 7( V$� U� �� .

"���       V$� 2U� ����2� OQ2S ��2� �2�#'� ?2��< R�GU ��F

���� ���$5, VF�� T��� #�� -$� ( ��     12� 12S�% �2� .�2�

"������ V$� U� 1��$�   Of�2S 7( -�� -����, kQA1   �2%5/1 

  7( ��2��� �� J� #'�0#� �#)1       7( "��2�� 12� #2'�0 #2� �#2)

  �"���2�:F ( ���� ���:A� 1G0�N� � .�� O�['�� 1���� Of�S

      �2� ��2� r628� R�2GU -�#2� ( ����% -�#� #���% ���#� �

R���� 7� -����, kQA � ������, �$�#��  "�2
� q$�'� ��, ��F

 ���� V$� U� kQA "������ �Of�S 7( V$� U� �� ���$ 31  .

Hung    �22��% �(#22� "�22$ ( -�22���, kQ22A � "���22�:F (

      �2� 12� ����2�� 12��'� -2$� 1� "�7�'�� /R�GU -�#� �$7�p���

  7� Of�2S 7( V$� U�2   �2%10      �2I�D � #2'�0 #2� �#2)50 

����    "�2�7 �#2'�0 #2� �#)40    � ( "���2��� 12@�<pH   �2G�MK

���$ �� V$� U� kQA "������  15 .  

  

��Q�#59 5 <��;�R E�: ������  

      �#2%( $� �OQ2S �#2%( $� -�2�G% ��S#2b�A 1G0�N� �

 �22��#� .�22�'U#) ��#22< ��;'22�� ��22� t�0�22�(#U ( #$�22:	�5

 �122���� 7( � �#22%( $�pH   4��228 122���� ��22:% "�22�7 (

   (#2�:	�5 R�2� ��F �#%( $� ���#� 7� ?8�A q$�'� .�U#$Q!

���:� � t�0��(#U5  (6  �2� ��F�
� ��2�   "�2� /2���'� .�

     ��#2< 4(�2Y< ��2� �	'2EM:F /$#b ���#� ��  �� �#%( $�

�� "�
� Of�S ��#� "���#)� /$#b .�U#)  OQ2S 1� �F

  �2�GM% #�:	�5 �#%( $� 7� �$�E�� -U�#) "�7�'�� ���% -����,

��?�� � -$�#���� .���    4��28 OQ2S �28�3 -	:F ��F

��   12$5 .2% ��N2� OQS .$ ( #�) �2� �� �� �2F 32 . 

#'����! ���@�088/0-015/0 RL=  �2�    OQ2S -$�#��2�� ��2���

 VF(Z! q$�'� .��� O��N�Ruihua   �2�#� "�
� "����:F (

      -�#2� �2$7�p��� �2��% �(#2� "�2$ ( -����, "�� :F kQA

�22� �22�GM%#�:	�5 R�22� 7� "�7�22'�� / R�22GU �22�� 15  .iRu  (

 R�2��� 7� -����, kQA 1� ��#� j�� ) "����:F   �2�, ��2F

  �2$7�p��� ���%GO/P0lypyrror     �(#2�! #2�:	�5 R�2� 7�

����� 32 
.  Fakhri       -U�#2) �2��% -�2���, OQ2S �2��#� �

     �2�$�#U 12� ����2�� 12��'� -$� 1� ��, ��F R���� 7� �$�E��

 $� 7� OQS�$�:� �� ��GM% #$�:	�5 �#%( 33   -$� q$�'� �� 1�

.�� ����3 JF 1G0�N�     OQ2S �2�$�#U ��#2� ���#� ��S

  �2�� ��$#) ���
�! ���'��� R�� ��$7 ��G% 34   -2$� � .

 1G0�N�R�� -$#%#����#! 7� ��� ( ��F ���'���  R�2� ��G$

      12'U#) ��#2< �2��#� ��2� �( 12S� 1M� ( R(� 1S� 1M�
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 R�� .�����   ��#2� 12� �F �� "�
� �( 1S� 1M� .�'�

    �2�U#e ( �2� �2� R#'�� �$��:�� 46B%� P$#K 7� OQS

  R�2� .���� �� Of�S ��� R�GU ��F �$�� �� /���'� OQS

1M� .�'���    �F�2���! 12� ��� #�� -$� ���F "�
� R(� 1S�

     ( ��2�$5, -�2� 4(�2;'� ��2
U �$ ��I�D � V���( ��#� ��

 -$#%5�� 1� ��� ", 7� ���A q$�'� .�� �	'E� Of�S nN�

) �	'EM:F2R    .�2� �( 12S� 1M2� ���'��� R�� 1� v��#� (

 1� �
F(Z! q$�'�Yan   OQ2S #��:� ���#� � "����:F (

���, 1� � "�
� ��� ����� ��� ��	� -U�#)��E�� ���% -�

  �2� �2�GM% �( 1S� .�'��� 1M� R�� 7� OQS ��$�#U  �2��
 35 .       �2��% -�2���, OQ2S � "���2�:F ( ��2�(���� ���#�

 R�� 7� l�U OQS ��$,#U 1� � "�
� ��� ��	� R�GU -�#�

    �$��:�2� ��2F V�2��( ( �#� �(#�! �( 1S� 1M� .�'���

��'EF V���( ��#� ����� -��G% 30 
.    ( �#2��� �2
F(Z! �

   r628� �2���'�� ���% -����, 9U� 1E$�@� 1G0�N� 1� "����:F

   OQ2S �2�$,#U 1� � "�
� q$�'� .��'3�#! R�GU -�#� ( ���

    �2�GM% �( 12S� .�'��2� 1M� R�� 7� Of�S ( #F ���%

�:� ��  36 .  

  

�
��#���;�R E�: ������ �� ��G�S 6��%;  

QS ��#� #� OQS ��$,#U � �� #�� OQS "������ ( O

  �2� R���� ��� V$� U� �� OQS "������ V$� U� .��Q) ��

 Of�S ( ����� ��� -�� #��� ��F��3#� V$� U� ?�0�� ����%

 �2��� Of�S �� �(� #� �S�� QU��� �7���� V$� U� �$ ( 37  .

  -�2���, kQA "������ #� �� #���% ���#� ��S OQS 1G0�N�

     �$�2� � �(�2�� � �$�2E�� -U�#2) "�7�'�� Of�S ���%

293 �%323 ) 1���� Of�S 7( �$�#� � ( -$��� 1S�1  �#2)

)���$5, 1�0(� �I�D �(#'�0 #�50   �(#2'�0 #� �#) ����pH )6 ( (

)��:% "��730     R(�2S � �2S�� q$�2'� .�� ����� (1@�<6 

 �2� "�
�        �2;�� �2F�� 12:F � sM2�) �7, �h#2�� 12� �2F

��  �$�2E�� -U�#) "�7�'�� �(� #� -����, OQS -$�#���� .����

1��3�� ��3�$� 1� 1S�% �� .����   #$�2@� 12�H∆   7� #2':�

40  ��$�#U 1� �U#) 1��'� "��% �� ���� �� #'�0 #� R�� ����

    ���2@� "�2� �2;�� .��� ��� ��$ �U VF(Z! -$� � OQS

�� "�
� �p0�'�,     �2� �7�2�#) OQ2S �2�$�#U �2F .�2���   q$�2'�

 VF(Z!Fuqiang   �2��% -����, OQS ���#� � "����:F (

PMAA/SiO2 � �� 1� � "�
� 7� �� V$� U20   �2%70   12S�

���$ �� VF�� OQS ��U#e ( "������ �#	�'��� 12  .Hind  (

��$��#% ( .�'��� ��F R�� ���#� � "����:F   OQ2S .2��

      12� ����2�� 12��'� -2$� 12� �-�#� ��F 10�0���� ���% -����,

     12� V�2��( ( ��2� �7�2�#) l�U Of�S �(� #� -����, OQS

  �2� �2� ����� �3 1� �3 4��8 38  .Xie   � "���2�:F (

    -�#2� ��2F 120�0���� ���% -����, OQS .����$��#% 1G0�N�

     �� V�2��( "�2� ��2��� ��23 1��3 ( �7��#) ���� r68�

���:� j�� ) 39  .  

  

EF�: �� ��7� 4��Z�<� ����[ \�������Z#  

 R���� ( 7� 4�G0�N� #$�� ���#� P��N� VF(Z! -$� �

�$#������ J$����E�(���F ( .$�1/0    ��2�A� �2�S �5��

 .$��$#������ R���� � "�
� q$�'� .�� ��;'�� Of�S1/0 

     Of�2S �(� 7� -�2���, OQ2S�( �2�S �#'
�� �����< �5��

  122� �M22E� .$��22$#�� ��22�� #%5�22� OQ22S�( ?22�0 .�22��

    �2��% Of�2S nN2� "�� 1��%(#! ?�0 1� J$����E�(���F

�� �#���� 1� ����  12� VF(Z! � .���� �� OQS�( ��S �

Cechinel   R�22� � "���2�:F (2014  �22��#� 122� 122G0�N� �

   12��'� -2$� 1� ( ��'3�#! R�GU -�#�7� ��;'�� �� O#� OQS

�� �� Of�S nN� .$��$#��(���F���� 1� ������+H  1��%(#!

���� �� Of�S ��A� ��S j(� -$#% /���� (�$�:� �� 40  .

     -U�#2) "�7�2'�� �2$7�p��� 12� �U�$� "��% �� q$�'� -$� 7�
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