
Arc
hive

 of
 S

ID

-��3D#���TD......��-���6T� ��#��� dx.doi.org/10.22093/wwj.2017.45407 

39����� � �� �������������	
�������

"���F��	-�F�����'-��"���G)*�!��HH2O2/ZnO 9:( ��
�� F��I)�<��3"�G)'-	 �� ����	�J� F

7!��� e&�
u�v�A�&��� ��	�;��L �f�����
 Bw��ub��
.����
 x%��2+ �f=

E>-���� �'�� `��'��TD-���� ������%  .&�B� /'���3D./'���3 7�Z���  .&�B� /'���3 
Z'I% 2�Y 7�)��� D. �T��' . �T��' ���#� 

L>-���� ��# �,-�D-���� ������%  .&�B� /'���3D./'���3 7�Z���  .&�B� /'���3 
Z'I% 2�Y 7�)��� D. �T��' . �T��' ���#� 

(456� 7��6#�)____OLNN)O_a(ali2fadae@yahoo.com 
_>��# �,-�-����D-���� ������%  .&�B� /'���3D./'���3 7�Z���  .&�B� /'���3 

Z'I% 2�Y 7�)��� D. �T��' . �T��' ���#� 
b>-���� �'�� `��'��TD#	��  �����@ �����B� IT�� �����T .&�B� /'���3D!�- 	D!Z!�D

Z'I% 2�Y 7�)��� D �T��' . �T��' 

	
���)��/��/���������/�/��(

����� 
��"� 9��&�!X��1�'5��&�
�1��*�5 ��n��7�B��U�&75 >7��� �1�� H4�
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�1 H�
�(���=2- 
 ���� �1�H��E
�� �&�7���2���L��O9�H��� 9 [�& .1�/�)4���7 �4='�k����4%���	��4� 
�%������G��*	�D (H2O2/ZnO) *�5 [8� �1�7�B��U�*@�����%� L� 9�O�&�75����/�7 .�)47�KB ]
� �47 �='�k��

�% ��b ���� �9�� .H	�� ��K���
��9 �1�@*� �7]
� �&�SEM 0XRD 
TEM  '��5��4/��4&�*���G .�4���	 �47 �d��4� 
�%�������!2- 9 pH )~0�
gg(0'�� H<���H2O2/ZnO )g0e/g
~0('
 Hh!C���*@�����%� )e0gW
ge��!���4� 
' �1��*u�2B ���9 
 ()~W0lW
sW^1��(���7 (�/� �1 .�)'��5 ]
� 9 �='�k������5�SPSS  )��4�95ANOVA ( �1�@*4�

 .�/��*	� �&�9 .X��XRD  �% ��*S���'�*���% ;�b ���� ,�����"&��
��}B 011 ��D� ����TEM 
�%� �1�47 4�)
B � ;�b ��������1�Q�*� 
�o�}B 9 .X����SEM  ��D�11 
� ��b ���� �9�� �%� �1�)9 �4*2% �='�k�~W�*����4� H4� .

�*��o�1 �% 11 ��D�pH  Y7����7 �7�7ggu�42B ��4�9 
sW^1��4( '�4� H<4�� 
�H2O2/ZnO  �47�7e/g0��4%��[84�
*�5�7�B��U�*@�����%� sf�X�1 ���/�7.� �7 �-�B �7�*	� �&\4�(LB )4� $�	��4� �%�4�����G��*	�4D H2O2/ZnO 9
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#��
22*� �,22�� �B22&��1) � J22�* $��22�- 
22&��I �� �22��$�� ���22*

�* @��6* #$�?�- K�*$� #�
- � ,��� �$�2* K��2�< � K�2��� #�"
 �2* $�
2[ +��3�2�� ,2�
� (Sayadi et al. 2010).K�2�) 
2��
� $�

�* �
M* ���$�� ���* >� K�$�1" ��E�� ���4���2�� !2���
� �*�
K5 �� #$���- iW�* �" #E�- . � .!�� +,��lu,2&$� ���2* ��

 K�,2- ���$�� ��2" #
2��]� �2�� J�2��� H2�
� �� @R2S�  #�2"
�22* =$�22& �
22� �22"�$�� #��22< #
�22� @R22S�  J22FI� 022W- 4

�22* 22��-�K5 �22����
  � C�22� $� 722b  �22% ,�$�� ��22)� =��223� �22" 
(Jones et al. 2003).

+,22��E5 +�b��22- =�
22c� �� �22D� �� � �22��$�� #�22"�$122- >�
22�
���
'� ����5 �B&� #�" �2��5 $�29< �2��$�� #�" �2����- $� �2"

 � �2-
D�* !2*��b* (/2� �2% !2�� #
�2� @R2S�  � �-5 .-��*
 @�
22D�* !22��?) � K�22��� $� �22��$�� !22*��b* 0��122 � #�22"

 �2* (��" 4Q�: 4@5) !��� 7�6* #�1�$�?�- ��2� .(Jones et al. 
2003; Goldman et al. 1996) 
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�
M*���5 �����- #$�?�- K�*$� $� �" ��$ K�2��� ���3I #�"
 !2�� 0��12 � U�< $� ��$ �-.(Hirsch et al. 1999; Hadi et al. 

2011).
��,<|~,&$� �$12- +�
2 �- L�-
* ���$�� ���* �
M* ��

���5 �����- �2* �" ,2��-(Yazdanbakhsh et al. 2012) . �
2M*
 ��E�22� �$�� >22�� K�22�) 
22��
� $� >�22-zYYYYYs|YYYYY >22�

!22�� +,22� +�� >�22?W�.(Rodriguez-Mozaz 2015; Larsson 
2014) 

� ���$�� ���* ��$� ���5 �����- !2���-��* >�2�h?" � �2" #�2"
K5 �� O&�< 7�6* $� �" U�2� $� �2-5 #�" �2��
'� 
2�:� #�2" #�2"

!�� ����� U�/�� �- �$ #���� (Yazdanbakhsh et al. 2014).
���5 �����- �2-
; � $�,��N �" +��2- !2��� �2- ��2�1P� �2�<�$

�?� K5 �� ��W- !�� >D?* � ,��� K5 !2���-��* � �" H2�
� �� �2"
��322M� K�22h?" �223B�W* #�"
�22�* �22��: � #
�22� @R22S�  #�22"

@����$ 4�����$�?�- O� ,�� !�� 4�" ��< �� !�� 4�" 	$�
N #�"
 � 4>�2*� $� ����2�< =E�9  �
-$�% 4�"�* >�2* � #�$��2�% #�2"

+�$���% �- �" J�2��� �$�� J�b�2�* 
�G �� J�b��* $�� � �2-5 #�2"
 ,��2� �%�2:(Hirsch et al. 1999; Zhang et al. 2012; 2013) .
�����- ���5 (2�<
- 
�E�2- !2FBG �2- ����2�$�?�- @�2�N $� �2"

�B�* d
2$�(2�<
- #
�2� @R2S�  $� 72���* ,2< $� � 
2���
�B�* � $� d
+,� 	$�1 
�� ,��(Rahmani et al. 2014).

���5 �����- $� �$ �2-
D�* !2��?) �2% ,�$�� �$ O�����N >�� �"
 2� !6� @RS�  ��3M� J�����$� 
2��]� .,2�"� $�
2[ 
�c !2��?)

@
D�* � �I�- �"��2* �2�5 ���2* �2�1P� �
� $� 
�c �2P��� $� .��2�
@
D�* !��?) 
- �-
D�* ,S O*��I =�
c� J2�* C�2S�* �2� �2"

 �2bB� �2* ��2� (Ding & He 2010) �2��5 . �2����- $� �2% ���2"
��3M� +,�� �j< @RS�  ���: +,� �j< �?% $�,b* �- �� � ,�� ,2��

@5 �22- !22���� $� !22�� >22D?* �22% ,�22�$ ,22�"��: �6A22� #�22"
J����$� � !6� �$ �B�W* #�"�,�"� $�
[ 
�c(Kummerer 2009).

�b/� �� �D� #,�- ���5 J�* #�" �����- �2bB< ��)� e��� 
- �"
K5 K�?�:�� $� d��%E��- �2����- �2��5 �2% !�� �" ��2�� �� �2- �2"


22�G � d�22�%E��- �22* J�22�b� d�22�%E��- ,��22� .(Botsoglou & 

Fletouris 2001) .
�22��5 �$122- +�����22: #�229I� �� �22D� K�22�%��
�3� �22����-

>�$�k22����3� ���3� .!22�� d�22� O22�� #�22">�$�k22� !"�/22� �22"

 �2�N �- #$��:�� ,2�$�� d�2�%E��- �2bB< � >�B�2�.(Botsoglou & 
Fletouris 2001) 

��R29I O2:�� � #,2�$� O2:�� H�$1� H�
� �� K��%��
�3�
�* �
M* #$�?�- �� ����� +��,6* $� �% ��� �$�2* ���23I #�2"

 �22* $�
22[ +��3�22�� ��,22< .�
22�tu�22��m,22&$� �� �22� ��
��%��
�3��- K�� 0�2- � $�$�� H2�
� �� +�$�W� !�� =$�&tu

,&$� . � #��
3& #$�P* H�
� ���*��2� .(Alvarez-coca et 
al. 2000; Palanduz et al. 2000) 
>�B�� ��N � K����*�1� �� ,�-vsvs�>�*�2� K��%��
�3� 4

U�22� $� �22% !22�� K�
22�� $�22�% �
22M*
N #�$��vv�� K�22�B�*
 $� K��%��
�3��* �
M* $��% ��� (Zamani 2011).

	�$ �3B�W* #�"#�
- ���5 �j< �����- �� +,� +�
- $�% �- �"

  �B?)��% �D�\����- #�",�� 	�$ >�� �- �2F<R* O2-�[ ��1P� #�
���5 $� �����- +,"��* �" +,2�� !2��(Homem & Santos 2011) .

� 1�� @j) 	�$��2��5 �j< 
- ���,�; 
�c �2����- �2" $� 4��2��,�
�?� >�- �� +,��E5 	�$ >�� K,2� .2?) � ��2B]� �2I�- �2DB- ��$

�* ��  �� $� +,��E5 ���.(Homem & Santos 2011; Adams 
et al. 2002) 

��$
- e��� 
- �- +,� d�P�� #�" �2* 
2F� 72��� ��32M� ,2�$

  e�22D�* 1?22���22* #,22��f�22��5 (22BG� �j22< $� 
c �22����- �22"

�* >�� �- .,��-!���,6* ��)� U�< �2�G �2'� 
 K�2h?" ���2"
�- $� 
2��]� � �2-
D�* ,2�$ 4����?�2� ���2* @�2�$ O�D2�� O2���

 (22���* �22B?) �� 4�22�G ^A22� ����?�22� � �22D�1�  =��22&�M:
-��* $�?� �- 	�$ >�� #
�$�% ,��5(Adams et al. 2002).


 �2- �� 
��N K����,��%� ,���
 �2- �2B% $�2���R2�� #,2��
�* �� 12�'�* � >2"5 4#�$ ,��%� ,���* !������% �� K5 $� �% ��

 d,I �� $�9< $� K�� 4��_��%� @5 ,���* #�[ +,��% ,��%� +��* ��
 �22* $�
22[ +��3�22�� �$�22* 03�-�
22  ��22�� 0-�22� .22/�* $�29< �
22� 

(Ren et al. 2010; Al-Momani et al. 2002).
U�� $� 
 
2�:� #�2"��2% �� 
2��N K��2��,��%� ,2�� ,2���� �2-

U�D���$ +_�� �- U��  � ���5 #�"OH��* 
P�* �- 4��� =$,2[ O���
 47�26* $� �2��$�� ���2* �� �2��� ����5 0"�% � 0���%� #E�-

 +��2- g
A* $���- ,2��(Arsene et al. 2011; Poulopoulos et al. 

2006; Kusic et al. 2006) �=�2/�%
� (2�
W� #�
2- 	�$ >2�
	�$ �- !/�� d��b* =$,2[ �2- �2)�� �2- � �$�� �
-$�2% 
'�� ���"

 O�,/� ��,�* OD� �- �$ ���5 `�: 7��
� !6� E�- �,��%,��%� 
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T!�U�����5 =��&�M: K��%��
�3� �����- 
Table 1. Chemical specifications of Ceftriaxone 

Molecular Ceftriaxone Sodium
Chemical Formula C18H16N8Na2O7S3.3.5H2O

Chemical Structure 

Molecular Weight 661.60
Another Name Rocephin

Density 0.35 gr/mL
Solubility in Water mg/mL in 25°c0.105

pH 6.7

�* ,2�%(Loures et al. 2013) $� �$ ���$�2% >�
�2��- 	�$ >2�� .
 O�2����N � ���$�2% K5 �� +��3�2�� O2��� 4�$�� �2�5 =�2/�%
� �j<

 !�� E�- K����,��%�(Yazdanbaksh et al. 2012).��2)� >�� �-
+,��E5 K,� ��,�* ,�2�%� #E�2- !2FBG �2- ��2�� �2�5 d��2b* #�"

,�$�� ��E�� ��3M� K�*� � +,��% ��32M� �2��1" 0��12 � (/2� �%
�* ��� ��2* O�D2�� �A2��� =�/�%
� Z�
�%� ,���
  �� �� �2% ��2�

 �2* #
��2B) �2���� =�/�%
� ��1P� ,2���?�.(Mesdaghnia et al. 
2004) 

:O*�� #1B  #�",��%� =�$a ����F2O34ZnO 4TiO2�* .,��-
 $�2� �
2  �2- 
2M6�* =��&�M: 
��: �- #�$ ,��%� =�$a���� 4#

�- �D�
�D���1�N � #��" �?�� 4�D�����% 
2F� �� � ,2���� +�
�� $��
�222* .�222�� +��3�222�� #�
222- ��222��� U�222< $� #\�222���D� ,�222��-

(Ledakowicz et al. 2001).
��$
- �2��5 �j2< �2- L�/�$� $� �3B�W* #�" �2����- =$�2& �2"

!�� �� 
.$�U�� zY|Y �$�2* $� �2�"�_N#�$ 0"�2% �2��5 
�2����- #�2" �2�%�*5 >�B�2� ��2k*5 >�B�2� �>�B�2���%�B% �� 

7�6* #�" �-5 7��� !������%�� ZnO � d�P�� +,"�2�* 2�,�2% 

K�1�* ���- �ZnO 
-�
-m/u
2��� $� d
4K�2*� 0-�2� 
2-�
- n�u 

�b�[� �pH 
-�
- nn �* ,��- �% !6� >�� !��[�* (2�
W� O2*�%
 +,2��E5 �$ +��� !2��(Elmolla & Chauduri 2010) . U�2� $�
zYYw �2��5 0"�2% #�$ 
- �b�b6� 72��� >�BD��2��
�� �2����-

 ��������%��  K����,��%�ZnO �TiO2d�P�� �2T ,� +,"��* ��2-
����- !FBGTiO2
-�
-~/|
2��� $� d
2 �pH 
2-�
-y/}4ZnO 


22-�
-n
22��� $� d
22 �pH 
22-�
-||�� ,22�-|~0-�22� �22b�[�}Y

,&$� ���5 0"�% �2* =$�2& �����- �
2�.(Plaominos et al. 
2009) 


229* =�
22c� �22- L�22/�$� $� +,22� d�22P�� =�22���A* e�22�� 
22-
���5 �����- 4!��� 7�6* $� �"����A* >�� $� ���$�2% �2�$
- �2-

�� 
��N K����,��%� 	�$ )H2O2/ZnO �2��5 �j2< $� ( �2����-
7�6* �� K��%��
�3� .!�� +,� ��:��
N �-5 #�" 

��"!� ! ���
 ��
����B&�%! ! ���
 

�2��5 .!2�� �2-
P� C�� �� 
S�< ����A* �� K�2�%��
�3� �2����-
��$,�5 �?'�� !%
�n#$�,�
:�U�,2) $� K5 =�MW�* �% ,|

.!�� +,� +�$�5 ��2�� �$�2* U���2�* � O�
�����2�� 4>2"5 =�3��2�
HPLC�� ��22� � ��$,22�
B% ,�22�� 4Q
22* !%
22�oK�22?�54���22�

+$aZnO  !%
222� ��Nanomaterials  Research US �222D�
*5
 #$�,22�
:22�U�,22) $� K5 =��22&�M: �22% ,z.!22�� +,22� +�$�5 
���?� ��,�� O�$��%�  	�$ �- �" �/��6* ,� 
-�
- �}|���?���-.

�- $�F�* +��,�� #
2� pH +�'�2�� ��Mettler,(Model Mp230) �
!�)+��,�� �2��5 +,2��?�[�- !2FBG #
2� �� K�2�%��
�3� �2����-

 +�'���HPLC U,*Agilent 1200 ���$�D�5 �-UV K����C18 
=�$a 1��22� 4e�22D�* ��22 )µmm�22B:��
A[ 4mm t/�U�22� 4

mmomu K�22�
) !I
22� �mm/minn4Retention Time  
22-�
-
v/o�b�[�.,� +��3��� ( 

1 Sigma Aldrich 
2 Merck 
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T!�U��#�$ ,��%� +$a ���� =��&�M: 
Table 2. Properties of the applied zinc oxide nano-particles  

Chemical Name ZnO
Purity 99.8%

Particale Size 20 nm
Special Area m2/g

Shape Globular
Color White Powder

Other elements(negligible) Al, Fe, Cu, Mg, Ca,…..

 ���^&�
7_ b�	�� "!� 

�2- � �"�'2���*�5 e�2�b* $� �2���A* >�� d�2P�� ��2���N�� =$�2&
.! 
 �2� � ���2* !/2�� �� 40�%�� K�*� �� 4+,��E5 !FBG ��

pH ,� �� 
 
F� $�.O2�$��%�  	�$ �� �2��?� J2P< >�2��� #�
-
.,� +��3��� O*�% 0��*�5 �"#��
� $� ���-
*omu �2B�* #
2���

 #��<nuu ��.,2� d�2P�� 0��2*�5 U�2B6* �� �,2�-� $� U�2B6*
) Q��222��nuuu �222B�* d
222$��$�,���222�� �� +��3�222�� �222- (
222���

,� ���� K��%��
�3�.!2FBG �- ���"�$�,����� {k� #�2"m4nu�
nm �B�* ,�,� ��:�� Q���� U�B6* �� 
��� $� d
 U�2b��� �� {N �

J�F�� � 0�%�� �
� �-pH 
2F� �$�2* #�"4�� 
2F� �$�2* 
���2b*
ZnO �H2O2� �S� U�B6* �-�{k� 4, +��3��� �- (�%
� LR�:�

!I
22�) 
D�22� ��rpm nou K�22*� �22� $� (vu��u�lu�22b�[�
 .!22 
 d�22P��=��22�� j22G�% �� 1��B22�tm/u
22�*�
D�* �22- $�22F�*

,� +��3��� � 
M* $�1�����% #����,) 	�$ �- +,��E5 ��
W��� �
) ,*�) ��  ��
W���SPE $� � !2 
 =$�2& ��
�$�2% �2?% �- (

 +�'��� 7��� ���?� K���NHPLC 1���2�5 2� ���$�2% �2- �2)�� �2- .,
�- H-�A* 4+,� �/��6* �j<�����* |iW�* ����- 
���b*�,

)|(100
C

)CC(
%movalRe

0

t0 *
−

=

�T $������* -2E�
C0���� !FBG2��E5 �2- +,2B�* (�< 
2�2d
$�
��� �Ct2FBG2!

�� +,2*5 !2�,- ���2��HPLC �2B�* (22�< 
2- d
2$�!22�� 
2���
(Mirzaee & Gharbani 2014).2- ���2�� 0"�_2N >�� $��!2��

d
� �� +��3��� �- +,*5 $�1 �SPSS K�*�5)ANOVA ( 1����5�$� .,
22� �22���A* >22������22* �22���� $�,22b* 4e�22?� K�22*� O22*�I g�A22� 
�c
� +,��%,��%�pH  
 #�$ 
-����5 �j< ,�� K�2�%��
�3� �2����-

 .! 
 $�
[ ��$
- �$�*�- ����- 
���b* $�
D� $�- �� +,*5 !���,

�- ����� ����� ��&,2� 	$�1 >�'���* =$4J2�$ #�
2- >�2�h?"
$�1 � d
� �� �"$���?� .,� +��3��� O�%�#�
- * >�2����� #\�2�� $

 =�$a +��,�� .����ZnO {DI �- #�" ��D2��
D�* �� +,2*5 !2��
�22�-�$ �22��
�D�� SEMn4TEM o4XRDv$�
22[ �22�$
- �$�22*

 ! 
.(Ghaly et al. 2014; Noorimotlagh et al. 2013) 

.�G&��� F�4 !

.�������& ��

���5 �j< ���$�% �� O&�< ����� =�
��]� �- �����-pH $�Oq2� 
|0��12 � �- �% ,��
 �F<R* $���?� >�� $� .!�� +,� +�$�5pH 
����22-||.!22 �� 0��122 � 
22F� �$�22* +,22��E5 �j22< ���$�22% 
)Y~/Y<p(

Fig. 1. Effect of pH on Ceftriaxone removal efficiency 
By�����
�cpH K��%��
�3� �j< ���$�% 
- 

Oq�zK��� ���2* !/2�� =�
2��]� +,�"�H2O2/ZnO 2� ��K5 
�c
���5 �j< ���$�% 
- �* K��%��
�3� �����- O&�< ����� �% 4,��-

* K���2�- ,"�2* !/�� 0��1  �2��22�� �|�-~/|�j< ���$�% 

1 Scanning electron microscope 
2 Transmission electron microscopy 
3 X-Ray Diffraction 
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Fig. 2. Effect of H2O2 /ZnO molar ratio on Ceftriaxone 
removal efficiency 

 By� ������* !/�� 
�c H2O2 /ZnOK��%��
�3� �j< ���$�% 
- 

�� ���2* !/2�� >2�� 
2��]� �� �*� .!�� +�
% �,�N 0��1 � +,��E5
~/|�-��* 0"�% +,��E5 �j< K�1�* ) .,-��Y~/Y>p(.���2��

 �j< ���$�% �� O&�<���5 $� K�2*� =�
2��]� �2- �����- Oq2��
�� K�2*� 0��1 � �- �% 4!�� +,� +��� K����Y�2- �2b�[�wY�2b�[�

 ��,22< 0��122 � (/22�zY�j22< ���$�22% #,22&$�22�.!22�� +, 
)Y~/Y>p(

���5 ����� !FBG 
�c�� Oq2� $� �j2< ���$�2T 
- p����-XK�2��
.!�� +,� +��� $� OD�~O&�< 
���M�4K��� +��,2�� +,�"� =�$a

 #�$ ,��%� +$a ����!�� .

Fig. 3. Effect of contact time on Ceftriaxone removal 
efficiency  

By�Y�K��%��
�3� �j< ���$�% 
- e�?� K�*� 
c� 

Fig. 4. Effect of initial concentration of Ceftriaxone on 
its removal efficiency (for a H2O2 /ZnO molar ratio of 

1.5 at pH equal to 11)
By�]������5 ����� !FBG 
�c �j< ���$�% 
- K��%��
�3� �����-

 ���* !/��)H2O2 /ZnO 
-�
-m/n4pH 
-�
-nn(

)c()b()a(

Fig. 5. a) TEM image of Zinc oxide nano-particle, b) XRD image of Zinc oxide nano-particle, and c) SEM 
image of Zinc oxide nano-particle 
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.���F�4 

.�����-���� 3����L): 7� Bg�Q G&����3!� #

�� O22&�< 
��22M�XRD #�$�� #�$ ,�22�%� =�$a ���22� ��� K�22��

��M� 4+��- U����1'" ������
% $��:�� TEM  >2�� K��2- #�
2%

� �$ =�$a �����
��M� �� O&�< ����� � �
% ,��SEM K������ �2%
 �� 
222�?% �222���A* >222�� $� #�$ +$a ���222� +��,222���Y
�*���222� 

)nm �Ys|Y�* (�2��D� ��$
- � ,��- SEM K�2�� d,2I +,2�"�
 H2�b6� >�� $� +��3��� �$�* #�$ ,��%� +$a ���� $� �M��:�� ��)�

.!�� 

.������ ���\�m��DpH ���_ n`Q �4 1�)*�&��8% s����4 

�- �)�� �- ����A* >�� $�Oq� |0��12 � �2-pH ����2-||K�12�*
 $�,22b* � !22�� �22� �� 0��122 � K�22�%��
�3� �j22<pH 
22-�
-||

�- K���IpH �2��5 ��1P� .,� >���� ����- $� K�2�%��
�3� �2����-
pH �2* ���2�B[ �2- ,2���� 4,2��- O2��� �� O2��� �2- U�� �2bB< ���2/c

���5 ��1P� � d��%E��- $�1�����% $�9< �- �����-ZnO $�pH E�-
�* =$�& 4�
� 
O222��� $�2229< d��OH-#�$ 
222-ZnO U�222D���$ OD222� �222-

 K5 �2�1P� � �2����- �2��5 
2��- @j) (/� O��%�$,�" �2* ��2� 
(Dehghani et al. 2012; Hau & Poole 1971) �2�$
- H2/� .

 E�?�� U�� $� K�$�D?" �zYYw���5 �j< #�$ 
- 4�2����- �2- �2"
 !������%��  �� +��3���ZnO K�1�*pH 2- �2���-�
2-�
- +,2*5 !2��

|| �22* ,22��-(Elmolla & Chaudhuri 2010) . �22�"�_N $� $�
 U��zY|X 0��1 � �-pH �2- �� 
�2��-w4�2��5 �2�1P� �� �2����-
yY ,2&$� ��,2< �22-|YY ,22&$� �2��1�,�22�$ (Ghali et al. 

2014).��"�_N $� U�� $�zY|z ,�2�%� =�$a���2� 
c� ��$
- �-
 �2�:��
N �2�/� @R2S�  ��32M� 
- #�$ � ,2� K�12�*pH �2���-X

-�!�� ,*5(De Abreu et al. 2012).

.���.�00� ��00�\�m�;�00
 >L00)� ��DH2O2/ZnO n`00Q �004

���_ 1�)*�&��8% s����4 

���2* !/2�� 0��12 � �2- �2���A* >�� $�H2O2/ZnO ��|�2-~/|
0��1 � 
F� �$�* �����- ���5 �j< ���$�%! �� >�� 
��]� �- �*� 4

�� !/22��~/|�22-�.!22�� �22� �� 0"�22% �j22< K�122�* �
-$�22%
!/�� �2?� �j< ���$�% 0��1 � (/� E�- ���* #�" $� �
2�� ��2�

!/�� 
�E�- ���* #�"4� �S� 
���b*H2O2U�2D���$ �- #�2"OH° 

  $� #,22�����U�22D���$ ,22���� �22- 
22P�* � +��� 0�22%�� 4,22�� #�22" 

���S #
� �2* ��2� U�2D���$ �2- !/2�� �2% �� O�2�%�$,�" #�2"
U�D���$ .,���" $��$�:
- #
�?% !����  ��2)�* O�2�%�$,�" #�"

 �- 0�%�� 7�6* $�H2O2U�2D���$ � +,2� (2�%
� 7�26* $� #�2"
) 
P���D��HO2

��* O�D�� �$ ( ���S �% ,�"� +��- 
� 0"�% $� �
,22�$�� 022b� �j22< ���$�22%(Parastar et al. 2013).�22���A* $�

 U�22� $� K�$�22D?" � R�22�
�,*|�}y U�22� �
��� �j22< #�$ 
22-
 #$�j2$�- 0��12 � �- �% ,�,��$ �P��� >�� �- #�$ +$a ���� 7��� 

ZnO ��X/Yd
2$��2* 0��12 � +,2��E5 �j2< 
2��� �2�� 4,2-��
 >2�� �� 0�- 0��1 � �2* �j2< ���$�2% 0"�2% (/2� $�,2b* ��2�

(Modirshahla et al. 2009) $� K�$�2D?" � ����
�* ��$
- H/� .
U�22�zY|� �22- 	�$ �� +��3�22��H2O2/TiO2�22���- K�122�* 4TiO2


-�
-mLz~Y /gYYX/Y����- K�1�* �H2O2
-�
-|YY �2B�* d
2
 !22�� +��22- 
22��� $�(Mirzaee & Gharbani 2014) � ,22���) .

 U�� $� K�$�D?"zY|� 
c� ��$
- �- TiO2���5 0"�% 
- �����-
 ����- K�1�* �% ��:��
N >�BD����
��TiO2
-�
-~Y�B�* d
 $�
��� 

�- !�� +,*5 !�� (Javid et al. 2013).

.���=�� ���\�m��D ���_ n`Q �4 1�
7 1�)*�&��8% s����4 

K�2�%��
�3� �j2< ���$�2% 
- e�?� K�*� 
c� ��$
- $� H2/� 
2-
 Oq��+,"�2�* 2� ,�2T e�2?� K�2*� 0��12 � �2-4�j2< ���$�2%

�* 0��1 � K��%��
�3� .,-�� 
U�22D���$ ,22���� #�
22- � �22% K�22*� 0��122 � 
22*� >22�� !22BI

�22* 0�22%�� d�22P�� � O�22�%�$,�" U�22D���$ >�22�h?" � ,22��- #�22"
- � �% !&
  O��%�$,�" �2* �$ ��5 =�/�%
� �- 0�%�� #�
 ,2�-��

(Javid et al. 2013).U�� $� K�$�D?" � $���
N ��$
- $�|�w| 
K�2*� 0��12 � �- #�$ =�$a���� �� +��3��� �- =�
��� �j< #�$ 
-

 !�� ����� 0��1 � �j< K�1�*.(Parastar et al. 2013) 
����A* $� #�U�� $�zY|� !2������%��  �� +��3��� �-TiO2�

ZnO K�2*� $� @�2�N �� �2B- >B�2�* �j< $�wY>�
�2��- �2b�[�
 +,"��* +,��E5 0"�% ,&$� !2�� +,� .(Zhang et al. 2001) $�

U��zYY} ��"�_N $� #�$ +$a ���2� �� +��3��� �- O� �
B% 0"�%
 K�*� $� J������ ,��%� #� �wY�b�[��$
- � �0"�%|YY ,2&$�

 +,"��* +,��E5,�(Chatzitakis et al. 2008).
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.���@�00� ��00�\�mn`00Q �&���00* �004 #�00(&z_ �00�;!� >00H�I ��D

���_ s����4 

�� O&�< �����Oq� X�* K��� ,"�4�2��5 !FBG 0��1 � �2����-
 K��%��
�3� �2* �j2< ���$�2% 0"�2% (/� ��2� �$ K5 O2��� �2%

�* $� ��2)�* =�2/�%
� �� !������% 0��N ^A� K,� C�/�� K���
 !2���� 0�2%�� 7�6*(Nikkheslat & Amin 2011).e�2�� 
2-

- ������+,*5 !�� !FBG $� ���$�% 0��1 � #�
- �- ���� 
�E�- #�"
 K�1�* 0��1 �ZnO �H2O20�%�� 7�6* $�!�� �2�$
- H2/� .

 U�� $� K�$�D?" � HBA* #$��|�w| 
c� #�$ 
-ZnO 0"�2% 
2-
 �22* 0��122 � �j22< ���$�22% !22FBG 0��122 � �22- 4�22B- >B�22�* ,22-��

(Noorimotlagh et al. 2013) �2�$
- H/� . ���2[ $� K�$�2D?" �
U��zY|� �$ ,�2�� �2�$ 0"�2% �2- L�/�$� $�|zY 0��12 � �2- 4

�* 0"�% �j< ���$�% !FBG -�� ,(Ghaly et al. 2013).

=��	��� 3��+ 

�2��5 �j< #�
- 0"�_N >�� $� +$a ���2� �� K�2�%��
�3� �2����-
 +��3��� K\�$,�",��%�
N � #�$��� O&�< ����� .,SEM +��,2�� 4

�� 
�?%�Y� �$ #�$ =�$a ���� d
������2* ,�� �2���- 7��
2� .,2�%
 =$�2/I ����A* >�� $� @j) �:�� ,2� pH 
2-�
- ||�2���� !2FBG 4~

�22B�* e�22?� K�22*� 4K�22�%��
�3�
��� $� d
22wY!/22�� � �22b�[�
���*H2O2/ZnO  
-�
-~/|7��
2� >2�� $� �j< ���$�% 
�%�,< .
wz ,&$� .��- 

�2����- ���5 K�1 � ��$ 0��1 � �- �)�� �- U�2B6* $� �2" #�2"
���
'� � �-5 	�$ �� +��3��� 4��)�* #�" * #�"f
c�-$�F�* �j2<

K5 #$�
S � d�E �" !2�� 
  �j2� 4�
2c� �� 
2��N K��2��,��%� ,2��
 �22* � ��22��� �22��5 0"�22% � �22�1P� $� ��)�22� O22-�[ K�122�* ,22����

���5 .,���
- >D?* O[�,< �- �$ ��)�* �����- 
22� +,22�"� K�22�� �22% O22&�< ���22�� �22- �22)�� �22-�
 #E�22- 
�c�,22��

 �� 
22��N K��22��,��%�H2O2/ZnO 22��5 �j22< 
22- �22����- �
K��%��
�3�!�� �* ��&�� ��� 
 >2�� ���$�%��� +��3�2�� �2- ,2��

 	�$UV �
�� �
�'- $�
[ ��$
- �$�* J"UV U��  �I�- K,� 
�
 =�$a ���22�ZnO � ��� ,22"��: 0��122 � �$ �j22< ���$�22% � +,22�

 	�$ �� +��3�2�� >�2�h?" �22���� K�12�* 0"�2% !2�) �22b�3B� #�2" 
�22��5 � +��22- ,22�3* �22����- 	�$ �� +��3�22�� �22- K��22��,��%� #�22"

 $�,b* �- +,��E5 K�1�* �� 
��N�-�BA* 0"�2% �2* ,2-�� K�12�* �2� 4
� 
22M* ���2*#�
22- 	�$ >22�� $� +,22��E5 �j22< O[�,22< �22- �$ �22" 

.,��- ��)�� O-�[ 1�� #��M�[� ¢�6� �� � +,���$ 

@�������V 

�����2- K�,2* d�E ��:
2�2����2� ,222 2D?" �� �22��* #$�2�KE�
+�'2���� !2��,�- +,D2���� @R2S�  � @5 +�'���*�5 K�����$�%

��22�* >�22�h?" � �
%
�22� �D22�1N d�22BIKE122%
* K�22����$�% �
$� �2% 4�
%
�2� �D2�1N d�2BI +�'���� ���D��* � ���B� =�b�b6�

,���?� #$�� H�b6� >�� d�P��4.,���?� ����$,[ 
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