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Abstract  
Most organic compounds are resistant to conventional chemical and biological treatments. For this reason, other 
methods are being studied as alternatives to the biological and classical physico-chemical processes. In this 
study, advanced photochemical oxidation (APO) processes (UV, UV/H2O2, UV/H2O2/Fe(II), and UV/H2O2/Fe(III)) 
were investigated in lab-scale experiments for the degradation of phenol in an aqueous solution. A medium-
pressure 300 watt (UV-C) mercury ultraviolet lamp was used as the radiation source and H2O2 30% as the oxidant. 
Phenol (initial concentration= 0.5 mmol/L) was selected as the model due to its high use and application. Some 
important parameters such as pH, H2O2 input concentration, iron catalyst concentration, the type of iron salt, and 
duration of UV radiation were studied based on the standard methods. The results showed that the Photo-Fenton 
process was the most effective treatment under acidic conditions producing a higher rate of phenol degradation over 
a very short radiation time. The process accelerated the oxidation rate by 4-5 times the rate of the UV/H2O2 process. 
The optimum conditions were obtained at a pH value of 3, with a molar ratio of 11.61 for H2O2/Phenol and molar 
ratios of 0.083 and 0.067for Iron/H2O2 in the UV/H2O2/Fe (II) and the UV/H2O2/Fe (III) systems, respectively. 
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 =�;��gR��\	 ����  ��� � 
����	 :��) �
[�	h�$j�	
 �
 /E�� �l��$m���P�
 2� ���� ����g,� �

����( �$ �) ;� D�M� *r����\	� �������� � �+ [���T !� *Y

�) ��P ���\	 ]hj[.

���8� �;�m	 ��R ���*��	! �
 ��;��3	  L���$ ������� !� 5
( R��+ � ��)�
�� /� %�).��:!���� ��B�	 & ��R�� /B�� � � 6��D �

�gR��\	 �
 6�D /B���W<$  � �
 :��) ��O\$ 5� e�� K���@	 =K
��	��D 
���������O��	  �)5530 D (���� ¢; ��	��D������� ��k

)DR/2500 ( �g)�� ���� !����� 
�������� huut ��) :
�W���� 

3 HACH 
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]hk[.:!���� & ��pH :�,��
 L��$ pH S����	 ���	 h���	ouh=
S�A�� ��gR��\	 ����D�� k�sR��  �) :�#.

o�J/� $ K.��( 
o���0q$��
2 �
�3#�6 �[=n �p# 

6�)h=����( /B�� �C�  ;� r��� �� *�!� :
�W���� ��� 6�D ?QG 
�D��;���	 *�I� �� *���D��D ��;
 .�	 ��BG.	 �'�������� =
��)

�%D�R�� /B�� 1 ����( � ;� � 6�D ?QG �T�
 *r��� �%D %1
��	������ .������' ��	 ����B��� ���%��D� ���� /��D�R�� /��B�� 1��  �

����( ;� 
�� ���O	 =*r������ �;�; ����� R�$ 6 ���%�D� 1
��D�/.*���8; ���	 ���BG.	 ���a ����� 

���& �%��D� ����/��B�� 1

����( ;� � *r��� !� 1o/�	 ��R ��=���� ��� ���UV/H2O2

$fC ����� ��� ?QG �
 � �8� :�;�I�	 ��I�/�B�� �
 � 
��)m/j
	 ��R �� 6�D ?QG �T�
 �� �R�%� ��� � 
��
 �%A$ /��E ��� 5��

�������( ;� ������ ����� *r��� ��$ � �+ � *Y��� 
�� �����������;�
; ����� 	 6��)�� .����( /B�� ;� �� :��) �D�M� *r��� �� �
 
g� /B�� � ��� ����� ��g� �� *�%A$ 56�D �/��C ���)�
 �,�


�) ��! 
����� ��;�; ������ �����( ��� 6 ;� 1����� *r���
��	�;
���������( � � ;� ��� 
���0 *r����& *�����E 
�� :����������
; ����� 	 68E 6���� ]hl[.
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(��
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� ) 0q$��
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�3#�6

7;;
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;;4
��

7D+������( /B�� �C�  ;� �D �
 *r����W<$ �� � �� 6�D � ���
UV/ H2O2)NI3I$ *�	!m>
 �O(

o�i��#��� �p# pH 
�����O	pH����� �
  ��� ��$ *� [���#+��R���� �O����	 ����� � �

� O��	� 	 �C� ��
��Q&.���O	 pH R�$ = 
�� ���� �;�; ����� 6
������ ���� 5�����  ��� $ /\$ �� *�fC 	 ���> ���;
.6��) j=
x$ ��C���   [��pH �D !� :
�W����� ���� �
 �����\	 ��� *�����D��D ����

 	 *�I���;
 .� �
 ?Q�G �T�
 �z���G �  ���UV/H2O2/Fe(III) 
�
pH 
��������G k����������� ms/us� �
 � �������T�
 ������  ���

 
1 Metrohm 

UV/H2O2/Fe(II) *�8; �
pH ����� uh/uo� �T�
 ���	+ /��
 .
� ?.�0� /�E����� L��$ ?QG � �
 5 R�$ =��� 5;+ :����
 �

�D 5;+ !� 2��D1���� L��$ �k)R��D %(�	���'���� � ��)��
 �( /B�� �) ��~ �	�O	 �
%A$ *��	! [��	 �
 2���D 5;+ ��� � �

	  WG�
�).
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7D+i����O	 �C�pH�D �� 6�D �%A$ �
 �*���D ��D �� 68E L��) :

[Phenol]0 = 0.5 mmol/1 , [H2O2]/[Phenol] = 11.61,  
[Fe(II)]/[H2O2]= 0.083, [Fe(III)]/[H2O2] = 0.067 

����
�O	 �pH9���l%A$ /E�� 	 1;�� �����=!��
 ��

���O	�pH 
���O	 =9���� ��� �����\	 �
 
���P�	 5��;+ ��[����T

; ����� �	 ����� 6�1;��� �� 1W��� ���D 1���$ ���#E � ����
	��;
 ]hm[.

o�o�C2- 0�. �[=n �#��� �p# 
� 5;+�[��T*��;��D � 2��D � ��R�$����D *����E � �
 /� 

pH !�l	 68E ��0 ���� .�
 �'���� 6�)k�	 :�;�I	 �
��)=
������g� ���O	 *
��+ /�
 � 2���D 5;+ �� �D 5�;+ � ����O	 �

� 2��D 5;+ /B�� ����� �
 6�D ?QG �T�
 �D 5�;+ � �D��M� �
:�)=#��\	 �) �.�%D� ��9��� ?Q�G ��T�
 ����O	 =5;+ /B�� 1

	��%D� �� � 
��� �� 2��D 5;+ /B�� 1 !� 1m/�	 ���
 ��	
R � ���l/�	 ��R �
 ��	  ��� ����D 5;+ ��$ �fC ������ ���


8� :�;�I	 ?QG�
�) .�%D�\	 ��� 2��D 5;+ ���O	 1��� ��� 

50

60

70

80

90

100

0 0.5 1 1.5 2
(��
> �� �� s=
�) C2- �[=n

 7;;
	MG

T;
S�

;4
��

UV/H2O2/Fe(II) UV/H2O2/Fe(III)

 
7D+o�5;+ /B�� ���O	 �C� )II ( 5;+�)III ( �� 6�D �%A$ �


�D�*���D ��D �� )[H2O2]0 =6 mmol/1, pH=3(

��������	 
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:�g> ���3�)� �Q�P �E�� � :
�� UV �
 � :��) ��/�R�G 5�*�

�� ���� 2����D; ����� ������� ��	 1������ 6����;
]ho[./#����

����( �; 2��D 5;+ �� *r��� ��� ��$ ��)�� ���� *��	� �G �$ 
��$ !� &��P �g�+ � ��R�$ � 
�) � 1;��� 5�;+ c����8� 5�AR �

���.

o����M C
� ��.��� #��2�	.UV/H2O20��	M��M $
%A$ /E����� ��� �
 6�D � ���UV/H2O2=UV �D ���;����

*���D��D)UV/H2O2/Fe(II) �UV/H2O2/Fe(III) (  ���� 
��	�
/D�& ���> .����� NI3I$ *�	! 6��O	 �
 6�D 1;�� ���O	�� ��) 


�
:�;����	 1�a����� �P�
 h�) :
�
 /O��@	 .
)s(Ln (C1/C0) = -K .T  

*+ �
 �a:
C0�C1� �W�T *�	! �
 6�D /B�� T�K/���C ���� 1����� 

	 ��� �P�
��)��.
*��	! �
 6��D /B�� :!����� V����	 ���; � ��) ��� & 
��8���

Ln(C1/C0)���) ����� ����D ����� � ����g� ������ *���	! ����G ���� 
)6})�(

�8

�6

�4

�2

0

2

0 5 10 15 20 25 30 35

( ��
�� ) 0���

Ln
(C

1/
C

0
)

Linear (UV) Linear (UV/ H2O2)

Linear (UV/H2O2/Fe(II)) Linear (UV/H2O2/Fe(III))

7D+���D �� 6�D �%A$ ���� ��� �P�
 ��
�8��=*���D ��D ��;�� 
UV �UV/H2O2

[9
�3	 6}) ��;��
�8� ��� ��&� l���	 V�3$ �! [��T 
�):
uhs/�=R2�ku/�nXpp]/pn=Y:UV 
]q^/p=R2bib/p+XZ^�/pn=Y:UV/H2O2

1 First-order 

]yb/p=R2ZqZ/pnX^�Z/pn=Y:UV/H2O2/Fe(II) 
]__/p=R2��q/pnXyZp/pn=Y:UV/H2O2/Fe(III) 

���O	 9�� L���� !�K)1�a�� ��� /��C (��) 5 � 3$ ��� � ��g� ����
 ���P �
 �aZ�	 :�;�I	 
�).

$�����O	 ��� 6�D �%A$ 1���� [�) ��g���C �U���� �� ��
�D�;����D�I ( *� ��� ��� �� 

�M '#�(##��M�5
6 0�
�#�
�3# ��2�	. K (min-1)
UV 0.009 

UV/H2020.164 
UV/H202/Fe(II) 0.641 
UV/H202/Fe(III) 0.810 

6�)l����PZ	 *�I� ��%D� �� �;
5;+ 1II5;+� III ��� 
� ��� UV/H2O2��� /E��  ��� ��� �� 6�D *� $�$ �  ��$ �l�m

������%D�	 1��;
 .�5�� �A �� 
��
 ������8; % � �,
 [�3R�@	 
]hs[.

����
�( ��
E 
���� �O\$ 5 �	 *�I� K�%A$ /E��� ��� ��;
 � �� 6��D ����� ��
�D��;������  ��� ) ��D *� 8 ���)-���%D� 	 1���� ./E��

����� ��� ! 6��	��E ���� *���
�������O	 *���'8; pH /��B�� =
����( ;� r��� /B�� =* �*�	! [�	 � :�) �D�M� 5;+ �8� U�� 

,��� 1W����D 1��$�
��
 .�D��$9�� *���D ��D ��?QG [�) 5
)��D 8 ��� 
�
 *�I� 
�0 !� �� 6�D ���� ��%D� ��5�;+ 1(II)�
5��;+ (III)� ���� �� ��� UV/H2O2����� /E����  ��� �� 6���D *�

�� $�$ �$ �l�m�%D� ����� 
�
 1.��)Lg� ��� �����g� ?QG 5
�
pH ����� kR�	 /#�� ��H2O2/Phenol �����oh/hh/#�� �

R�����	�Iron/H2O2������� ������ ��� �����;�UV/H2O2/Fe(II)�
UV/H2O2/Fe (III)�� $�$ ��tk/���os/����	+ /�
.

z��(#���� 
���	 /��) !� *�&������T )���( N 8����� ��8G �R��	 /�!�
�O\$ 5 � K����
 �� ��I$ ��8.
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