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Abstract  
Every year more than 700,000 tons of dyestuff is produced, 50% of which is azo. Azo dyes contain one or more azo bonds 
(-N=N-) and are among the most important synthetic dyes because they are produced in high amounts and also have many 
applications in different industries especially in textile industries. This study was done to investigate dye removal of dyed 
effluents in textile industries as well as COD removal through advanced photochemical oxidation by the application of UV/ 
H2O2. A low-pressure 55-watt (UVC) mercury ultraviolet lamp as radiation source and H2O2 30 %( Merck) as oxidant were 
used. Dyestuff of C.I. Direct Red 80 of azo group was selected as model due to its high use and application. Some important 
parameters such as the effect of UV, duration of UV radiation, H2O2 concentration, dyestuff concentration and pH were 
studied in five separate stages based on the standard methods. The results showed that after 20 minutes, UV individually 
could remove 33.3 and 18.4 percent of color and COD, respectively; while, H2O2 could remove only 5.7% of color and 3.5%  
of COD after 24 hr. In UV/ H2O2 system, color removal reaches 100% in optimum conditions after 5 min radiation; however, 
after 20 min of radiation, COD removal was 77.3 %. Optimum conditions for color removal (30 mg/L) and the COD 
resulting from the color in H2O2 process included 150 mg/L of pure H2O2, neutral pH and low concentrations of color. 
Therefore, UV/H2O2 system proved to be an effective method for removing color and the COD produced by color. However, 
removal efficiency of UV radiation and H2O2 individually was not appropriate because they can not individually generate 
enough OH˚ radicals, which are the main decomposing agents. 
 
Keywords: Ultraviolet Ray, Hydrogen Peroxide, Azo Dye, Advanced Photochemical 
 Oxidation (APO). 
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¡H�(R) �� 5� &�$�  * �F*����,� ��$ 3� �

)d(R(%)=[C0-C/C0].100 

�� �� �':
C0A� ¡��H� ����1�� %��4Ll C  A���431 ���� �� ¡��H� %��4Ll

>� ,� *.
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����-b0�5��,��H� �	��4-� ���* !�����COD >�N����* ����FD� w�� �� 
¡H�A ���*�$ w�� R* F� >X-$o^^fD�� ,��� ���,H �$� � �'

 ³ O\]]p %$� 5,� 5� &�$� ]p[.

��h��> 
����0 ��
�( Z�+0�, �&jUV �+1�>
 �+%�.�� 
) z��+'%0 �+( 5 #

6|3COD�>
 $� �43 
	���) �WV� (DH �* ���* >) �	4-� �*UV � ¡�H� .��Z �� COD 

>����D� %�4Ll �* ¡H� �� >1	L3� A�� �� 2U Zef>�L�� ��* K���
 ���1 �	�H (* � %3� ��$ A,���� ��"�UV %�4Ll � %�6�� ����E 

� ¡�H� 5,H 0�E *COD s�$	� ��L�G� ! �"H �� �� ��H	0H ��� �� 
���=�$� 5 B�$� 5��,H� ���	�6 ,� !��� .N� ��� �� �H "��' ��� � NH 

�	H (* �UV � ¡�H� .��Z ��X��H �� � ��9X� @	� !��,Z  � 
COD >� �� �� 2U Z ���� .%���� �� ,+* �' !�	: �*^f��D�E� 

e/ee� ¡H� ,U�� i/\p,U�� COD ,���� .�Z A��E�� �� �' 
%$� ��6�� M�	U #�D��� 9�1	�6 R��: �� .�Z ���.

.��Z ��Y * �9�X� �	�: ��* (&-*���6 	��) �� 5� &�$� ����* -*
 � ¡H� >_9COD >�� �� �� 2U Z ����� .���� 5,��,) ���� %�LY

 �' %$�UV >0H >� "-� �* �9�BH� 5,�--' ���9X� >L�U� 2�� Y ,H�	�
,� 0H ,�1	� >6 ' 5��,H� �* �� 2��'��,�� ? =���� >-+�]][.

�����&jZ0 ��
�( H2O2��'%0 �( 6|+3 5 #�+1�>
 �+%�.�� 
) z
COD!. $� �43 

�WV�� (�DH ��* ����* >) �	4-� �*H2O2� ¡�H� .��Z �� COD 
>����D� %�4Ll �* ¡H� �� >1	L3� A�� �� 2U Zef>�L�� ��* K���

 ���1 ,���� ��"�.��$ ��-�"* ��,�D�H2O2��* !,�+* 2�Z��� �� ��' 
� ¡�H� 5,�H 0�E * %�4Ll � �6 �}� �� ��* 5,�� %$�COD �� ���

 5��,H� ���	�6���=�$� 5 B�$� s$	� �L�G� ! "H �� �� �H	0H !����
,� .N� ��� �� �H "�' ��� � NH H2O2�� !9�O �H ��W��� >� �"-� �* 

� ¡H� .�ZCOD ���� �� �� 2U Z .%���� �� ,+* �' !�	: �*
^i s��D6 %Y ��$ a/o� ¡��H� ,��U�� o/e,��U�� COD .���Z 

,���� .� �� �� 5� &�$� ����* -* � ���* .�Z �Y * >� "-� �* �H���'
 � ¡H� >_9COD >�� �� �� 2U Z ����� .���� 5,��,) ���� %�LY

 �' %$�H2O2>0H >� "-� �* �9�BH� 5,�--' ���9X� >LU� 2� Y ,H�	�
,� 0H ,�1	� >6 ' 5��,H� �* �� 2��'��,�� ? =���� >-+� .]]�\f[.

����i+B�Q� #+'��B{ �j� ��
�( H2O2>
 �+%�.�� 
)5 #�+1�
 6|3COD�%�.�� 
)�>
 $� �43 / H2O2UV 

��L�G� ! "�4Ll �W� >$��* �	4-� �*H2O2� !���BH� ,�-���6 �� 
.�ZCOD #����$ �� ¡�H� �� 2U ZH2O2UV/  �� >1	�L3� A

>���D� %4Ll  * �9BH� 5� �ef>L�� ����1 �* K�� s����� �� � ���"�
pH G� ! ����"�4Ll  ����* �H�������'� �� A ¡����H� >����+��: �����L� 

)efAvfA]fA\^fA\ofA\pfA^\fAeff (>L�� K���*� �6 }� ���1 
�	H (* � %3�UV%6�� ���E .�� ��L�G� >H �� 2U�	6 �� ��$ 
����H	0H ?	���L3� !�������*5,���� 5 B����$� s���$	� ����H	0H ����� �

5��,H� ���	�6���=�$� ,� !��� .
�� �' �	: � 0� ! "L=�� i�o>�� 5,� N�� %����  �* A�	��

 H� %4Ll � �� � ¡COD >� (� ' �� �� 2U Z ,�* � .!�	�: ��*
 �g��,��� ,���'��) %�4Ll >��E� �'ef�vf>�L�� K��� �* ����1 �

>� �� ��) ¡�H� %4Ll A,� *\o>�� �&�U ��* ��D�E� ,�$�.>��E� 
%4LlH2O2�* ]f�\^f >L�� >� ���1 �* K�� ¡�H� %�4Ll A,$�

 �� �)\f>� �&U �* �D�E� %�4Ll ��' >�1 �Z �� � ,�$�H2O2��* 
\of>L�� >� ���1 �* K�� �� �) ¡H� %4Ll A,$�o�&�U ��* �D�E� 

���>,$� .) %4Ll (��96�  *���� ,��'� ���* �g��,\pf A^\f �

0

2 0

4 0

6 0

8 0

1 0 0
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(�+++�&r) )*(+++0 !+++�$

6|
+++3
�++
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)
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1 5 0 1 8 0 2 1 0 3 0 0

 
��� 8���W�� M� &�� ! "�4Ll H 2 O 2(* � � �� �UV 9��E 2�-6	1	$ ¡H� .�Z ,U�� ��9�� �* 3BL�6 ���,-�UV/H2O2

20Y s���� :mg/L ef =]�9BH� 5� � %4Ll [A^/a�p/v=pH 
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��� D���W�� M� &�� ! "�4Ll H 2 O 2(* � � �� �UV.�Z ,U�� �* COD 9��E 2�-6	1	$ ¡H� �� 2U Z 3BL�6�� �,-�UV/H2O2

20Y s���� :mg /L ef =]�9BH� 5� � %4Ll [A^/a�p/v=pH 

eff >L�� K���*����1 A>�� 5,� N�� �� ,�+* ¡�H� %�4Ll ��' �	��
 !��N�* � �� %���)%4Ll �* %��H\of K�� >L�� *����1 �(��*

 >� �&U ,$� .%�4Ll (��9�6�  �* ?	�L3� !���BH� %Y�$ ����* -*
 �� �H���'� ��ef �\of >�� (��9�6� ����1 ��* K�� >L�� ,�* ����

(��96� �' >1 Z �� �� \of  � eff>L�� (� �' ��Y * ����1 �* K��
 >� ¡H� .�Z ,U�� ���� .%4Ll ����* -*\of >L�� ����1 ��* K���

 � %4Ll ��	-Y �*V,���� ���+� �H���'� �� �-�"* � �W .? �Z ��� �*
 ? =���� 5,H�* ��* �� ��	-Y �* �H���'� �� A��� * ! "�4Ll �� ! ��

 2��'��,��)�,�X� @��'�� R��: �� ? �=���� 2���'��,�� ! �� (
>� 20Y � Q �X��H �� � ,-'>�� � ¡�H� .�Z COD  �� �� 2�U Z 

>� (� ' �� ,��]\�\\[.

��8�#�+1�>
 �%�.�� 
) �>
 iB�Q� �&�5� #'��B{ �j� ��
�( 
6|3 5COD �� &� 
) !. $� �43 UV/H2O2

H� ,-���6 �� ¡H� �L�G� ��1�� ! "�4Ll �W� >$��* �	4-� �* !��B
 .�Z �COD #���$ �� ¡H� �� >� H UV/H2O2 �* >� �"1	L3� A

¡H� �� �L�G� ! "�4Ll)vfAefA\o>L�� ����1 �* K�� (�� � ���"�
 s����pH ¡H� >+��: A5,��� %�$� �* �-�"* %4Ll  * �H���'� ��

 >L�E �LZ�� ��)\of>L�� ���1 �* K�� (�	�H (* � %3� � �6 }�UV 
%6�� ���E .	6 �� ��$ �H	0H ?	L3� �� �L�G� >H �� 2U� !�����*

 �H	0H �� � 5��' !���� 5��,�H� ���	�6���=��$� 5 B��$� s�$	�  �
,�.� 0� �� �' �	: ! "L=�v�a>�� 5,� N�� (��9�6�  �* A�	��

 ��,�D� �,H � %* W  * ¡H� ��9X� ��9�� ¡H� %4LlH2O2�� �$ �

�4ZJ� 2* E �	: �* s���� >�� (� �' !� ,�* � .%�LY 5,��,) ����
 >� ��	� M�	U ��,* ��,D�  "1	L3� >� 0� �� �	O �' �	�H2O2

�	H (* � � �� �UV %$� � �=� ? �=���� ��,�+� ��X��H �� A! ��
 �	�* ,���	7 � ��=� ��H	0H ��$ ��� �� 9��H 5,� ,�1	� 2��'��,��.

�H	0H �� !��BH� ����* -* ,���	7 ��N��* 5,�-��� #�' %4Ll  * ! �
�	*A' !�	: �* %4Ll �\o>L�� ����1 �* K�� %���� �� ,�+* ¡�H�

 �� ��0' � ��o>� �&U �* �D�E� %4Ll � ,$�vf>L�� ����1 �* K��
 ��,Z �� ,+* ¡H�^f>� �&U �* �D�E� ,$�.

��D��&jZ0 ��
�( pH 6|3 5 #�1�>
 �%�.�� 
)COD $� �43 
�� &� 
)�>
UV/ H2O2

� >$��* �	4-� �*���WpH -���6 �� .�Z � !��BH� ,COD 2U Z 
#���$ �� ¡H� ��UV/ H2O2%�4Ll  �* �9�BH� 5� �� �� >1	�L3� A

��D��>ef>L�� ���1 �* K�� ��* ��-�"* %�4Ll  �* �H���'� �� � ��"�
 >L�E 2Z��� �� 5,�� %$�)\of>L�� ����1 ��* K��� (s����� ��pH 

!,�$� � >{-7 A>� �LE)\\AaAo/^(�	H (* � %3� � �6 }�UV 
%6�� ���E .�H	0H ?	L3� �� �L�G� >H �� 2U�	6 �� ��$ !�����*

 �H	0H �� � 5��' 5��,H� ���	�6���=�$� 5 B�$� s$	�  � ,� !��� .
�� �' �	: � 0� ! "L=�p�]>� 5,� N� ����A%�" K�� � ��� 

�$ �� ¡H� .�ZpH 5,� >$��* >� �LE � >{-7 A!,�$� @���� �* 
$� �* ��� ���H A%$� >� � NH 5,�� %.��Z !��* K�� � �� �',��

 ¡H� �� >-�+� %4Ll)ef>L�� ����1 ��* K�� (�COD �� �� 2�U Z 
�H���'� �� �-�"* %4Ll��)\of ���1 �* K�� >L�� (��pH >{-7 
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���T���9��E 2�-6	1	$ ¡H� .�Z ,U�� �* ¡H� �L�G� ��1�� ! "�4Ll ��W3BL �6 ���,-�UV/H2O2

20Y s����:mg/L \of =]H 2 O 2[A^/a�p/v=pH 
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���U���.�Z ,U�� �* ¡H� �L�G� ��1�� ! "�4Ll ��WCOD 9��E 2�-6	1	$ ¡H��� 2U Z 3BL�6 �� �,-�UV/H2O2

20Y s���� :mg /L \of =]H 2 O 2[A^/a�p/v=pH 
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���V�����W pH	��) (* � � �� �UV �6 �� 9��E 2�-6	1	$ ¡H� .�Z ,U�� �* �,-�UV/H2O2

20Y s���� :mg /L ef =]�9BH� 5� � %4Ll [Amg /L \of =]H 2 O 2[
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���k�����W pH	��) (* � � �� �UV *.�Z ,U�� �COD  9��E 2�-6	1	$ ¡H� �� 2U Z 3BL�6 ���,-�UV/H2O2

20Y s���� :mg /L ef =]�9BH� 5� � %4Ll [Amg /L \of =]H 2 O 2[

�� .�Z ,U�� � 5�	* !,�$� � >� �LE �� ��0QpH �� ��N�* !,�$� 
>� >� �LE ,� * .��pH ��*��* o/^�� ,�+* \o,�U�� ��D�E� .��Z 
��* ¡H�\ff � ,�U�� COD %���� �� ,�+* ^f��* ��D�E� v/o\

>� ,U�� ,$� .��pH �� ,+* >{-7 o��* ¡�H� .��Z ,�U�� �D�E� 
\ff � ,��U�� COD %����� �� ,��+* ^f���* ���D�E�o/ao,��U�� 

>� ,$� .��pH � �� %��� �� ,+* >� �LE ^f.��Z ,�U�� �D�E� 
¡��H�^/of�.���Z ,��U�� COD ���* o/eo,��U�� >��� ,��$� .

����* -*pH �� 5� &��$�  �* ��4H ��	� !��� ¡H� .�Z %" �-�"* 
#���$ UV/H2O2ApH>� >{-7 ,� * .� Q (��96��� !��BH� >�
 .���ZCOD  �� pH>��� >��{-7 ? ��=���� (��9��6� ���* ,��H�	� ! ���

 ��� �� �LU Z 2��'��,��pH �	� 5��� %��H .%�$� �'� �* K��
pH >{-7 9�H ¡H� >+��: %$� 5�	*.

8�xC( 
N� ��� �� �H  ">� � NH (&-*���6 (* � 2��	Y �� ;� ��� �' ,-��

 >0H >� "-� �* �H���'� �� ��9�BH� 5,�--' ���9X� >LU� 2� Y ,-H�	�
 �,H� �* �� 2��'��,�� ? =���� >-+��,�-� 0H ,�1	� >6 ' 5.��X��H ��

 � ¡H� .�Z ,U��COD #�' #����$ �� ���� s$	� �� �� 2U Z 
>� ,� * .� �� 2�U Z �� ��H �� D3� ����,�+�� M �D�D3�  �* R* �F� R

� (&-*���6 (* �� 2��	Y �� 5� &�$�  * ¡H� .�Z �� ��6�� M�	U
 �H���'� ��)>� "-� �* (,� * >�]\f �][.2�U Z �� ��H ��-b0�

�� >� � NH R�D3� ��� ,�� �',-���6UV/H2O2! "���� ��L0 �� 
� � ,��� 'V2� ' .�Z �� �W �� �* �-� �� �	�	� ¡H� �� ��) 

>� ,� * .�� %3� ¡H� .�Z ��9�����,�D� ��WH2O2���1�� %�4Ll A

A¡H� pH >�� �	�H (* � � �� M,� � ?	L3� ,�� * .��-�"* s�����
!��* ,�-���6 �� 5� &�$� ��	� ¡H� .�Z UV/H2O2%�4Ll 2� �� 
\of >L�� ����1 ��* K��� �H����'� �� �� )M�	�U ��* �1 �7(ApH 

� >{-7 ��� ) ! "�4Ll ,����� ����+� ¡�H� �� ��.N�� ��� �� ��H "
>� � NH �' ,-�� >��� �' �� ��) ��-�"* s����� �� ¡�H� ���9X�o

�	�H (* � �D�E�UV ��* \ff ,�$� >�� ,�U�� .,�U�� ���-b0�
 .���ZCOD �� ���) ���-�"* s������ �� ^f>* ���	��) ���D�E� e/aa

,���� ���+� ,U�� .��-b0� �� �� 5� &�$�  *���W �� M� �&�� ��� �D� 
,-���6 �� �g��,�� ,��'��)UV/H2O2? �=���� �WV�� (DH ! ��

,�$� M �W� �* ¡H� .�Z �� 2��'��,��.
? ���$ �� (H�� ���=0� � %�0���$� ����' >� ���D�D3� ��\]]f ��

 �6 �� 5� &��$�  �* A,�H��� K �XH� >*	- ! -�1�� '��	�$�,���'� ,�-�
 ��6�N�) >� �0��	�6(UV/H2O2),-���H�	� pf>�1� ¡�H� ,�U�� 

��-�"* %�4Ll ��' ,-� 0H .�Z �� !� $�l ' �H 7� ' ;� �J} 6
H2O2R���D3� �� ��pif >��L�� �����1 ���* K���� ,������ �����+�]o[.

5 BN�H�� �� ��' >� �+1 F� ��-b0� �� �� H�\? �$ �� ,�-� �	N�' 
^ffe �6 �' ��� � NH ,� K XH� �,-�(UV/H2O2)* ,H�	� >� ��	�:

 �� !��� ¡H� !�WV� 5� 0� �H��� 	��'i,�� 0H @��G� �� .%�4Ll 
�-�"*H2O2R�D3� �� ��^f� ?	� >L�� pH  ��*��* �-�"* e����+� 

%$� 5,���� ]\^[.�� �H M +1 F� 	��	 ? �$ �� (H�� �=0� �
^fff @���G� !�� �* o�* ��� 	���'�� ! �"BH� �� ��H	0H ��L��$�

 � N�H ,� �'��) �g��,�� �	SZ �� (&-*��6 �+�� �� (��* ��' ���
 
1 Annamalaj 

����� � ������� ���	�
 ���

Archive of SID

www.SID.ir



83

]f � %Y �$ ;�� �� ���0' �� > ��H �J�} 6 ¡�H� ,U�� af
,U��COD �� (�* �� �� ^����� >�� .��Z %Y �$ ]v[.2��1�

��* �� ���H ����* �	��	� ! ��"�� &� � ��* ���} Z R���D3��� 5,���� %��$�
 M,�� � 5� &��$� ��	� ��� y	H �� ��6�� M�	U �* N� M D�D3�

 �'�� y	H � �J} 6 %�&�' A �� (* � 	���) � �� M,�A >BH� M �
,� * >� >6�/� �H���'� �� %4Ll � �* �.

D�#�&? �W&�> 
#���$UV/H2O2� ¡�H� .�Z �� !�WV� w��COD �� 2�U Z 
>� �� 1� ,� *>� Q >�� ��Q� �� � (&-*���6 (* �� 2���	Y ���* �H�

 "-�>�� 5�	�H �	LF� � �"-� ��*  �"H� ��>��0H >L�U� 2�� Y ,�-H�	�>
9X��� 5,--Q ��9BH��-+>��� �� ? �����Q��,�6 �Q 5��,�H� ��* �� 2>
1	�� 0H ,�,-.

T�/���� 
����$HG� �9.�.0��!, ���.- �0i�H�1 0B#$� �9.)��8� .(”��(4� I�! � �1�(%�@$%$Q �(� % !� 0���H�(L !��k�# ��qm% 0#!��

�Q �� 0P�/�, �1�%�@$%$Q 
��(UV / TiO2 / H2O2).“��� 0F� ��I�@ J�H��9���� 0H�L 0#
 ��ZXZ ��ZXX.

�����5��� ��.R.!$<��� ��9.0���! ���.��
� ��9.)��8� .(”�
(� |(�! D(� 0�/(�1�%�@$�Q 0(��� I�! - n(��>% 0f����(# �	�(#

�Q !� 0P�/� M"�; 	� -	,$��,
��UV/TiO2.“9���� 0H�L 0#
��� 0F� ��I�@ J�H�� �8b��8X7 .

��!$6 �!�$# �9.)��8� .(”�$�% - -	, ���I�! 0f���1�%�@$%$Q n��>% � �4 �
�/@� �-! ���4 �H�� �F�#-.“���� 9���6 


L!� 0#��L!�@�0H�L �
f<��� �9��B;� ��I<��� .

4- Oppenlander, T. (2002). Photochemical purification of water and air, 1st Ed., Weinheim, Wiley – 
VCH verlag.  
5 -U.S. Environmental Protection Agency (1998). Advanced photochemical oxidation processes,
Cincinnati, Ohio: EPA / 625/ R – 98/004. P.3-23, 3-24. 
6- Georgiou, D., and Melidis, P. (2002). “Degradation of azo –reactive dye by ultra violet radiation in 
the presence of hydrogen peroxide.” J. Dyes and Pigments, 52, 69-78. 
7- Masschlein, W. (2003). Ultraviolet light in water and wastewater sanitation, 1st Ed., Lewis Pub, 
Washington DC. 
8- APHA, AWWA and WEF. (1998). Standard methods for the examination of water and wastewater,
20th Ed., Washington DC. 

O���$HG� �9.�.0��!, ���.�-0i�H�1 0B#$��9.)��8� .(”�� 0P�/� V���; 0I�! �����/6 ��NI�! 9$�#�
�/@� ����!-��Q

 ��Q�<�6 �!$�)� �1�%�@$%$Q - 0���H�L $%$Q ��4
��,�Q.(“9���� 0H�L 0#
��� !� 0F� ��I�@ J�H�� ��O�X��O7b.

10- Edwards, J.C. (2002). “Investigation of color removal by chemical oxidation for three reactive 
textile dyes and spent textile dye wastewater.” MS thesis, Virginia Polytechnic Univ., 4-8, 43-44. 

���!$<��� �9.�-0i��k�R.!) .��8� .(”�
� �Q �	�#,�#� |�! doh 
�� 0�,
O9S-!
�4 
�/@��6 !$}h !� ��$1, ����, 	� 

!$� 3��% MG%UVC.“9���� 0H�L 0#
��� 0F� ��I�@ J�H�� ���ZX�����.

12- Muruganandham, M., and Swaminathan, M. (2003). “Photochemical oxidation of reactive azo dye 
with UV/H2O2 process. ” J. Dyes and Pigments, 62, 171-177. 

 

�������	�
 �������� � �� 

Archive of SID

www.SID.ir


