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Abstract 
The Anionic detergents are synthetic organic chemicals used in high volumes in household cleaning products. 
Alkyle benzene Solfunate (LAS) detergent is one of the most widely used anionic surfactants due to excellent 
cleaning properties. LAS can be toxic to aquatic organisms and bio-accumulated in some fish,and eventually 
spread through ecosystems using food chain. Thus it should be removed from wastewater before discharge direct 
to the environment. Photocatalyst degradation process is one the advanced technologies in removal of organic 
materials from water and wastewater.The aim of this study was the applicability of photodegradations of anionic 
detergent by use of TiO2 nanoparticles and their change in to the nontoxic materials such as H2O and CO2 in a 
slurry reactor. LAS solution (10mg/L) was prepared and in separated stages was exposed to UV and TiO2 and a 
combination of them. Also the effect of initial LAS concentration, TiO2 loading, pH and various type of UV 
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irradiation on degradation rate were studied. Maximum degradation was obtained at acidic pH, 50 mg/l of TiO2
and 30 min irradiation time, It was also found 99.5% of LAS was degradated in optimal conditions. Kinetics 
analysis indicated that photocatalytic degradation rates of LAS can be approximated by pseudo-first order model. 
The mineralization of LAS was reported by measuring the initial and final COD of illuminated solution. Based 
on the results, UV/TiO2 process may be effectively applied in LAS removal in low concentration but for high 
concentration not recommended due to economic reasons. 

 
Keyword: Photocatalytic Degradation, LAS, UV/TiO 2, TiO2 Nanoparticles. 
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 �*4 .��*:�% �
���*��% ()*�& �����)x*�W ��*	

��: 8��.�'
 ��� #4
 �
�% �4�% ���%�R M'��� ��5&]!`[.
P4�*�@ �� �7% �N;�� �� �*	 ��TiO2�*% 0*$� �+4��*� �� � �4�*F��

�: 8��.�'
(@
 �C���a )�*:K���*� �!8�	�*5� �*� ��*: �
�*H�
 @
 �0$a�� ��$�%LAS ��pH ��� �% ��$'
TiO2�*� �*: QI*�

 #4
����
�� �%��' �NE b*'����� �4�$D$: ���LAS ���*: �
�*%
 ��� �% /�:TiO2�:�%]!>[.QI� �O$�� ��LAS s,*' ��� �*%

TiO2Y5a )%�= � 0$a�� ��$�%�b*$��� @
 �*� ���*�@ .�*'
 �*:�
UV �TiO28��.�**'
�**� ��**: ���**� @
 �**C���a!8�	�**5� 0**$�

�� (��: �%
�% ��a P��
� �E�' �%�\��.��: ���9�	 b*$��� �� 
UV !?U � -
�TiO28��.�**'
�**� (��**: P�**�
� �E�**' �**%�\

W�% ��$�% )4�B� 
)��� �40O� � �'LAS 8���� /��@ �� V�O�
 ���
�� ��: #4
 ������
�� �%Y$H�*�� 0$ �*��& �NEUV #$*D	 ���*]

��w$��
 Q � /@
 �$\�� �$ �� x�W ��� M'�� �� �:�% �
����*:
����)!.(

Q7	2F~�40O� LAS jN�S� M4
�: ��� 

)��!�$ 
RA8SLAS 

)mg/L(
���TiO2

)mg/L(pH ���* UV 
(W) 

R��6 R��0 
)10-3 min-1(

F�C�%-*LAS

!~!!UU��$'
!>L
!~K!UU�G��!>L
!~L!UU�4�$N=!>X
!~X!U?U��$'
U∗?/U
!~?!U?U�G��UNR∗∗

!~_!U?U�4�$N=UNR 
G��0�UV

K~`!U?U�G��!>KU
K~>!U?U�G��K`KU
K~c!U?U�G��!?U?U

M���� �0�TiO2

L~!U!U!U�G��!>!`
L~!!!U?U�G��!>K!
L~!K!U!UU�G��!>KU
L~!L!UKUU�G��!>KU
L~!X!ULUU�G��!>>/!c

T�C�<7� RA8S �0�LAS
X~!?K?U�G��!>_K
X~!_??U�G��!>?_
X~!`!U?U�G��!>KU
X~!>?U?U�G��!>!!

U��0�pH
?~!c!U?U��$'
!>LU
?~KU!U?U�G��!>K!
?~K!!U?U�4�$N=!>!_

∗P%��@
 8��.�'
 /��%UV �+4��� �� �∗∗�5� 8�	�5� �&I;)no obvious reaction(
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��% �$\�� �'��% �
�%TiO2�*] *�@P4� ��*	 ��*F�TNJ @
 ��*+�
) jN�S�!U(?U(!UU (KUU �LUU �*N$� �*�$  �� V�*� 8��.�*'
 (

 .�:/�D	 ��] @
 �� )�:L8�	�5�����: s,*' @
 ��W�*% ��?U
�N$� (��$  �� V���� �%�\ 2I; /
0$� �*�; ��W�% �4��H� �� � ����

 �**� P	�**� �**�0� /
0**$� �**% �**� �**'
 / @
 ���**; �4�**�� .�**%�4
/���& �TNJ �� ����@ V@W ��	TiO2�%?U�*� �*'� �*% -��*6 

�� QI� )��� ���:]!c[./�D	 ��] �*� ��*T��
 �� P4
0*&
 �*% ���
 �TNJTiO2@
!U�%?U(�4�' 0*$� y��*'� �� 8�*: ��*7& ��	

�� P4
0&
 �*'��'� �$N%�= � ��%�4 /�*+� ��*	 P4
0*&
 0*$� ��*7&
�**� �**%�4.@
 ��W�**% ��**F�TNJ ��?U�**N$� �**�$  �� V�**� 2��**�


��7� /����
� #$% ��
� ��*% P4
0*&
 � ��
�� ���� 2I; ��	TiO2

m�*.� ��$ ���� P4
0&
 �% <=
� �� .��
�� P��
� /����
� �% ��$\��
 P	�� ���� 8�: ��7& YO; #4
�%��% � ������%�4 �
�*H� <=
� �� �

/�$���n'�' @
 �D�TiO2��7& �*� ��*:]!> �!c[*% .��� 8��*E
 ��% ��4@ �
�H�TiO2��*5$%TiO2�*% ���*��% �� �*$ �
 8�*: ��*7&

�� ��7&�$J �4@ P��
� fB] ��$ ���� �4�� � �; ���: 

TiO2
∗+TiO2 → TiO2

# + TiO2 )!(
�� �� /

TiO2
∗� �**'
 �**$ �
 8�**: ��**7& �**�$ ���� /�**D	 <*=
� ��TiO2

#

� /�*: �*��N� #$�CD	 .�'
 8�: ��7&�$J ��$ ���� � �9�*:�B�

�***� ��$***5�TiO2q�***.�
 �***�$ ���� ��
I***���% ��***4@ �
�***H� ��
�� ��&
]!>[.

HP@M~��% �$\��TiO2���$ ������& �40O� �4
��� ��� �% 
)LAS )!U�N$� ��$  �� V��(�pH (��N�� �$ �
 

M�G��0�pH 
� Q �$.3� �� �&(Q�RpH pW�D7� ��*5$% �� �*� �'
 ������&

8��4W 2I; ��� �% �	��4
�& *� �*	�.�*'
 �\pH ��*N�� �*7$B]
 ���**;!U�**N$� �**�$  �� V�**� @
LAS �**G�� ���**; ���**'
 �

/�D	 ��] @
 �� ���� !�)�:X8�	�5� 0$�����*: #*4
 ��pH 
/��@ �� !)4�B� /
0$� �E�'LAS �%-��6 )��� �*'
� .#*4
 �

�% 8��E �7 �,�pH P4�*�@ 0*$� �@�% � ��$'
 s,' �� �� �G��

�: V�O�
 2I;.��pH �@�*% � �G�� �% �B�� )4�B� /
0$� ��$'

<4�' -��6 ������*$� )*��� 2I*; ��*�D� /�*�@ �� <*=
� �� �
LAS �� q�.�
 �&
�.6 ��% �,H� .�1v4���� V�& �
�%TiO2��pH 
�%
�%K?/_�'
H� )�*4 �.*6 ��*%) ��*% /��*% �*,pzc�� ( �$*��


Y$���$�e��pH �%
�%>/_(�'
.#$4�*� � ��W�% �� #*4
 @
 �*�pH (
s,' ��%TiO2�4@ �,%
� f%�,��%�*.�� � �BG� b$��� �*'
]!! ,

!>[.

TiOH + H+ ↔ TiOH2
+ )K(

TiOH + OH- ↔ TiO- + H2O )L(

s,' #4
�%��%TiO2QI� � �'
 �BG� ��% �
�
� ��$'
 M$�� ��
 ���$� 8��� f4�] @
 ���$� ������&��'SO3-�BG� s,' ��� �%

TiO2��pH �;
� ��$'
 q�.�
 ������&
]!c[�� .pH �a�k �*�
 @
_QI**� (LAS �m ��� -
TiO2�**% /
�**�E �**O$�� QI**� @
 �


 g$���'
���+ 
TiO2�% �BG� ��% �%LAS �� .�*'
pH �*7&
� W�*%
 s,*' ��*% #$*% g$���'���+ 
TiO2q�*.�
 ���*$� ������&��*' �

�� ��&
]!c �KU[s,*' ��� �*% ������&��*' QI*� g*: /��% .
TiO2#%�*� Y*�
 � )$*�����$	 ��+4�
� #$% P��
� P4
0&
 lE�% 

/0*�% �HN; �� �*� ��*:]KU[�� .pH ��0*% @
 �*�>/_�*� �*O� @

��+ �� ��*	 LAS �*� �*.�� ��*% �4�*$N= M$*�� �� ��*T��
 (�*��$�

�� ��� ��*F	��� ��$*��
� P4
0*&
 @
 0*$� /�5%I�TiO-s,*' ��
 **% #4
�%�**�% .��4I**n% �$\�**� (���**'� �**D$��(�BD �**� �**7&
� �,**'
�

������&��' �	���$�-��� �% QI������:]!![.

HP@T~�$\��pH ���$ ������& �40O� ��4
�& �4
��� ��� �% 
)LAS )!U�N$� ��$  �� V��(�pH (��N�� �$ �
 

�5S% �\
pH �*% ���$� ������&��' 2I; �� ��*�$ ������& i��
HH�� M'����*'
 8�: �$4�� 0$� �94� /]KU[.#$*�CD	 8�*: �*%�\

 / �� �$$z� �� �'
 �
�*� QI� �4��
�� �� �$$z� lE�%2�*	 �* 
 s,' ��� �%TiO2�� ��:]!>[.

1 Point of Zero Charge (PZC) 2 Degussa P25 
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M�M�C�<7� RA8S �0� 
�**% ��**T�� �$\�**� �**'��%��**F�TNJ �**$ �
LAS @
 �**�4
�& ��� �**%

 ��F�TNJ?(!U�?U�N$� .�: 8��.�'
 ��$  �� V�� 8�: ��
�
 �4���
�� ����!�� /�5� �*� ����@ P��
� �E�' �%�\ �� �	� �*TNJ

LAS @
?�%!U��(�'� P	�� M4
�: �4�' /��% �%�\ �%���%�4 .
/��@ ��!?2I; �H$=�LAS �*TNJ �*%?�*N$� �*�$  �� V�*�c?

�6���'
 �TNJ �
�% �� � �;��!U�?U�%b$��� 2I*; �6��
>X �X!�6���'
 �TNJ ���4
 �% ���� �% . ��*+4�
� �*	 �*$ �� �

%
�% �F �N�� �D	 �� 8�:Y� �TNJ �% ��N�� #4
�%��% 8��% �LAS  �*%
 �*% �B*�� ���*5$% )4�*B� /
0$� )$�����$	 ��+4�
� /
0$� /�D	

 ��*� �*	
�� 
�*$� ����*4@ �*TNJ �*% ��N��.�*N�
�� (�*94� �*NE
�,'
� -W�3�� �40O� �] �� �'
 �
��+ �� ��	 LAS )$+5�

 �W�*% ��*F�TNJ �� .�*'
 8�:LAS /�*+� ��*	 (��*7& �*% N$*'��
/�4 ��	 LAS �'
 8�: 8�$:��.�$ �� �O$�� ����+4�
� �*	�OH•

P	�� ��$ ���� s,' ������*%�4]!c[�W�*% �*TNJ #$*�CD	 .
LAS /���& ��5$% �	�*� QI� 
� /�*��& �*O$�� �� � �*�� �� ��*	

 /��*� ��7& �
�% y��'�TiO2P	�*� �*� .�*�%�4 /
0*$� #4
�%�*�%
���D� �
�% /��@ g4 �� )4�B� 	�*	
�� ��*5$% �*�D� �*TNJ �*% ��

��%]!>[.

M�T��5	+! ��%�! ���6 
�% �40O� @
 /��$D]
 ��T��LAS /�*: ���*7� ��4
�& �+�4
 �LAS 

��$7� @
 ��&�� -��6 �40O� #4
 �� COD �
�= ���D� � �: 8��.�'

 .�&�� �
�= �'��% ���� ��$F% M4
�: ��� ��&��/�D	 ��*] @
 �*�

 )�:?8�	�5���:��/�*�@ �:I� �%COD �*% ��$9D*5a ��*]
 P	����.�%�4 /�: ���7�LAS /�$*'
�$��
 ��4
�& �� �*� �*�
�� 

�� �*% ��0�% �HN; )4�B� �% V��� 8��*� )4�*B� � Q � #%�*� �$*��

 �**:�% -�. �**' �**% �$. �**'.{�**R�� #**4
����**	��� �**��%

� �%�5� �4�$D$:��&��'
 8�4��� �$4]K! �KK[.

HP@U~����7� /
0$ P	�� � �@�'LAS 
)LAS )!U�N$� ��$  �� V��((

M�U�VW�� �� ���,�<�*�����5�5 	�'���� X��'��6 �6���
LAS 

) �+$��$*' ��	���
��� #$DS� �
�%k , n((�*,%
� �*��� �*% n V
 �*%
#4
 �'
 8��.�'
 ���� )+: 

-rdye=-dC/dt=k .Cn )X(

�,%
� #4
 �� �k 
k�*40O� /
0$� �%�\LAS b*�;�%1/min .�*'
 �+$��$*' ��*�

) ��
 ����n=1% (�8�
� /�5� �4@ -��6����: 

-LnC/C0=kt )?(

)�**:_(-LnC/C0 �
�**%LAS )**%�H� �� P%�**� /�**�@ 
�/�**5�
�� .�	� 

/�D	 ��] �� �� )�:_8�	�5� �*� ��*: �*TNJ P	�*� (LAS �*%
�� ���$� �,� ��9 
 g4 @
 P%�� /��@ �:I� *% #*4
 .���
 �#*4

��7� 
�*40O����� �� ��
 �*��� g$��$*' �� �' LAS 
�*�
 )*%�= 

.�' 

HP@Y~#$$7�g$��$' �40O� P��
�LAS 

T�C-��5 ���J 
� #4
 �� ��*�$ ������& �*40O� �*�4
�& f*$H�LAS ��*��
� g*4 ��

 @
 8��.�'
 �% ��'�$���-
�m ���� TiO2�% -��6 ���� /�$���n'�'
 �4��� �% ���� �% .�&�� �
�= �'��%�%�'� �*% 2I*; �4
��*� 8��

 ��% P4
0&
TiO2�W�*% �4��*H� �� � ��*:
�� ��$$z� /
��aTiO2

�% � P	�� � -���� ��O4
 �NE �4
��*� ��*N�� )*� �*% ���*'� ��
 P	�� ��4
�&��.�%�4 @
 )*6�; 8�*: i@
�% ��� M'�� �4��� #4


�� � �: �$4�� 0$� ���� 0$ �� �7� -��.� <=
��8��.�*'
 #$*% ��
�
 j*N�S� ��*	��% @
TiO2�*�4
�& �4
��*� ��� �*% �*% /
�*�E �*$z��

) �:
�� ���� ���%
�Pv>0.05.( /�*5� �4��� #$�CD	
���*�pH 
�*� P4
0*&
 
� ��4
�& �4
��� ��$'
 �*TNJ P4
0*&
 � �*	�LAS 

��4
�& �4
��� P	�� lE�%��.��: ���*� 0$ �*� M'�� �4��� #4

 0$ �*� �*O$�� �*% �*��� �*% � �*&�� �
�*= )*$N�� � �*40O� ���� 0$�

 ���%
� ��	�$z�� �$\�� �� ������a �,� /�$'���pH �*��� /�*�@ (
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� �*� /�*5� 2I*; �4
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�& �4
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� �$\�� #4��5$%

 �4
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 8��.�'
 �% 8��!>�� -
�
pH /
0*$� (��$'
TiO2?U �*N$� �*�$  �� V�*� /�*�@ �LU�*H$=�

 �TNJ �
�%!U�N$� ��$  �� V�� LAS /
0$� �%?/cc�*6�� ��*% .
M**'��� ��**5& x**�WUV /
�**� �**%!?U 
� �**�4
�& �4
��**� -
�

�� P4
0&
 �� P	�� 
� �40O� /��@ � �	� P4
0*&
 l*E�% � � �	�
��N�� ���� ���% ��: �*k ���*] 8�*��� g*�� -
0*$FO� �*% @�*$�

.�'
 ��� �*% Q�*'� )$+*5� lE�% x�W �W�% -�
�; #$�CD	

� ����� 8�
�� 0��
�� �&������: -
0*$FO� 0*$� ���� #4
 �� ��
��� �'
 @�$� ���� 8���� �lE�% ��0*% y�*$H� �� �*�40	 P4
0&

�**� ��**: .8@
�**�
 ��**$� COD �**� �
� /�**5� �**�$F% M4
�**: �**��

���7� �@�'LAS �%V�O�
 �%�� �*� ��*: �*% �*��� �*% {�*DO� �� .
 �4���8�: )6�; 8�4�����: ��& �*40O� i�� �� ��*�$ ����LAS 

*� � b*'��� ��$*�% Q @
 #$4�� �TNJ �� 8��� #4
 2I; �
�%��\
�'
 #$4�� ��4
�& �4
��� W�% ��F�TNJ �� � ��'
 /�*�@ �% @�$� �

.��
� W�% ��40	 �O$�� �� �
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