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(
13;+� *�� .����B.(Asgari et al. 2013; Sidmohammadi et 
al. 2010) 
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��%P _����� ���%	 ��N 5�:&��<� �)��
1���%	�1'# ���� ��
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�� .(Rahmani 
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vF%��- ���� �$��� D$��� �5�1��n� &����$��*�)��
11,-���.M���G� �
e�
B �2&E
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11�'# �$Y#
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�&� ��1P*�
2&�E*��*��1�"��=�c )!�gP*���+# �^
��- �X��&���) �1�� ��
�81�"�*$)��[� .(Li et al. 2009; Eker & Kargi 2008) 
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�� ��
%P TN�D$% ���"
��� ������ �&E�%�� D$�� $�)� .(Safari et al. 

2015) 
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��Y� ������ ����'( 1�#�$��  ��$��:� ����"

���N
)$*t/p�
'*91����
5��])�E��# R���H �� �N ��$:� � 1&
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�����+�
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��
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�1:� D$� �B� (Wang & Song 2006).
e�� "�� *P
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� �

�B�$
�#� �R
�i1� 
R[8 ��3�1# � _�=	 �

B�$
�#� *��
+
� �B� .(Eker & Kargi 

2008; Chen et al. 2013; Chauch & Tugan 2012; 
Abdelwahab et al. 2009) 
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�� ��12�<��mH 
�B� �&	1� ��1� .��T ��"LED �����
"��<	��
) D�2&�B� ���"
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_�:&)� �.��1�&;�� ��
- �
$����\+� D1�F  ���*���$�)�� 	1W �
 �

�*�
� �)�&H �#
�#� �
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`%l��6TiO� + hv → TiO� + (e� + h
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`%l��LTiO�(h
) + H�O��� 	→ 	TiO� + HO°��� + H
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`%l��@TiO�(O�) + O� → TiO� + O��°
`%l��IO��° + H�O → HO�° + HO�
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 �$�TiO2�� ��-�# ��
%P
\��� �
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\��1&)��B D�2&�B� ���F
��� ��� V
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8
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�
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i �� ��+�N�pp D��$)� 1&�
)�) �
1"�%�+� .$
3���
��%� 
���$)�
1"�
���# ��\*�1	��)$=� �� $%*��B"�N ���*��$:� ��)
+)

 `����#COD �1��� ����� 4
R���&# �+=���
&��B� |���B� 1��� � ���%
 e�� �� $&� ���$)�&B��rrp D��$)� �
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WEF 2005) 

7>�3_`��T 5�QG<�UV-LED `��mH 3�� �� D��F&B� ��
� 
Table 1. Characteristics of UV-LED lamp used in this 

research 

 
f`f`P����VD ��HnDpH �'���� ����!g ��UV-LED/TiO2
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�%� B�1�*-On
1pH 1	 1���$%"$
B� �
 �) ���� *�%E "���� �
pH����"q�x�ssR���G&)�$������)
+) . ���� ���� �����n ����'(�p
�
'*� 1�� 91��
1�& r�z�"��%	�1'# ��"��#�
$-
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Value Parameter 
390 nm wavelength 
20mA ampere 
1 mV Φ
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0.2±4.82 diameter 
0.2±8.7 length 
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Fig. 1. Schematic diagram of UV-LED reactor used in this research (1. UV-LED Lamp, 2. Magnetic stirrer, 3. 
Plexiglas reactor, 4. Water circulation tank, 5. Water in, 6. Water out, 7. Quartz sheet, 8. UV-LED, 9. Power 

supply) 
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# ����(y��T ( UV-LED t��[b- fY%� ( 

�
��#��$
$s/p)���1�$�� D��F&�B� _� .(Hemmati Borji et al. 
2011; Rahmani & Enayati 2006) 
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'*91����
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�� ��0�  ��%
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B�1� �:*$�.(Safari et al. 2014) 
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�!��'���� UV-LED ]TiO2>UV-LED/TiO2

�� ��3`��mH B
&%
.�`%#�� �� �
�%� �-
�-��P!i�*����
��
���
P ��1n1��P1B D��F&�B� �� `%#�� �� ��B _$�� ��8�� �1F�0 
�8�� _�� ��8�� �YB�,� 9�� $�.(Asgari et al. 2013) 
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-O5�1

b- 1
npH �%��� �� *�N D��� Z[  �� _
',�q�-ss��
��
 �;�� �� ~���&) �# �	1� ��1� *B�1�r1�� .��B� D$�� D��� ���<)

 �;� �� D$� �u��� ~��&) |�B�r`��\	�pH *�����# `���# KYB
 Z[  �� $%��1	r�z"�� $� �%	�1'#��� �# "
,) �� K
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�
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2009; Wang et al. 2007) 
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`%l��?O��° + H
 → HO�°

`%l��JHO�° + HO�° → H�O� + O�

`%l��kHO�° + HO�° → H�O� + e�

`%l��/HO° + OH� + O� → H�O� + O��°

%�+�
�� 3�\	��`pH ��#�1- ��
���"�
��#��$
���
��\ �
�F) 
�
) UV `��# �*�$�� (Kashif & Ouyang 2009) . ��&) ����<��~

��3`��mH �*<��mH �� ��_�B rpss $� D��� ��<) �� �# Z[  
��-�#
&	
&�*r�z�"�%	�1'# ���\	��`pH ���#*�Z[  `���# 

�*�$�� .(Thongkrua & Ratanatam skul 2001) 
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�

#1-
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$"D���&	� ���F-�
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Fig. 2. Effect of pH on 2, 4-DCP removal in TiO2/UV-
LED process (TiO2=0.012mol/L, 2,4 DCP= 50 mg/L) 
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Fig. 3. The effect of TiO2 on 2, 4-DCP removal in 
TiO2/UV-LED process (pH=3, 2,4 DCP= 50 mg/L, 

Contact time=180min) 
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Fig. 4. The effect of initial 2, 4-DCP concentration on 2, 
4-DCP removal in TiO2/UV-LED process (pH=3, 2, 4-

DCP= 50 mg/L) 
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Fig. 5. The effect of ionic intensity on 2, 4-DCP removal 
in TiO2/UV-LED process (pH=3, TiO2=0.012mol/L, 2, 

4-DCP= 50 mg/L, Contact time=180min) 
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Fig. 6. TiO2/UV-LED process efficiency on COD 
removal (pH=3, TiO2=0.012mol/L, 2,4-DCP= 50 mg/L, 

Contact time=180min) 
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Fig. 7. 2, 4-DCP Removal efficiency on TiO2/UV-LED, 
UV-LED and TiO2 processes (pH=3, TiO2=0.012mol/L, 

2,4 DCP= 50 mg/L, Contact time=180min) 
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