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Abstract 

This research investigates the photocatalytic activity of mechanically alloyed graphite-iron-

titanium powder for the removal of Eriochrome Black-T dye pollution. The structural and optical 

properties of the alloys are evaluated by X-ray diffraction (XRD), scanning electron microscopy 

(SEM), X-ray energy diffraction spectroscopy (EDX), and ultraviolet-visible spectroscopy (UV-

vis). X-ray diffraction measurements show that after 35 hours of milling time, the intensity of the 

element’s peaks decreases, along with the increase of peaks width. The average iron crystallite 

size is estimated to be approximately 50.8 nanometers. The morphology of the alloyed powders 

shows that the particles are flattened and plate-like in shape, which is suitable for absorption and 

photocatalytic activities. Fifteen photocatalytic experiments are designed to remove dye 

pollution; the optimal dye removal’s parameters for pH, lamp power, and alloy dosage (g/L) are 

obtained using the combination of artificial neural network, and genetic algorithm (ANN-GA). 

With optimal conditions, the maximum removal rate is determined to about 86.4%.   

Keywords: Mechanical alloying, Photocatalytic degradation, Artificial neural network, Dye 

removal, Carbon-based alloy
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1 Photoexcited electron-hole pairs 
2 Rhodamine B 
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3 Methylene Blue 
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3 Maud 
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�+� U V�7� �c2� POQ ��  �G� �/2:*�b� 	  ��
�+� @8�+� N	� .;2��� c2� POQ� b4��0 �+� U 
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:� ��+[ %�B� 	 �+� �;2+�=rg8�b� H��& �� ���
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4 Artificial Neural Network (ANN) 
5 Artificial Neural Network and Genetic 

Algorithm (ANN-GA) 
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-[ \;� ���,:�2 ��Y4� �&�;2� >  -� �� �� .;�?�
 H��& � ��?����' ����, \;�-[-� v	+� +]�*A ��� 
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	 0�' +]�*A �, ����� @8�2���4�;� 0G� 	 \;�.;2� 
:� H�12 0 �;�� � +]�*A 0 �-� �2+, �8a	 %A

 :F��-� ��� & ;Q �4�;�' �� ;��a p83� \�8];2� .
�S+2� +x2 &� �*,�	 >  �@��2� :2��& :/4 + O�

:�+s� +� -, �8�  \�+��u4) +��, ����� �S+2� H' @��2�
.�8� (:Y*� :�.��2' -� -a84 �� + ��/��S+2� ;28�� ���

�4� %Ya -��1�+�o ���,� �;� +�� p	;a1@��2� � 
 0�� �*,�	 @��4H�B�� +]�*A:� + O�.;��� 

D-1E1. �S+2��4� %Ya ;28�� ���+� -��1�+�o ���`�Q 

)J/molk( ����� &� Fe ،Ti 	 C ]28[.   

+]�*A Fe Ti C 

Fe  -  71-  50-  

Ti  71-  -  109-  

C  50-  109-  -  



   ����� ��	
� ����� ��������	� ���13����� �3�� �� �1402                                                    6    

 

�8� � N	� &� ���Y��� �� �B � 84+� N�+� ���8C.� 	 ;.
���?� @+2 �8��� -� .%�� �;� N&�+�-28�2 �8W<B� �3 

 -28�2 N�+� �8C.� N&�+����'  �� �;�35  �� %A��
:� H�12N&�+� 0 � �� .;��� wpR  �;2���[�� �8�,�? �

		 �;� H& expR �8�,�? � �;2���[��-� ���x�2� ��8� `�4+4

�� +��+� 65/3  	9/2 :�;*���.  ��G2' %)�2expRRwp 

�� +��+� 81/1 %�� �	;3� �� -,� ���� ��+[ :)��*�1. 
&�;2�� N&�+� 0 � &� <]�Q 0�' ^�8� 8/50  +��82�2

 N���=%�� �;� .  
  

  
?3@3.  N�+� �8C.� -28�2 �B � 84+�35  %A�����' ���,

��8�� ���?� @+2 U�84 H' N&�+� 	 �;� .  

 0 � ���|�/34  &��&��8C.� B)�� :A8*6� :)6A 
��+� ���� :��C1 ��&' + ��/� :*��-��	� @+2 ���?�

.;� ���Y��� `��  0 �8C.� ���F�� 	 (��84 D��� +� 
B)� 	 ��u�� ]� �� ��� &� .%�� �;� �*� :)6A :
:� N	� 0 �-� H�84��� ��x2 0�� ��)4�� ��� � �:*��

����-*�G� ������� 0�� � ��4 \�;[ 	 �&���+, ����� �� 
]29�30[   

-���8x*� 0 �  ���2�� � ��&'-� @�;, +�H��& \;�2 
 %A��+�u�� -� �� �pH �H�84 ��g (\�	)  ��;/� 	

?884 %��.�4�, 	 @��2� (+��. +� @+=)�-��	@+2 ����?� 
:*�� `42 }i� -� �� 1- �0  	1+ ;2;� :Q�+W .
a);p	2 .;�*�)� ��(  -, %�� +,� <��[ �� -, :� ��2

                                                           

1 -�8�,�? -� �;� H&	 �;2�� :[�� �8�,�? %)�2 �k8F N&�+� >  �� 
 &� +�By8, ; �� ��x�2� ��8� �;2���[��2 .;���   

��&' :Q�+W�	' �  D��� +� %�� �;� ��
�&�;2��+�= ���:K+� :�*� V�W-�Y*��+? :�;���.  

-� p�Q-*�G� \�)��3� ;2	� �+� �� �8? + ��/� :�� 
��Y���� B)� ���F���  :)6A-, �-��	 � -)ba�����  @+2

`�� ���?�3 :� @��2�:� ��8�� &��+�v82 &� -B)� : 
forward backprop-feed :� k�7�2��8� ��;b4 �
� :a	+F 	 ��	�	-��	�	 �� +��+� `�4+4 -� ���

+�u��(;2;�+,� g�� ��)  :1 ��&' + ��/� 	 +� ��+�
���2��  � ��&':�;��� p	;a)3 ;�*�)� ��(.   

D-1E2.  H�84 �V�7� }i� -� �� �;� :��+� ���+�u��
\�	 `�Q+� :���82 )W(  	+� %��.�4�,848? ��;/� `�Q

)g/L( .%��  
 

��9!?9��! �,  Coded levels  

1-  0  1  
pH 3  6  9  


����� 7���  20  40  60  

 ����������� ��19!  4/0  6/0  8/0  

  
 (��4 ������ -)ba ��training  �� +��+�TRAINCGP �

 (��4adaption learning  �� +��+�LEARNGD  (��4 	
performance  �� +��+�MSE :� ���� ��+[  .�8�

- g ��;b4 0�*z�� �� +��+� ��2 � properties  +��+�� �
1layer  ��;b4 �neurons  �� +��+�8 � p�/�2� (��4 	 +��+

 ��LOGCIG :� k�7�2� %[� :��+� ��+� .;28�
B)�� + ��/� �:A8*6� :)6A Training)(2R 	 

)All(2R  �;� {�+7���-, �-`�4+4  �� +��+�99999/0  	
99455/0 :�� 0 � H�8� > ��2 .;*��� �;A -� + ��/1 

;*�� H�12�  H�8� `��*�8C.�� -���, :� -�?�;��� )

<B�4(.   

2 Minitab 
3 Matlab Toolbox 
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  ?3@4.  ������8�2(Training) 2R  	(All) 2R �- &� �;�' %��
`�� ����� -)ba.  

D-1E3 .��� + ��/� 	 :��C1 ��&' E ��2 	 � ��&' :Q�+W :*��
�;� -���	� B)�� p	;a) :)6A2(.;�*�)� �� (  

  

  
p

H
�,)

1(
X

 

�, 



��
��

�
 

X
(2

)
   �

�1
9!

 �,
 �

��
���

�
��

��

X
(3

)
 

 �
��

 1
H

��


�
��

+,
�!0

�
 

 1
H

��
 


%�� 
I

�J

 ��
 �

��
A

N
N

 

1-  1  0  8/46  8/46  
1  1  0  50  9/53  
1-  0  1-  6/39  6/39  
1  0  1-  9/36  9/36  
0  1-  1  6/44  9/44  
1-  1-  0  8/38  8/38  
0  1  1  9/53  7/53  
0  1  1-  8/51  8/51  
0  1-  1-  2/34  1/34  
1  1-  0  1/16  2/16  
1  0  1  1/49  1/49  
1-  0  1  9/46  9/46  
0  0  0  8/44  9/44  
0  0  0  1/44  9/44  
0  0  0  9/44  9/44  

  
 :��C1 ��&' + ��/� +C � P+W &��- ��2 �;�' %��

> ��2 ����� -���� + ��/�:� �;� :*��;���. )p	;a3 
(.;�*�)� �� .@+2 :a	+F E ��2B)� ��+� `�� ���?�� 
6� :)6Ap	;a �� :A8*4 ;� ���� � ��2  .%�� � 

                                                           
1 Weight and bias of hidden layer 

:a	+F 0 � ��:� �� H�84-� > .��b��  < ;)4 :w� �
�+,  (��4 -, ���+�u��B)�� :� :A8*6� :)6A;���: 

)bb)](X)(X

),(X[IW(sigtanLW(pureliny

2132

1




     2

 

-, )1X(  �)2X(  	)3X(  + ��/� ��	�	�� -�) `�4+4
pH ��� ��;/� 	 ��g H�84 �� �(%��.�4�,848? IW  	

1b �-	 H&	 `�4+4 D� ��  g� H�G*�1 �LW  	2b 
�- 	 H&	 `�4+4D� �� - g��� :a	+F2 :� .;*��� ��

�([�	  0 � &� ���Y���� ��+� -.��b�- %��' U �+� H��	
� %��.�4�,848? U�84 c2� POQ -*�G�-��	 �

.%�� �8,O� �� �8C.�    

D-1E4. � - �� 	 H&	 ���+�u�� + ��/�-%�� B)� &� �;�'� )6A :

� ��+� :A8*6�-.:w� � (��4 H��	' %�� 

b2  b1  LW  IW  
 

 

 

 

15597-  

6/5  4/3 3/0-  8/3  1/5-  
6/4-  6/2  6/1  5/4  2/3  
3/3  8/0-  5/3  6/2-  6/2-  
8/0-  2/0-  2/2  4/4-  9/1  
3/0-  9/0  0/4  1/0  3/2-  
1/3-  4/0-  3/2  9/3  7/2-  
7/4  9/0-  2/1-  4/4  1  
2/6-  4/1-  4/0  6/4  2/2-  

 

 

N	� 0 +�G� &� :B  >��2S �� �8C.�� ��+� ��- %��
 ��+� -*�G� U �+� H��	'�8C.� B)��  :A8*6� :)6A

:�.��b� p�Q .;���� -� g�� �� -, :w� � �;� ����� H'
B)� ��+� 	 �8�� � :A8*6� :)6A- �� �;�' %��

�-��	� :� -*�G� >��2S �� �8C.�([�	 �� -, ��*, �� H�
B)� >��2S �� �8C.� 	 `�,+4�  :A8*6� :)6A

)ANN-GA( %�� ]31[ .  

 >��2S �� �8C.� ��2 -)ba U�84 �����@+2`�� ���?� 
 �;� �+a���%.  >��2S �� �8C.� %3] 	 %[�

2 Weight and bias of output layers 
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�-��	�  ���+������nessfit-best 	fitnessmean  
:� :��+� 	� 0 � -y +� 	 �8� ��;/�-� +C ;B 

 ;*��� +�B ��2-� �8C.�-�?� ��,  %3] 	 %[� &�
+�1��� :� ����8F+� .;���/��� �8? + 8C.� 0 � �� 
 +��+��� 1/15592 -�.%�� �;�' %�� � H�;� 0 � %��*b
 -,� ��+� >��2S �� �8C.�--*�G� U �+� H��	' %�� 

�8C.� B)� >��2S� :A8*6� :)6A �����  `��*�
 %��)B�<5V.�(.   

-� -a84 �� ��8? ���8�<B� �� -z2�*y5k  ���� H�12
:��8�� ��+� -*�G� + ��/� pH �H�84  S��.' ��;/� 	 ��g

�- `�4+43/3 �23  	8/0 �-;�' %�� . ([�	 �� 0 +�1��
c2� POQ ��;/� �U �+� 0 � ���  @��2� S��.' U�84

:��8� .�+� 0 � D���+�  �� �c2� POQ ��;/� �U
 %�O= &�2 �%A��%42/53 �--� .;�' %�� ��8x*�

�� +� H��& +s� :��+� �c2� POQ ;] � ��&' @��2� ��
 %34 H����+�*�G� U �  &� �� �c2� POQ��;/� �8?

%�O=  H��& :���82g8W:2�+4 )5 %A��( �%4/86 
�-%��  .;�' 

 

?3@5. V.� ������8�2: k	 N&�+� 0 +�G�: � + ��/� -*�G�- �;�' %��
��+� pH.(+��. +� @+=) %��.�4�,848? ��;/� 	 (\�	) :���82 H�84 �  

(L�������  
    ��0 � |�/34-671� ���*� �:��  %�?�+= S��.'-

0�'--� @8�2���4��+�� -*�G���  :�� U)4+� ���+�u�� 
 POQ�� +s c2���>� @	+,8 - :4 S��.' 0 � U�84

 S��.' -, ��� H�12 :��C1 ��&' E ��2 .;� :��+�
%�?�+=-0�'--� @8�2���4-[�	 \�8] &� �� <B� ��

35  %A�����';� <�B14 ���, . + ��/�(Training) 
 2R 	 (All) 2R  �;� {�+7��� &��8C.� B)��  :)6A

 :A8*6��-`�4+4  �� +��+�99999/0  	99455/0 
:�;*��� 0 � . H�12:��8,O� �8C.� �;��  0��b4 ��+�

 -*�G� U �+� c2� POQ `��*� .%�� �8C.� :)�,+4
B)�� >��2S �� �8C.� 	 :A8*6� :)6A -*�G� + ��/� �
��+� -�  :+�u��pH  ��;/� 	 (\�	) :���82 H�84 �

 (+��. +� @+=) %��.�4�,848? ��-�+4 `�43/3  �23  	8/0 
 .�+, 0��b4 �� 0 �*�1�� �-*�G� U �+��  POQ ��;/�

�c2� %4/86  &� ��5 � �:���82 %A��- %��;�' .  

M�N&���$�  

   % ��Q &� H�=;*� 82 &� % ��Q �	;*] :.�� ���
 �+W ;, �� �81, H��	�*? 	 H�+C1�	
�99012940  	

 :2���;[ D��? E�F ��C12�� :1�	
� %2	�b�
�:.;**,   
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