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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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Algorithm (ANN-GA) 
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:� 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�
�:.;**,   

�!OE��  
[1] J.K. Sahoo, M. Konar, J. Rath, D. 

Kumar, H. Sahoo, Magnetic 

hydroxyapatite nanocomposite: Impact 

on eriochrome black-T removal and 

antibacterial activity, Journal of 

Molecular Liquids, 294 (2019) 111596. 

https://doi.org/10.1016/j.molliq.2019.11

1596 

[2] S. Singh, P. Kumari, S. Tripathi, G. 

Singh, A. Kaura, The mechanism of 

tuning the morphology of bio-conjugated 

ZnO nanoparticles with citrate coated 

gold nanoparticles for degradation of 

EBT: DFT and experimental study, 

Journal of Molecular Liquids, 295 

(2019) 111706. 

https://doi.org/10.1016/j.molliq.2019.11

1706  



   9             b.�i�� :=
 	S��.' :��W�*u� 	 ����F�� ���           ...                 �:A��& ;�b :K�*A� 0��Q 	     

[3] X. Lai, C. Wang, L. Wang, C. Xiao, 

A novel PPTA/PPy composite organic 

solvent nanofiltration (OSN) membrane 

prepared by chemical vapor deposition 

for organic dye wastewater treatment, 

Journal of Water Process Engineering, 

45 (2022) 102533. 

https://doi.org/10.1016/j.jwpe.2021.102

533 

[4] P. Moradihamedani, Recent advances 

in dye removal from wastewater by 

membrane technology: A review, 

Polymer Bulletin, 79 (2022) 2603-2631. 

https://doi.org/10.1007/s00289-021-

03603-2  

[5] I. Koyuncu, Reactive dye removal in 

dye/salt mixtures by nanofiltration 

membranes containing vinylsulphone 

dyes: effects of feed concentration and 

cross flow velocity, Desalination, 143 

(2002) 243-253. 

https://doi.org/10.1016/S0011-

9164(02)00263-1  

[6] M.M. Hassan, C.M. Carr, A critical 

review on recent advancements of the 

removal of reactive dyes from dyehouse 

effluent by ion-exchange adsorbents, 

Chemosphere, 209 (2018) 201-219. 

https://doi.org/10.1016/j.chemosphere.2

018.06.043  

[7] P. Nidheesh, M. Zhou, M.A. Oturan, 

An overview on the removal of synthetic 

dyes from water by electrochemical 

advanced oxidation processes, 

Chemosphere, 197 (2018) 210-227. 

https://doi.org/10.1016/j.chemosphere.2

017.12.195 

[8] M.J. Uddin, R.E. Ampiaw, W. Lee, 

Adsorptive removal of dyes from 

wastewater using a metal-organic 

framework: A review, Chemosphere, 

284 (2021) 131314. 

https://doi.org/10.1016/j.chemosphere.2

021.131314 

[9] S.N. Ahmed, W. Haider, 

Heterogeneous photocatalysis and its 

potential applications in water and 

wastewater treatment: a review, 

Nanotechnology, 29 (2018) 342001. 

10.1088/1361-6528/aac6ea 

[10] N. Yahya, F. Aziz, N. Jamaludin, M. 

Mutalib, A. Ismail, W. Salleh, J. Jaafar, 

N. Yusof, N. Ludin, A review of 

integrated photocatalyst adsorbents for 

wastewater treatment, Journal of 

environmental chemical engineering, 6 

(2018) 7411-7425. 

https://doi.org/10.1016/j.jece.2018.06.0

51 

[11] A. Ghalambor Dezfuli, M. Hafizi 

Makan, Z. Seidali Lir, Production of 

SnO2/ZnO composite hollow nanofibers 

by electrospining and Investigation of 

their structural and photocatalytic 

properties, Journal of Research on 

Many-body Systems, 10 (2020) 53-66. 

[In Persian]  

10.22055/jrmbs.2020.15938 

[12] S. Zarei, H. Raanaei, R.V. 

Meidanshahi, Photocatalytic activity of 

Zn-Cu-S alloy for the removal of dye 

pollutant: Synthesis, characterization, 

optimization and DFT insights, 

Materials Research Bulletin, (2023) 

112175. 

https://doi.org/10.1016/j.materresbull.20

23.112175 

[13] A. Fujishima, K. Honda, 

Electrochemical photolysis of water at a 

semiconductor electrode, nature, 238 

(1972) 37-38. 

https://doi.org/10.1038/238037a0 

[14] Y. Zhang, Z. Zhao, J. Chen, L. 

Cheng, J. Chang, W. Sheng, C. Hu, S. 

Cao, C-doped hollow TiO2 spheres: in 

situ synthesis, controlled shell thickness, 

and superior visible-light photocatalytic 



   ����� ��	
� �
���� ��������	� ���13����� �3�� �� �1402                                                    10    

 

activity, Applied Catalysis B: 

Environmental, 165 (2015) 715-722. 

https://doi.org/10.1016/j.apcatb.2014.10

.063 

[15] S. Lee, Y. Lee, D.H. Kim, J.H. 

Moon, Carbon-deposited TiO2 3D 

inverse opal photocatalysts: visible-light 

photocatalytic activity and enhanced 

activity in a viscous solution, ACS 

Applied Materials & Interfaces, 5 (2013) 

12526-12532. 

https://doi.org/10.1021/am403820e 

[16] J. Jia, D. Li, J. Wan, X. Yu, 

Characterization and mechanism 

analysis of graphite/C-doped TiO2 

composite for enhanced photocatalytic 

performance, Journal of Industrial and 

Engineering Chemistry, 33 (2016) 162-

169. 

https://doi.org/10.1016/j.jiec.2015.09.03

0 

[17] A. Kongkanand, P.V. Kamat, 

Electron storage in single wall carbon 

nanotubes. Fermi level equilibration in 

semiconductor–SWCNT suspensions, 

ACS nano, 1 (2007) 13-21. 

https://doi.org/10.1021/nn700036f 

[18] G. Palmisano, V. Loddo, H.H. El 

Nazer, S. Yurdakal, V. Augugliaro, R. 

Ciriminna, M. Pagliaro, Graphite-

supported TiO2 for 4-nitrophenol 

degradation in a photoelectrocatalytic 

reactor, Chemical Engineering Journal, 

155 (2009) 339-346. 

https://doi.org/10.1016/j.cej.2009.07.00

2 

[19] Y. Yu, N. Zhao, C. Shi, C. He, E. 

Liu, J. Li, Electrochemical hydrogen 

storage of expanded graphite decorated 

with TiO2 nanoparticles, International 

journal of hydrogen energy, 37 (2012) 

5762-5768. 

https://doi.org/10.1016/j.apcata.2016.07

.010 

[20] M. Ouzzine, A.J. Romero-Anaya, 

M.A. Lillo-Rodenas, A. Linares-Solano, 

Spherical activated carbon as an 

enhanced support for TiO2/AC 

photocatalysts, Carbon, 67 (2014) 104-

118. 

https://doi.org/10.1016/j.carbon.2013.09

.069 

[21] T. Peik-See, A. Pandikumar, L.H. 

Ngee, H.N. Ming, C.C. Hua, 

Magnetically separable reduced 

graphene oxide/iron oxide 

nanocomposite materials for 

environmental remediation, Catalysis 

Science & Technology, 4 (2014) 4396-

4405. https://doi.10.1039/C4CY00806E 

[22] S. Bai, X. Shen, X. Zhong, Y. Liu, 

G. Zhu, X. Xu, K. Chen, One-pot 

solvothermal preparation of magnetic 

reduced graphene oxide-ferrite hybrids 

for organic dye removal, Carbon, 50 

(2012) 2337-2346. 

https://doi.org/10.1016/j.carbon.2012.01

.057 

[23] Y. Li, Q. Du, T. Liu, X. Peng, J. 

Wang, J. Sun, Y. Wang, S. Wu, Z. Wang, 

Y. Xia, Comparative study of methylene 

blue dye adsorption onto activated 

carbon, graphene oxide, and carbon 

nanotubes, Chemical Engineering 

Research and Design, 91 (2013) 361-

368. 

https://doi.org/10.1016/j.cherd.2012.07.

007 

[24] V. Mohammad-Hosseini, H. 

Raanaei, Study of structural and 

magnetic properties of nanostructured 

Fe-Co-Ni-Cu alloy processed by 

mechanical alloying, Journal of 

Research on Many-body Systems, 11 



   11             b.�i�� :=
 	S��.' :��W�*u� 	 ����F�� ���           ...                 :A��& ;�b� :K�*A� 0��Q 	     

(2021) 59-73. [In Persian] 

10.22055/jrmbs.2021.17030 

[25] C. Koch, Top-Down Synthesis Of 

Nanostructured Materials: Mechanical 

And Thermal Processing Methods, 

Reviews on Advanced Materials 

Science, 5 (2003) 91-99. 

http://wwwproxy.ipme.ru/e-

journals/RAMS/no_2503/koch/koch.pdf 

[26] C. Capdevila, U. Miller, H. Jelenak, 

H. Bhadeshia, Strain heterogeneity and 

the production of coarse grains in 

mechanically alloyed iron-based 

PM2000 alloy, Materials Science and 

Engineering: A, 316 (2001) 161-165. 

https://doi.org/10.1016/S0921-

5093(01)01234-5 

[27] H. Raanaei, M. Rahimi, V. 

Mohammad-Hosseini, Nanostructured 

iron rich (Fe-Co) 70 Mn10 Ti10 B10 

mechanically alloyed powder: Synthesis 

and characterizations studies, Journal of 

Magnetism and Magnetic Materials, 508 

(2020) 166870. 

https://doi.org/10.1016/j.jmmm.2020.16

6870 

[28] A. Takeuchi, A. Inoue, 

Classification of bulk metallic glasses by 

atomic size difference, heat of mixing 

and period of constituent elements and 

its application to characterization of the 

main alloying element, Materials 

Transactions, 46 (2005) 2817-2829. 

https://doi.org/10.2320/matertrans1989.

41.1372 

[29] D. Podstawczyk, A. Witek-

Krowiak, A. Dawiec, A. Bhatnagar, 

Biosorption of copper (II) ions by flax 

meal: empirical modeling and process 

optimization by response surface 

methodology (RSM) and artificial neural 

network (ANN) simulation, Ecological 

Engineering, 83 (2015) 364-379. 

https://doi.org/10.1016/j.ecoleng.2015.0

7.004 

[30] A. Ghaedi, M. Ghaedi, A. 

Pouranfard, A. Ansari, Z. Avazzadeh, A. 

Vafaei, I. Tyagi, S. Agarwal, V.K. 

Gupta, Adsorption of Triamterene on 

multi-walled and single-walled carbon 

nanotubes: Artificial neural network 

modeling and genetic algorithm 

optimization, Journal of Molecular 

Liquids, 216 (2016) 654-665. 

https://doi.org/10.1016/j.molliq.2016.01

.068 

[31] W. Bi, G.C. Dandy, H.R. Maier, 

Improved genetic algorithm 

optimization of water distribution system 

design by incorporating domain 

knowledge, Environmental Modelling & 

Software, 69 (2015) 370-381. 

https://doi.org/10.1016/j.crgsc.2020.100

036  

 


