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 �2�"� J;
��/� -�!�3 ���K �/��� ��
�  .�/� L��� �/� -� �
0 M�� -� -&�,� 1
��� N�/�  =
� ��:  

���= PQ RST °C, NaCl=UVW g/l, +�
�D -���"��=XWWAm � � , NaOH = T/Q  g/l , K٢Cr٢O٧= Z/Q  g/l 
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 �� ��	
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� ��. �� �/� ]Z�i[.  
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�&a � L��d�/� �,��*� 6"�� n"� �� 5
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*���  �'�" u$F �%� �(/ � ��'v� 0�/

� p*F� �
� . ���� -� �
�," #
H%� w
�FxS �a�� O�Cu 

�� �/�.  

 �t �� �7&d/� �� ��
< �� #
H%� +�� L�
	� 0� ���3
�D ����

�"���!� �yI� 0� L��d�/� 4��	����	�  �� 4 B
�/ C����" �&"�� �.

�/� ����l B
�/ C�"
�
�3 � B
�/ C�����.  

s��3�
� -� -D
� ��  -��
< (Eh-pH)���/ -� z
��� �
�� -/ B 

O�Cu-Cl--H�?�@ �� 4  ����
�< �.�� s�It p�" �c�� ��.

#
�%� ���(�� )|�U=n( 1 n
nCuCl − �� pH�c��  P��   �� 4B����

 �� -� �	��pH =�
�< ��.  #
�%��" �
��� ��CuCl -� � �/� ���
�< 

 ��� -� #
H%� +�� L�
	� 0� ���3
�D �
?&�pH�c�� ����  P  �

�A���� $̀ ZZ Rx B�?&� ��  �
�]i[.  
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�%� �� ��	����	� =�� �� ����� ��
< )��*� ]�a
� ����

B��"��� 0� 4s�It p�" 0� �&@ �
���K  �(/ � ��"� #$%"� 

\
/� -�����. 1/
� �.�  +��)��	����. (�� L��d�/� �
�.  

�� �� ��"� #$%"� )��� ��"�  �/�/� 5&��� ����:  

)Z(  1 n
nCu nCl e CuCl− − −+ − =     (n= |�U  )  

�� +2����. +�� ��0� )��� ����� �/�/� 5&���  ����:  

)i(  H O e H (g) OH− −+ = +
2 2

2 2 2  

-�����. )��� �
����� 5&��� �� \
/� )��*� � +�� ����:  

)o(  1 n
nCuCl OH Cu O H O nCl− − −+ = ↓ + +

2 2
2 2  
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 Cc��I� m�D )a�� 4#
�/ ��� 5&��� =
����&�Z �� o��  ����:  

)r(  Cu H O H (g) Cu O+ → +
2 2 2

2  

 )�������. ��,"

(OH−) )��*� ���� O�Cu�� 0��" ��
�   �&���. 

 +���!� ��/�� =
� �� NaOH #
�%� �� �"���!� J��� +�
&A -� 
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�#
�%� 6��
0�� 5
��!�4 +

 �?�@ 5
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)�������. � L��  pH����  �� �!�� J0��"� -� -�  6e_&� 0� ��� 

�< ����
CuCl0� �̀'
�e� -� 4 PpH=�� ���� =�
�< -�  4�
�e�&� ) 

�� �&�.  

 ��a� �
����� 5&��� �'t ��) 5&���o( )�������. ��,"

 4

(OH−) �
d" 4 C�D�,� �� � L�� ��	
� ����� 5&��� �� �  �!��. 

�� ��"� ���K -� �&/� . u���� 0� ���3
�D ����Cu2O �� -� 

�"���!� ���! "�� �
�.�� �&  ���K L��d�/� ��
� B�/��< C�����

�� �"��3 . u���� 5&���O�Cu�/� =�&� :  

)T(  Cu O H O e Cu OH− −+ + → +�

2 2
2 2 2  

��  �
�"�
� L�"��� 0�� �
 L�&&� �I"��� +�
&A -� B�/��< C�����

 u���� 5&��� s�7"� 0� ���3
�DO�Cu ���� �� ���! �� ��
< -� 

) 5&���T ( ���� ��]i[.  

�� B��"��� ��,"

 ����� �� -� �/� C�
a =
� -� �3�&&� �I"�

��  C����� ��,"
�"� -� ���D �
t -� �0�� #
�%� �� C�����

�� -
�7� �"
� :  

)�(  Cr O OH CrO H O− − −+ = +2 2

2 7 4 22 2  

�� u���� �
0 C�
a -� ���� �� C����� ��,"

 �(/ �"
�:  

)S(  CrO H O e Cr(OH) (s) OH− − −+ + = +2

4 2 34 3 5  

L�� )��*� #
�%��" ��������. �� ���� ��� ��0�" 6
c C�
a -� 

�� �/� -���
���	� ���. -
c =
� 4�"��
< . ����� 5&��� =
����&�

�� ���< -���� +�&q�. +2����. +�� ��0�  u���� 0� -� �	�� �� �&�

O�Cu�� �I"��� ���! �� -�  �
�.  

 �?�@  � +�
�D 6���"�� ���� �d��^� �
��e� 4-&�,� 1
��� �?" 0�

NaOH �� ����3  =
�
�/ C�e�e%� ��.]i�T[ -� �/� L�� -���� 

G$�F� =
� �� �.  � )�� 4�,	
�/ ����t �� C��d� 0� ���" �"�
�

 =�� �� ��	����	� p���&
�����. �� ���>� � �.�����	� ��I��

L���  ���� ��	����	� ��.]�[.  

 �� C����>� �/��� -� 4�l�� 5.�;< �� ��	����	� �&
��! -I	�_� ��

 �2�"� J;
� G�H� � +�
�D +���"�� C����>� �&I
 B,� EF��

�/� G�. �� � L�� -�F���<  ��9:� 4���� 6&�,� 1
��� -� ���


4��"� +�
�D 6���"�� +
� ����
A  6���
0�� 4s�It p�" �?�@ 

�� �"���!� 0� L��d�/� � ��� 4��	����	� #
�%�  �� B�/��< C�����

 L�� �/��� ��a� EF�� �� =
��/�.  

�.��� ���	
 ���
�����   

���.����	 
	��   

w
�F �� ��� �0�" 6��� 0� ���� � �"� �&D xx/xx �a�� 

�� \�^�"� .-��� =
� ��A ��. mm �/V� �,"� ���^l � mm � 

�/�. 5
��0� -��� �� ��	����	� #
�%� B7� ����� � ���9 �. 
�cm�WW  0� �&@ ��	����	� #
�%� � L�
�NaCl )g/l UVW RUUW (

��  B�?&� ���� -� ����pH ��	����	� -� NaOH +�
&A -� � L���!� 

�� 0� �"���!� J���   B�/��< C�����g/l Z/Q�� L��d�/�  �
�.  

  

���.
����� ��� � �
����	 
��� �	�����   

�*� p
 )��� ��	����	� #
�/ �cm �WW 4 C�
a -� ������� � �"�

�� -��� ���� )�� �� -[ 4Z��� +�*" �/� L�� L.  0� #
�/ =
� ��

 �3��
F #
H� �,D +� =�!�t �� ���� �� � 1/� ��  �"� p


�� L��d�/� �"� �_/ �� �F�
&�
 . 5.�� �'9 ��  +�
�D +���"��

 ��
�� +0� 5.�� �� -�
�e� � ��	����	� 0� �I� �"� +0�) ���_�

L����! +
"�K (C��'A  �2�"� J;
� G�H� � L�� +��� �a�� N�/� �� 

 f�� �� �!�H� �2�"� 0� �A�/ C��
��� s�3
��� p
 ��	
� ����

O�Cu��  ����.  

  

  
 ����.!�"� #���$� ���   

  

 ���e�O�Cu�� -'/�%� �"� +0� 5.�� ��� 0� L�� ��	
�  �
� .

����� ���� 0� �"� 6�a�! mm UV  6��� �� ��	����	� s�7"� +��0 C��

����� � ���9 �,*
��0� oQ-e�K�   L�
��/� . �
��e� ��	����	� #$F ��

 42��	�pHp
 -e�K� p
 �. ��� �   =�g"��� �,�"� �� � �
��3 �'9 ���

 �
?&� #
�/ 1/
�� ���� 2��	� +�
&A -� L�� �'9 ��.2��	�

�
��3.  

 #
�%� )F�� �� ���� � �"� � m_K +�
�D 4��	����	� +��0 s���� ��

�� 
*��� �"
� .-���< �� �"� �(/  s�" �� C��
/� 0� )��� �
_�

 � p*F ��
*/ �� � -��� �_e� \� �� � ���� L�"���K�� L�&'��

�� =
0
� #���7
� ��0��� 1/
�  6'/�%� ���� +0� 5.�� � �
��3

�� �/�� �2�"� J;
� G�H� � +�
�D +���"�� ���.  
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 ��� �� ������ ��.�&
��! �
�� )a�� \
/� ��	�"� � -I	�_� ����

�
� s�7"� \
/� . L��� �a�! ��	����	� #
�%� -� �
?&� =
� ����

-� $̀��� +� +��� \
/� �� �� �
� =�*" . C�� -� �(/ZZ ��� 

�_e� \� �� � �
��/ #
�%�oCPQRST �� =
�g
�D �� . -*��. �

�� �K�� \
/� �_/ ��� \� ����e�  \
/� +�� ����� 0� �� �"��

�
� ���3
�D .�� 6���� )���� 0� +�&��t� ���� 5
��0 � 
*�

 ��� L�e" C����" +���!� �� �
��/ #
�%� ��� �. �
��� )���

�� �� . L�e" �
��� \
/� -� �"��0AgCl��" )��*�   
*��� 4��

�� �e�� )��� �
��3 . �0�/���
�< C����A 4
*��� 6���� 0� �I�

 #�0�
����&� #
�%� 1/
�(Benzotriazole) �?�@ �� g/l W/U   )"���

 s�7"� E	�F��  ��� �� L�&&� ���
�< #
�%� 4��� =
� ���� 4��

�� L���!� �
� L�� -�^
� -����/ G�� p
 �� -� \
/� �� .  

C�� -� -� �0�/���
�< 0� �< ir�A�/  �� #
t -�  \�� 4���7"�

���
�< #
�%� � 0�� G��  G�� �< � �
��3 �
��/ +� ��� 0� 0�/

" u$F � -���b3 �
����/� p
 �� �� 0�� ���
��3 ��7
� �'� . �<

�� L��� ���K =� p*F +��� �
����/� +� 0�  �� \
/� �� �
�

���� oC SQ -"�'� p
 C�� -�  n"� ���K \
/� � �
� p*F 0��

 �� �����(I)�
� �/�� G�� ]� �� .  

  

�.��� � ����	   

������< ��9:� 5.�;< =
� �� �� �"���!� �?�@ ��.  4B�/��< C�����

 #
�%� 6���
0�� +�
�D 6���"�� 4s�It p�" �?�@ 4��	����	�

�/� �,D 4��	����	� ��,HF�� �� ��� � ��"�  1
��� -� ���


�/� L�� �/��� ���� 6&�,�.  

  

��%.&
 '(") *+	  ,����- ����*/  

�� �"���!� �9� �/��� ���� �?�@ -/ ���� �,*
��0� 4C����� W/W 4

�/W � U/W���	 �� s�3  �� 0�     ��< C��������9 1
��� �%� B�/ g/l 

irQ � p�"  g/l T/Q -���"�� �� ���0
/�
/  +�
�D         ��Am xQQ  �

���� oC �W C�� -�oQ-e�K�  �� s�7"�. �� L��� �/� -� �
��" 

 #��DZ�/� L�� -����  .�� �?�@ 5
��!� ��  +���"�� 4C�����

 2��	� 5
��!� 0� ��I'� -� �2�"� J;
� G�H� � 5.�� +�
�D

�� 5
��!� 1/
�� ���
 .�� �� ��� =
� ��A  ��,�
/� )��*� -� +�
�

 �� C����� #
�%��"(II , I)��"�� z
��� ��"� #$%"� =�� �� .  

  

 !�01� .&
 '(") *��2� �	 �3�4 5���6 ,����- ����*/  

�/�  �/�  �/�  K٢Cr٢O٧ (g/l) 

��/��  ��/��  ��/�	  
��
� 
������(%)  

���/�  ���/�  ���/�  (V) VAve  

	  	  	  I(A)  

����/�  ����/�  ����/�  
 ��
�� ���� �
��

(kWhkg-١ Cu٢O  ) 

��A 4�� L���� -� �
_"��. �� 0� L��d�/�  +�
&A -� B�/��< C�����

 5&��� s�7"� 0� +� �3�&&� �I"��� 5e" �t�F -� �"���!� J���

 J����� u����O�Cu�� ���� �_/ �� ���! �� -�   0� L��d�/� � ����

��/� ����	� ���! �� 0� ���A #
H%� -� +��/� ����  +.  

�� �
y� �� �"�  �F�
&�
 ��@ C�
a -� C�����)L�d� L�d� (

�� L��
F  �
y� �� ��"� 5&��� �� #$�F� �� #�� -� �
�

�� �� C����� ���� . 0� L��d�/� s�A C�
a �� 4�g
� G�t 0�

��  -F
�� C�
a -� #
H%� \
/� 4B�/��< C�����)L��
�3� ( -�

�� ����� �'�� .�� �d&� C��9� B@���A ���  B�/��< C�����

�� 0� ���A #
H%� +��� �/�� �,D +� 0� L��d�/�  ���! 

\�&�D� �� �
b<�" ����. �� -�a
�  �� =��. �� +� �?�@ �
�

�
� �d� .�� ���e� =
�  0� ���! �� )��� Gb� ���� C�����

�� �
�d� #
H%� �&�.�� ���! ��  ��	�"� -7��" -� -D
� XRD �� 

 L��� �/� -� #
H%� ���) )��U (  �
t -� -&�,� 1
��� ��

�/� L�� Gb� )��� . -I�� ���< �
g	� �� #�� p�<X c̀����� 

 ��
��� C�'���� -� z
���)�CuCl (���� �
  ��
���)�OCl�Cu (

�� ���� .�H	�F�" �
��e� #�� p�< -� ��I�� ����" C�� -� -D
� �� 

5�< ��"� �� �&�� �
�.  

  

 ����  . �	*-XRD�7��8 9�	*� �
 �3�4 �6�$6   

  

��%. '(") *+	 NaOH) ���;���8(  

 �?�@ �9� �/��� ����NaOH5
��0� 4 ���� �� �. oC �WR�W  �

����� B
�/ �
��� �?�@ g/l irQ �� �"���!� �  ���e� -� C����� 

g/l Z/Q �� ��"� +�
�D -���"�� #��A� �� ��� ��Am xQQ �� � 

 ��,�?�@NaOH0�  g/l W/�RW/W  ���9 +��0 � oQ-e�K�  �� s�7"�. 

5
��0� ��/ =
� 0� )a�� �
��" )�� �� �.  ��.)o ( �)r ( L����

�/� L�� .0� -� -"
g"��. �� L�.�*� �.���
�"  5
��!��� 4�
�

 �?�@NaOHG�H�    L;
�  5
��!� �2�"� ��  c�� ��,�?�@��� ���


H�G� L;
�  �2�"� �̀'
�e� �� ���9  �
� . �?�@ 5
��!� �� =�&q�.

NaOH+���� ��  g/lT /Q �(/ � +�
�D +���"�� ���D 5
��!� 

�
��e� �� +� 5.�� L�.�*� ��c��  �� �
� . +���"�� �!� ��A

 �c�� ��,�?�@ �� �2�"� J;
� G�H� 5
��!� � +�
�DNaOH �&I
 

�� pH�� �� c��   )��*� -� �7&� -� �A�! ��,*&��� s�7"� -� +�
�

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-1

2-
21

 ]
 

                               3 / 6

https://ijiepm.iust.ac.ir/article-1-283-fa.html


��                                                                                                                                                                                                                                                       ���� �	��� 	!���"� #���	� $	� %�� ��"�
&�'( )	�*�   

 
L�&'�� Cc
H%� �� �"� ���  ��� �'�" �"
�.-"
�"   =
� 0� ��

�/� =�&� �A�! ��,*&���:  

)P(  −−− +=+++ Cl
OHCuCuCl

ClOHCu
��OHOOHCuCl 6

)(3.

)(2
)(224

22

32
222

 

�� f���� =
� �
y�  �c�� �?�@ �	�� �� -��
< s��3�
�NaCl  

�/� L�.�*� )��K .�� Cc
H%� =
�L�&'  �A�� �"� ��� �� 

�� �"
� �^/ ��"� #$%"� -�  +�
�D +���"�� � L�� s�7"� ��

5.��  ���
. �� -� �*
��0� �� g/l W/� 4�� s�7"� ���0
/ �
/ 

�c̀����� -� �
��3 L�.�*� �"� ��� �g"� L��/ 6e_& CuO 

�� ���� .�
� L��'�� �"� -� �̀�
�� -
c =
�.  
  

(g/l)NaOH ������

0 2 4 6 8 10

(k
W

h /
kg

C
u 2

O
) �

��
���

� �
	�
�


� 
�

��
�


�

0.5

0.6

0.7

0.8

0.9

  
 ���=. '(") *+	 NaOH&>*6	 ?@�� A*B� *8   

  

(g/l) NaOH ������

0 2 4 6 8 10

(%
) 

�
��

��
��

 �
��

	

��
 

80

85

90

95

100

  
 ���C.  '(") *+	NaOHD��*1 D��06	� *8   

  

 G$�F� �/��� �� pH 5
��0� +�
�< � 0�@� +��0 �� =�� ( pH)Δ 

 6�	�� �?�@ 5
��!� �� -� �� L�.�*�NaOH�e�  ��ΔpH�d&�   ��

�� �� -� �
�  +

 L�&&� G�H� ��,*&��� s�7"� �� )�	� �"�
�

OH− ���� . C����>�pH �� #
H%� n"� C��.�*� =�&q�. � 

 #��DU�/� L�� �'9 .  

 C��.�*� N�/� ��Figuera  ]� [ G$�F� �d&� �
��e� ����pH 

�e� ���� � ��	����	� ���� L��� ��,g"� ��,g"� +� �'v� �
�

=��� ����� ��?�"� �� . C��.�*� =
� ��" 5.�;< =
� 0� )a�� �
��"

�� ��
:� �� �&� . �?�@ ���� -&�,� ���e�NaOH 0� B. -� ��
_� 4

 )��*�CuCl G�H� �A�! ��,*&��� s�7"� 0� B. � �
� ���3
�D 

 +

 J�&&� OH– ���� 4�
� \�&�D�g/l �/W 5�<  �� �&�� �
�.  

01!� E . �	*��2�pH
����� �
 !�"F� G6� �  *��2�  

 '(")NaOHH Δ = −final initialpH pH pH  

� � � �/�  �/�  

NaOH 
(g/l)  

��/��  ��/��  	�/��  
�/��  
�/�  pHinitial  

��/��  �
/��  �
/��  	�/��  ��/�  pHfinal  

��/��  ��/��  ��/��  ��/�  	�/�  ΔpH  

Dark- 

Red 

Dark-

Red 

Dark-

Red 

Red-

Violet 

Bright-

Red Color   

  

%�%. '(") *+	 NaCl  

5
��0� ����I� 4-&�,� �?�@ =��I� �
?&� -� ���� ��  °CPQRST 4

 �?�@NaOH ����� g/l      �      /W �� �?�@ � C�����B�/��<  ����� g/l 

�/W�� s�7"�  .5
��0� =
� ��  �?�@ �.NaCl  J���%� �� 

g/lirQ RPQ �� L��� ���>� .0� +��0 C��5
�� oQ-e�K�   �

����� +�
�D 6���"�� ��Am xQQ 4�� -���� -g" ���9��" 
� =
� 

5
��0� )�� �� �.  ��.)T ( �)� (�/� L�� L��� +�*".  

  

(g/l) NaCl ������

40 80 120 160 200 240 280

(%
)�

��
��

��
 �

��
	

��
 

80

85

90

95

100

  
 ���I . '(") *+	NaClD��*1 D��06	� *8   

  

(g/l) NaCl ������

40 80 120 160 200 240 280

(k
W

h/
kg

C
u 2

O
) 

�
��

���
� �

	�
�


� 
�

��
�


�

0.5

0.6

0.7

0.8

0.9

  
 ���J .") *+	 '(NaCl&>*6	 ?@�� A*B� *8   

  

)�� �� -�
�
_"��.  ��.)T ( �)� (�� L�.�*�  �?�@ 5
��!� 4�
�

NaCl �� g/l ��W L;
� G�H� �!� � +�
�D +���"�� 5
��!� �A�� 

�� �2�"�  0� �	� �
�g/l ��W �� g/l irQ �2�"� L;
� G�H� �!� 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-1

2-
21

 ]
 

                               4 / 6

https://ijiepm.iust.ac.ir/article-1-283-fa.html


����� ��	
����
�
���� �
� �� �� �����                                                                                                                                                                                                                                                                                                            ��  

 
���� ����� n&.� .�?�@ 0� ��*�� ��. g/l UVW s�It p�" �A�� 

 f�/�� � p�" 0� #
�%� +�� ��'��NaCl�� #
�%� ��   -� �
�

 � L�
	� �� #
H%� B. � ���� �d&� �9� ��	����	� �&
��! �� B.

)�*� �� +� �
*��� �� �� �&�.  

 �?�@ 5
��!� ��9:�NaCl�� �� �&
��! �!�*�< ��  )��*� -� +�
� 

#
�%� �"
�"� ���(�� �
���1 n
nCuCl −��� �'�"  . 5
��!� ��

NaCl ��"� #$%"� 5&��� ���_� ���(�� =
� )��*� -� )
��� 

�� ��*�� �
�.  

)x(  1 n
nCu nCl CuCl− −+ =  

 +

 �?�@ 5
��!� 45&��� =
����&�Cl–  -� 5&��� �!�*�< �A��

�� �/�� ��/  5
��!� 4��"� 5&��� ���/� s�7"� ��� =
� � �
�

� 5.�� � +�
�D +���"���� L���. -� �� �2�"� G�H  4�!�t 0� 4����

 �?�@ 5
��!�NaCl 5.�� � ��	����	� �"

 �
��. 5
��!� �A�� 

�� #
�/ ���� 2��	� �
�.  �?�@ 5
��!� �'v� ��9:�NaCl �� 

 �� 4�/� ��"� 5&��� ��� �� ��*�� 4��'�� �� -� p
��" �
��e�

 �c�� ��,�?�@ �� -� ���
aNaCl) ��'�� (� ��9:� �. ��� +� �d&

�� +�
��" ����� � ��"� 5&��� ��  �� -� ��
t -� 4�
�

�?�@ #���
�� 4c�� ��.   ��.NaCl -"�
D ���� � �"� �_/ ��� 

�� ��� � L�0  � ��"� #$%"� 5&��� +�� )�*� �A�� � �&&�

�� ���� �_/ � ��	����	� =�� )��� ��7
� �
t =��.  �� � �"
�

 ���� �9
� �_/ 4-7��" 5.�� �� ��	����	� ��� #
�%� �� N��� ��

��  0�3 +�� ��0� ����� 5&��� +�� �&� �A�� ��� =
� -� �.�

�� +2����. �
�.  

 6&�,� �?�@ 4�
! C�%�l
� � L��� �/�� �
��" -� -D
� �� NaCl4 

g/l UVW�� ��,&*�<   0� � L�� )�,�� ��"� #$%"� B. �� �
�

 #
�%��" f���� )��*�CuCl"���  p�" ��'�� 0� B. � �
� �I

���3 \�&�D� #
�%� �� s�It.  

  

C�%.&06� D��*1 K��;6	
 *+	   

 ����I� 4��	����	� �&
��! �� ��"� +�
�D 6���"�� �9� �/��� ����

J���%� �� ��"� +�
�D 6���"�� ���>� �� 5
��0� ��AmZTQQR

ZQQ  ���9 1
��� �%�g/l UVW 4B
�/�
��� g/l �/W  4���0
/ �
/

g/l Z/Q �� ���� �� � B�/��< C����� °CPQ C�� -� oQ-e�K�  

�!�3 s�7"� .)�� �� �,*
��0� =
� �
��" �.�) S ( �)P ( L��� +�*"

�/� L��.  

�� L�.�*� -� -"
g"��. 4�
�  �� ��"� +�
�D 6���"�� 5
��!� �� 

���� ��Am�UWW�� 5
��!� +�
�D +���"��   -� �� +� 0� �< � ���


�� 5.�� b3��� .+�
�D �	�g� �� �2�"� J;
� G�H� 4�!�t 0�  ��.

���� ��Am �UWW 4�I� -� -_e" =
� 0� � ���� ��&� �*
��!� �"�� 

�� ���9 �̀'
�e� �"�� . �&I� =
� -� +�
�D +���"�� 5
��!� -� �7"� 0�

 f�/�� 5&��� G�a �2�"� 0� ���*�� ���e� -� �/�O�Cu 

�� � -� ���� ��?�"� �
�� �< �
� 5
��!� �� �2�"� J;
� G�H

�	�� �� 4���
 5.�� +�
�D +���"��  f�_� =
� ��A �7&
� �� -�

�� L�.�*� �
� . 2��	� 4�2�"� J;
� G�H� 6'/�%� �� -� �7"� 0�

 +
�/��
�$< +
� ����&�/ )��
A �b	 4���� �	�F� #
�/ ����

�&��. )�F� +� ���e� �� ��" ��	����	� #
�%� ��?�@.  
  

(A/m2) �������� �	
�����
�
0 500 1000 1500 2000

(%
)�

��
��

��
 �

��
	

��

80

85

90

95

100

  
 ���L .D��*1 �
��8 *8 &06� D��*1 M��NO *�+P�  

  

(A/m2) �������� �	
�����
� 
0 500 1000 1500 2000

(k
W

h/
kg

C
u 2

O
) �

��
���

� �
	�
�


� 
�

��
�


�

0.5

0.6

0.7

0.8

0.9

  
 ���Q .?@�� A*B� *8 &06� D��*1 M��NO *�+P�&>*6	   

  

 4��	����	� �&
��! ���� s0c ��
�� 2��	� �3�E′ �
� -�!�3 �?" �� 

	��� L�$A ��	����	� ���� s0c ���� 2��E′ ��.2��	���! )��� 4

�� ��" ��g
�  �_/ �� L�� )� �� ��,"

 �?�@ G$�F� 4����

 +��� �
D
� �A�� 4#
�%� J�
� �� �?�@ =
� ���e� �� �����	�

 �
 +
�/��
�$<�� ��?�@ 2��	���!  � #
�/ ���� 2��	� 5
��!� -� �
�

���� �< �� �� �2�"� J;
� G�H� +� m'� -�. -� � �?�@ � ��� 5
��!� 

 5.�� �� ��?�@ +
�/��
�$< ���e� 4��	����	� #
�%� +�0 B.

��  4�&.�  G$�F� 4��"� +�
�D �	�g� 5
��!� �� -����
a �� 

 5
��!� ��A -� 4��	����	� J�
� �� �"� �_/ ��� �"

 �?�@

 ���*�� 4�"� �3��
F �A�/��  5
��!� ��?�@ +
�/��
�$< � �
�

�� ���
 . J;
� G�H� +� m'� -� � �!�H� 2��	� 5
��!� ��� =
� -�

�� �A�� �� �2�"� �
�. +�
�D �	�g� ��  ����
�<�" 4c�� ��"� ��.

�
��3 L�.�*� +�
�D � 2��	� C�"�/
" � ��	����	� �&
��! . =
�

�� �� ����
�<�"  
&�
 ��@ #$%"� -� +�
���� �'�" ��� �"� �F� .

+�
�D �	�g� �� =�&q�.  G�a ��
���	� �2�"� 0� �*^� c�� ��.

�� ]�� �e�e� �� � L�� #
�%� +�� s�3  ��" �
F =
� -� �
�

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-1

2-
21

 ]
 

                               5 / 6

https://ijiepm.iust.ac.ir/article-1-283-fa.html


��                                                                                                                                                                                                                                                       ���� �	
�� 	
����� ����	� �	� ��� ��������� �	���   

 
���� L���. -� �� �2�"� J;
� G�H� 5
��!� . 4�
��" =
� -� -D
� ��

 �� ��"� +�
�D �	�g� 6&�,� ���e� 4�
! C�%�l
� � C��.�*�

�%�J�� ��Am ZQQQRPQQ �� ��,&*�<  ���3.  

  

I�%.��
 *+	   

 ��.��� �� 5
��0� ����I� ��� ��9:� �/��� ����oQ 4�Q � PQ  

��"�/ 6D�� 1
��� �� � ���3 ����� B
�/ �
��� �?�@ g/l irQ  

� ���0
/�
/ g/l T/Q �� � B
�/ C����� g/l Z/Q  #��A� �� �

��"� +�
�D �	�g� ��Am xQQ+��0 ��  oQ-e�K�  �� s�7"� .  �
��"

)�� �� �,*
��0� =
� 0� )a��  ��.)x ( �)ZQ (�/� L���.  

B� +� ����e� � ��*�� ��	����	� �
��. ��� 5
��!� �� +
�  ��

��  �� ��
���	� �2�"� J;
� G�H� � #
�/ ���� 2��	� �b	 4�
�

�� 5.�� 4��� 5
��!� �&��
 .=�� ��.��� �� \
/� n"� oCoQRiT 

��0�� p
��" L��� ���K -� ��� 5
��!� �� � �/� �7"��"  �
� . ����

=�� -&�,� oC�WR�W �� -�a
� �
� . �t�F -� ��c�� ��.���

 +�� ����� � �
. ��,��'� ��	
� � #
�%� 5�
DO�Cu ���	
� 

��" -�a
� �
�.  
  

(oC) ���
20 30 40 50 60 70 80 90

(%
)�

��
��

��
 �

��
	

��

80

85

90

95

100

  
��� R.D��*1 �
��8 *8 ��
 *+	   

  

(oC) ���
20 30 40 50 60 70 80 90

(k
W

h/
kg

C
u 2

O
) �

��
���

� �
	�
�


� 
�

��
�


�

0.5

0.6

0.7

0.8

0.9

1.0

  
 ����S.&>*6	 ?@�� A*B� *8 ��
 *+	   

  

�.����� � �	
�  �
��  

 ���� -&�,� 1
��� 5.�;< =
� �� L��� �/�� �
��" -� -D
� ��

�� ����� ��	
� (I) �
0 C�
a -� 4�
���������	� ��� -� 

�� �&���:  

���: oC �WR��  �?�@ 4NaCl: g/l UVWg� 4+�
�D �	� :��Am xQQ 4

 �?�@NaOH: g/l �/W � �?�@ �O�Cr�K: g/l �/W  . �?" �� ��

�
! 1
��� =�!�3 ��   � +�
�D +���"�� �?" 0� �� �
��" =
��,� +�
�

���� �/�� ��
���	� �2�"� J;
� G�H�.  

  

������� � 
���  

L�g*
��0� 0�  ��
� � �2�
	��� �/�&,� J��*"�� �2�
	�������. 

g*"�� -� 4
D�,� =��� ��K� �����. � +��
� �I&a � B�A L�

 ��*� � �
�e� �,*
��0� s�7"� �,D s0c C�"���� +�
�" B.��! �t�F

�� �
�.  

  

���
�  

[1] Lee, J., Tak; Y., “Epitaxial Growth of Cu2O(111) by 
Electrodeposition”, Electrochemical and Solid- State 
Letters, Vol. 2, No. 11, 1999, PP. 559-560. 

 
[2] Ji, J., Cooper; W.C., “Electrochemical Preparation of 

Cuprous Oxide Powder: Part I. Basic Electrochemistry”, 
Journal of Applied Electrochemistry, Vol. 20, 1990, PP. 
818-825. 

 
[3] Lossion, A., Westhoff, F.J., “The Production and 

Application of Cuprous Oxide and Cupric Hydroxide”, 
JOM, Vol. 49 , Oct 1997, 38,. 

 
[4] Musa, A.O., Akomolafe, T., Carter; M.J., “Production of 

Cuprous Oxide, a Solar Cell Materiall, by Thermal 
Oxidation and a Study of its Physical and Electrical 
Properties”, Vol. 51, Feb. 1998, PP. 305-316. 

 
[5] Figueroa, M.G., Gana, R.E., Cooper; W.C., 

“Electrochemical Production of Cuprous Oxide Using 
the Anode-Support System”, Journal of Applied 
Electrochemistry, Vol.23, Apr. 1993, PP. 308-315,. 

 
[6] Stankovic, Z.D., Rajcic Vajasinovic, M., Krcobic, S., 

Wragg; A.A., “Electrochemical Synthesis of Cupric 
Oxide Pawder- Part II: Process Condition”, Journal of 
Applied Electrochemistry, Vol. 29, 1999, PP. 81-85. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-1

2-
21

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

https://ijiepm.iust.ac.ir/article-1-283-fa.html
http://www.tcpdf.org

