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Abstract 
In this study, effects of press pressure parameter on the polarization resistance of silver electrodes of zinc - silver oxide batteries in 
the KOH solution were investigated. For this purpose, initially four Ag electrodes (positive plate) with composition of 95 wt% silver 
oxide, 4.9 wt% carbon powder and 0.1 wt% resin by powder metallurgy method and with press pressure of 40, 60, 80 and 100 bar 
was prepared. Then, four silver electrodes were sintered at temperature 500°C for 13 minutes. Potentiodynamic polarization and 
electrochemical impedance spectroscopy methods were used in the 1.4% KOH solution to evaluate the polarization resistance of Ag 
electrodes. Scanning electron microscopy was used to examine the microstructures of electrodes and point analysis was 
accomplished by EDX method. Electrochemical tests results showed that with increasing press pressure, polarization resistance of 
silver oxide electrodes increased in the KOH solution. SEM images were showed that with increasing press pressure, the amount and 
size of apparent pores reduced in the electrodes. Also, point analysis results has implies on reduction of oxygen in electrodes with 
the reduction press pressure. 
 Keywords: silver-zinc batteries, press pressure, polarization resistance, silver electrode, KOH solution. 
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9	��+ ��  9�� 9�0- �� ��2�� ��	
��� �� 	0 �� 
6� 4��� �	B� ����� 

��X� �� C���	
��� �+ 9	��+ F�B
��  @��C � �)� ���-�+ �	� ��/  �+

��0d3D3� .�C�� @ �09	0�e 9  �+ 	^��@0��  9	�)� n�M�

 �+ 	^�� 
��K� �� � ��- �	B� ����� ��	
��� �� C���	
���@0�� 

 �)� .�- �0��_ 9	��+ .������ �/+�� ���	
��� a��6�	��� 	���c�


6� u�j�� ?�� 	,���+ ��  �	� ��/ bar40  �+ 
��� �	� ��/ 

bar100  
K2 ������	B� ����� 9�0��	
��� d3D3
� 9 Q6���  	�

�� .�-�+   

  

;0��2- �34�� HP�P+ �8 :�780'�
93 Q��P� .��3'( ASTM B962   

Ppress (bar) Apparent Porosity (%) Real Porosity (%)  Closed Porosity (%) 
*Porosites Size 
Average (µm) 

40  5/0 ± 63  5/0 ± 64  5/0 ± 1  02/0 ± 21/3  

60  5/0 ± 42  5/0 ± 44  5/0 ± 2 02/0 ± 97/2  

80  5/0 ± 38  5/0 ± 42  5/0 ± 4 02/0 ± 24/2  

100  5/0 ± 26  5/0 ± 31  5/0 ± 5 02/0 ± 73/1  

*�4���� 9�	+ d3D3� �4���� 9	�=  �4���� ��0�4���� �/+�� ���	
��� a��6�	��� s6�� d3D3� ��> � ?�,���� TU6 � ��- 9	�= ��- (��C= .� ���<� y�	E�� ��	X0 �+ �K�
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H
	 1-  '50�R+S2
�0'
�� ��0'�
93 �,(0� �3 80'�
93 ��92+ ��	 (.'� ��,- � :Q93 (bar40
 V( bar60
 S( bar80
 O( bar100  

  

  
 H
	2- HP�P+ �34�� '( �7��W X53 '�)*+ 0 Y�5'���� X�B �8 �'1� ���<3 :�780'�
93 �8 ��W H�
,+ �2"� �'1� ���<3 80'�
93  ��,- �( ��	 ��92+ :

 (Q93 : .'�bar40 (V 
bar100   
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3 -2- 4�9��G EDX �780'�
93  

     �� d�- 3 �`B� C����� 4� dN�7 9�0�,�� 9� )EDX(  9�	+

 �	� ��/  �+ ��- ����� �	B� ����� 9�0��	
���40  �bar100 .�/� �

 
��� d+�H v�j� �+ �6�	+ ?�� 9�0����X� �� �f�� .
6� ��- ����

 �
6�@0�� .1���� .�C�� ?+	� � �� �	� ��/  @0�� 	A� ��  .�-�+

 ��	� ��/  @��C � �+ 
B�B7��k  � 9 
K2 9	
X� ��k7 .1����

 .�C�� �^�
� �� � ��- ����d3D3� 9	0�e  9�0��	
��� �� 9	
X�


6� ��- d��/� �	B� �����  d�-)2( ]14[. �`B� C����� b��
�  9�

�4���� � �/+�� ���	
��� a��6�	��� W��0�/� d3D3� 9	�= �0 9

9	0�e �� W��A� ��  .��� 8��2 �� �� ��`��X02  ����	= ��0�/�

d3D3� .�C�� @0�� �+ 	^�� �	� ��/  @��C � �09  @��C � � 9	0�e

d3D3� � 9�0��
�+ � �<H �� d3D3� .�C�� �����`+ .��-  �� �
�+ 9�0

 �	� ��/  �+ ��- ����� �	B� ����� ��	
���bar100  ��	
��� �+ 
���

 ����� �	B� �	� ��/  �+ ��- �����bar40  �+b��  
6� ���6� 	+�	+

) u�j�� ?�X0 ��@0�� .1���� ?+	� � 9�0����X� �� v�j� �+ (

�`B� C����� .
6� ��- .���X� 9�  

  

  
H
	 3- :�7�382�� Z2('� �( 4�9��G EDX :3'( :�780'�
93 ��92+ ��	 (.'� ��,- � :Q93 (bar100
 V( bar40   

  

3 -3- [5���G �7: 5����	0'�
93�  

      d�- ��4  8��2 �3  .��6�C��5� @���4� �+ ��+	� b��
�

 d�- 4� �� ��`��X0 .
6� ��- ���� .�/� [�����������
�4  8��2 �

3 �� ��0�/�  4� �	� ��/  @0�� �+ ���	=100  �+bar40 �

 �	B� ����� 9�0��	
��� �=���_ .��	2 �	
X� .��6�C��5� 
���B�

 .�/� ��_ 4� 9	
X� �=���_ d����
� � 	
/�+ �=���_ {	� �	
/�+

��  � .�C�� ��	� ��/  @0�� �+ �� 
6� .� 	�� ?�� d��� .��0�

�4���� d3D3� 9 �09	0�e 9  �
 �� @��C � �	B� ����� 9�0��	
��� ��

 d�-) ��+2d3D3� @��C � .�> .( �0	0�e 99  @��C � �+ 
6� ��	X0

 ����� 9�0��	
��� .��� �+ F�6�
� ��������0 8�DE� 9	�)� n�M�

 
���B� @0�� � �=���_ {	� @��C � �+ 	^�� F0 	�� ?�X0 � �	B�

 4� 9���<� F0 ?�� 4� @�� .
6� ��- �0��	
��� ?�� .��6�C��5�

 {	� @��C � �Y�+ d3D3� @��C � �� ����+ ���� (��C= ?�BBE�

_�� \D
3� ���� �� .��6�C��5� 
���B� @0�� � �=���  ��-]15[ .

 s6�� �� ���B�BE� ���Xe�� @�����X0 � ]16[  	�Ao� �+ �`+�� ��

 .��6�C��5� 
���B� � d3D3� .�C�� 	+ �	� ��/ 	6���[ 9�0 

9����� ����	�4�i -  ?+	� @��C � �� ��- (��C= ��
 	= W��N

�	� ��/  [���	6 ?�� ����� ����	  ��  �0+ 	^�� � 
���B� @��C �

.��6�C��5� �K��  ��- dN�7 b��
� �+ ?�BBE� ?�� b��
� �� �- �0��_

  .���� 
0��- @0�1� ?�� ��  

  

  

  

 ;0��3- M5��� [5���G �2��345�6� �����582������ �( H\3�B �� ��( :'5]��3'
+  

Ppress 

(bar) 
icorr 

(µA/cm2) 
Ecorr 

(mV vs. Ag/AgCl)  
Rp 

(Ω.cm2) 
Corr. Rate 
(mm/year) 

40  5 ± 20244  10 ± 503  2/0 ± 4/18  1/0 ± 1/44  

60  5 ± 3345  10 ± 578  2/0 ± 6/23 1/0 ± 2/39  

80  5 ± 1661  10 ± 592  2/0 ± 1/26 1/0 ± 4/35  

100  5 ± 335  10 ± 612  2/0 ± 2/31 1/0 ± 8/27  
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H
	 4-�382�� /�52
5�� Z2('� �( [5���G �2��345�6� �����582������ �( H\3�B �� ��( :'5]��3'
+ :3'( 80'�
93 ��92+ ��	 (.'� ��,- � :Q93 (

bar40
 V( bar60
 S( bar80
 O( bar100  

  

  

      d�- ��5  �^�6 \�] @���4� �+ ��+	� 
������� �����X�

 ����X�-�	
��� T���U�� 8�DE� ��KOH%4/1 ��	
��� ��K> 	0 9�	+ 

 .
6� ��- ���� .�/� d�- 4� �� ��`��X05 �� ��0�/�  ��	
��� ���-

 �+ ��- ����� �	� ��/ bar100) �<H�� T���U�� 
���B� �Z′ (

�+ ��- ����� ��	
��� �+ 
��� 9	
/�+  �	� ��/ bar40  ;H���� .����

 T���U�� �^�6 \�] @���4� 4� dN�7 
������� 9�0����X�

 9�0��	
��� .��6�C��5� 
���B� @0�� 	,���+ F0 ����X�-�	
���

 @0�� 	A� �� �	B� ����� �	� ��/ �� ����� ����	  ��  4� .��-�+

\�] @���4� �^�6 T���U��  �<H�� 
���B� 	���B� ����X�-�	
���

 T���U��2
Ω.cm126  �+ ��- ����� ��	
��� 9�	+ �	� ��/ bar100 �

2
Ω.cm112  �+ ��- ����� ��	
��� 9�	+ �	� ��/ bar80 �

2
Ω.cm95  �+ ��- ����� ��	
��� 9�	+ �	� ��/ bar60  �

2
Ω.cm66  �+ ��- ����� ��	
��� 9�	+ �	� ��/ bar40 .��� 
6�+ 

�
��b dN�7 ��- 4� �4� @��\�] �^�6 T���U�� ����X�-�	
��� 

������ B
���X� �+ ����W�	 ����
_�6C9 ����^ ��-  9�0��	
���  ��

.���� �	B� ����� �� 	A� 8�XY�  �� \D
3� 	���B� �+ �	� ��/ �	 ��� 

�	B� ����� 9�0��	
��� ������ ����W�	 6�6�� �� ��.�C  ��4���� 9 

d3D3�  �0{� ���� 
6� .�+ ���= �9 �� �C ��@  ����	  �� �	� ��/ 

������ �	-�s �� �	+9 �/��d d3D3� 0 @0�� �� (�� �+ ���) 9	0�e 9�

 .
6� ��- .��6�C��5� 
���B� @��C � �+ 	^�� � ���� �+ u�X^���

����B� ��0�/� ���	
��� ��K> 	0 
������� 9�0����X� �� ��-  ��

	`H F�� �	��� 9�0����X� 
������� �� 9��X� 4� .��6�C��5� 
���B� 

 
6� �0��	
���]17[� 9�	+  �+ ��- ����� ��	
��� �	� ��/ bar40  C��

 @���4� 4� ��- dN�7 �=���_ �+ 
���B� b��
� ?��fX0 .
6� 	
/�+

 
���B� b��
� �+ ����X�-�	
��� T���U�� �^�6 \�] .��6�C��5�

 @���4� 4� dN�7.����� ����3X0 [�����������
� .��6�C��5�  

      d�- ��6 ��6�E� 9�	+ ���M
6� ���� 8��<� ����  9�0	
����� 9

 
6� ��- ���� .�/� ����X�-�	
��� T���U�� �^�6 \�]]18[ ���� .

 ) 8�DE� 
���B� [� 4� d�/
� ��- ���� .�/� 8��<�Rs  �( .�X��

94�  
+�A )CPE (� 
���B� 8�B
�� ��+ )Rct (�� .�-�+  

     8��2 4 b��
� EIS �� �+ �2�� �+ ���� 8��<� .�/� ���� ��- �� 

d�- 6 .�/� �� �0� .�� ?�� 8��2 F0 ��0�/� �� ��- �� ��  	A�

.
6� �
 �� @��C � �	B� ����� ��	
�� T���U�� 
���B� ��	� ��/     

     �+ ��] �D� �� ?�� @0�1� �3/� �- ��  �� �	� ��/  @��C �

�	B� ����� 9�0��	
��� ����� ����	  9	��+ �� ���M
6� ���� 9  9�0

 9��-  �+ 	^�� ��	B� ������d3D3� @0� 9�0 9	0�e  @��C � �

d3D3� .�C��  9�0�<H�� � �
�+ ��  �	� ��/  @��C � ?��fX0 .��-

�	B� ����� 9�0��	
��� ����� ����	  �� + �� ���M
6� ���� 99	��  9�0

 9��- �	B� �����   �+	^� {	� @0�� � .��6�C��5� 
���B� @��C �

�� ���)� 9�0��	
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H
	 5-�382�� /�52
5�� Z2('� �( ���G5[ Q�_ ���� `�3�a�3 �5����	0'�
93 �( H\3�B �� ��( :'5]��3'
+ :3'( 80'�
93 ��92+ ��	 (.'� ��,- � :

Q93 (bar100
 V( bar80
 S( bar60
 O( bar40   

  

  

  
H
	 6-�>��"� :3'( �8�#��3 8�2� ;8�?� �3��  :�7'��3��� :EIS   

  

 ;0��4-M5��� [5���G �2��345�6� �����582������ �( H\3�B �� ��( :'5]��3'
+  

Ppress 

(bar) 
Rs 

(Ω.cm2) 
Cdl 

(μF/Cm2)  
Rct 

(Ω.cm2) CPE 

100  0215/0  1534/21  2/0 ± 2/126  01/0 ± 94/0  

80  0217/0  2523/19  2/0 ± 6/111 01/0 ± 89/0  

600  0213/0  6037/17  2/0 ± 1/95 01/0 ± 83/0  

40  0214/0  3069/16  2/0 ± 1/66 01/0 ± 79/0  

4 - ����� '�W:  
     <��`� ��� 9  	�Ao� �6�	+ �+ 	j�7 �	� ��/ 	+  
���B�

9	��+ �� �	B� ����� 9�0��	
��� .��6�C��5�  9�� 9�0 - �	B� ����� 

F�6�
� ��������0 8�DE� �� ��J�� ?�� 9�	+ .�- �
_��	�  ��K> ��
+�

 ��	
��� ����� �	� ��/  �+ �	B�40 �60 �80  �bar100  (�� �+

 .���	= ����� ���� 9:����
�D7	� ��� 9  9��� �� ��	
��� ��K> 	0 �<+

°C500  W�� �+13  .��
 	= ��	H Z��	
��6 W��DXY 
E� �B�H�

�4� TU6@�� 9�0 [�����������
� .��6�C��5�� \�] �^�6 

T���U�� ����X�-�	
��� ����6�	��� W��0�/� �  C����� �EDX 	+ 

��6�	+ .�- 8�XY� �K�� 9� �� .�/� ��- i�^�� 9�0  :�� �0�  

1- �	� ��/  	�Ao� ���C�+ �� ��
_�6C�� � .�C�� d3D3� ��	
��� 

����� �	B� ���� .W��0�/� a��6�	��� ���	
��� �/+�� .�/� ��� �� 

@��C �  �	� ��/ 4� 40 �+ bar100� �4���� � .�C�� d3D3�  9�0

9	0�e  (�� �+ ���) @0�� �	B� ����� 9�0��	
��� �� ���� 0��  .  
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2- �+ �2�� �+ b��
� �+ 
6� ���� 4� C����� )EDX(� �3/� �- �� 

 @��C � �	B� ����� 9�0��	
��� �� 9	0�e d3D3� .�C�� ��B>	0

.
6� �
 �� @0�� .� .1���� � ?+	� .�C�� ��Y �� ��
 ��   

3- d��Y @��C � .�C�� d3D3� �0 �	B� ����� 9�0��	
��� �� 9	0�e 9

 .�- l��_ 
K2 �2�	_ ) ��� .��+ ���4 ��	� ��/  @0�� 	A� ��

 @��C � d��Y ?��fX0 .��+ ?+	� ����� 9� � ?+	� �������� 9�04�=

 ) ��� .��+ F� ���/  @��C � 	A� �� �
�+ � �<H�� d3D3� .�C��

��� 9�0��	
��� 4� �04�= ?�� .�- l��_ 
K2 �2�	_ .��+ ��- ��   

4- @���4� 9�0 ����X�-�	
��� 
�g� 	+ @��C � 
���B� .��6�C��5� 

� @0�� {	� �=���_ �� 	A� @��C � �� �
 � ���+ �	� ��/  

9�0��	
��� ����� �	B� ��
-�� .�	�4 �� 	A� @��C � �	� ��/ � .�C�� 

d3D3� �0(�� �+ ���) 9	0�e 9 @0�� �
 �� � ?�X0 	�� 	^�� �+ 

@0�� n�M� 9	�)� 8�DE� ��������0 F�6�
� �� �0��	
��� ��- ��+.   

  

5- .�a�  :�34W  
     �+�? 6���D .�=������ ?�� ���B� Q��	� 9��C,6�U6 �� 4� .��4�6 

�<6�� ;+��� 9:	�� �+ ���d 
��X7 9�0 ���� �� 4� ?�� �:�	� �
-�� 


6� �� �^+ �� ����� .  

  

6 - �78���  

       Rp            ) .��6�C��5� 
���B�Ω.cm2(  

           Ecorr    ) �=���_ d����
�mV (                      icorr      

               ) �=���_ .��	2 µA/cm2(   

     Corr. Rate) �=���_ {	�mm/year(  

 Rct                      ) ��+ 8�B
�� 
���B�Ω.cm2(  

              Cdl   ) ��4�_ 
� 	eµF/Cm2 (                        

CPE                    94�  
+�A .�X��  

           Rs       )  8�DE� 
���B�Ω.cm2 (  
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