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 '()��*+,�-�, 	
���, .�/ �� �+$� � ����� 0/��� 1� ��� �������� �� �"� 2����3 	���� *+, �)4" �,�3 2������  �� �56 ��7���� �  �8���

9 �� :��; ���<=� �	8�  �3 2�� �� >4"?� �-�, ��@ A5/ 1� .�� �)$ �"��3 2��3 .	C� ���D ��7�� �)� ������ �� ���E�,�)4" �,�3 @�,� 

���"��?� �
3 �-�, 9 �� A5/ 1���Zn� ) 2�G
= *����� H��1� � �,�6 ���D �#��4� ����EDXH��1� .�� I���� .	  J�8�� >4" 2�� �3 ( �/��� ��C

�L3 � ��,�� '()������� H�&� >4" 2�� �3 �� ����� 9 �� 1� �� �� MN�
� .�� �� 0��&� 2��3 	
������+3 ���-�, 2�C 	#���3 .	
 ��,�N 1� �1�	�� -

2��6 *+, >4" 2�31�-�, J�8�� 1� 0
D ���������-�, O�#,� ��	#� 9��*,� �3 �� ��� H�&� ���!� 2��� � ��,�� '()�� �/��� P���6 0��� �3 2���

 ��Q/H��� .�� �� 9 �� 2���L3�� 9��*,� >4" 2�31 ��C >4" 2�31 �� 9��*,� .�� �� 	3�� ���<C �3 P���6�� ���,�� '()�� �/��� 2��3 	����

����R .	 �3 	�-� ��1 �8��� ���-�, O�#,� ��	#� 9��*,� �3�� �2���9 ���C*�� ���;�" �3 �������� �� �S����� T���� �� ���U� H�	3 ��� ����<� 

���-�, J�</ �2��� 0��&�	�	  .C< �3 .�
V�1�	�� �3 �R��2��6 �-�, �
�!3 H��1�� ����WE �2���J�R  ����%X 9 ���  9��*,� �3 �� 	  �	C�&�

�-�, O�#,� ��	#���2���� & ��� �%X'��  �3J�R ��<�� H��1 ���-�, 2�C������� 2�����2 0��&� 	 .  

  

�E-5 :7���8 7�: �-�, 9 ����Zn � 9��*,� ���-�, O�#,� ��	#�2��� �*+, �)4" �,�3 ���������*�� 9 �� � �S����.   
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Abstract 
Dissolution of base metal as a one of the early stage during initial phosphating, could with changing the 

surface texture of base metal, affect the morphology of applied coating. In order to study this hypothesis, the 
microstructure of carbon steel after removing the initial phosphate layer by grinding and elemental distribution 
on this surface was studied by SEM (Cam Scan MV2300) equipped with the energy-dispersive X-ray (EDX) 
facility. The results shown that the small particles of the initial phosphate coating containing Zn and P, entrapped 
in the dissolved regions and notches of grinded surface. These elements could be considered as nuclei for crystal 
formation in during final phosphating. Beside, with increasing the repeating number of phoaphating, surface 
roughness increased that could be useful in rising surface activity and nucleation of phosphate crystallites. 
Thereby, with increasing the repeating number of phoaphating, fine-grained and denser coatings, without of any 
change in the composition of coating solution, were formed. Also, measuring the optimal-time coverage, 
thickness, weight and density of the coating showed that, with increasing the repeating number of phoaphating, 
denser coatings in the shorter time of operating were formed. 

 
Keywords: Zinc phosphate coating, Repeating of phosphating, Surface texture, Fine grain coating. 
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1 -���G�  

P��� ��[� �-+�W� ����3 2�C	�� ���*�, \�"� �H��� *�

) ��W3PVD(1) ��W3 ����<�  \�"� �CVD(2  �2���3� �

H_������C�.3�� ��� � �� ��C���39 �� � � �+�	
� �C�

��� ��R� O�*+, 1� �a�-/ 2��3 ���b�] 	1 O��+<= .[�-�, -

�� 2��� �;� ��1 H��
= �3�C 9 �� 1� 2� ��+�	
� 2 ����L� ��

P�� .�� J�<� �3H�1�� �C���" ��� ��@�3 '�<=� �=�" �3 � ��

�"� �  .���3�
3 �3��N �����6 e��
$ �� 2�����;1�"2 �

��C  f� H��
= �3 ���[� � �Q, �+/��] �)4" O��+<=5-1 �3 [

 2�� >4"�@�, �� '�<=�] �� 7 �6 0W+W�� 9 �� .�� .[

� 	���� ��8�� T
"�<�) �� *+, >4" � k�� ��@ .�3 �� 

]8� 3 �2 .[.�
V<C� 9 �� �-�,��  �6���; �3��3 �� ����L�

�� 9��*,� ��] 	C�9  �1 .[  

�-�, 2��3   �m� n�4m" H��m� ��  �mN�b P�� 1� H��m����2 

��� ���-�"� P�� �� �C 1� �
���� �� � �& �� ]10[ �  \�W���

�-�, P����W� 2�C������� �3 2���   � �1�	m�� �0�m  ��[� �-+�

  � ��mR�� 2�Q, � O������ pP�� 2��G�D� �

R pO�#4D ��	#�

] ���� �%��3 9 �� 1� 1��� ���� ��-�� .�
V<C11[.   

�	  P��*6 O@�L� �� 9 �� ���-�, 2�C��  ���;�" �3

*�� � S������������  T
"9C�� �� ��&�3 �6���; ��� � 	

]12  �7[ �3 2�C�����, � ��[� 2��� H��1 � ���2��� ���-�, �

�;�" �J�</ �� ��R�� 2�*R� �[+b ����<�  T���� � ��

*+, 9�� �����H�	�� �3 '�+)� O��+<=���� ����N�
U� 2�C  -

�� �
�,�����"P�� � f������� 2�C�� >4" 21�" 	
������ 

0��&� � 2���;�" .�
X	
 �3 �7� ]1� 2� 5� 10 �16-13[. 

��3�
3 �.������ �3 �� �"� ���C������� 1� ��� >4" 21�"

�6q���� ��7�� ���-�, 9 �� 2�C .���56 1�P���C 2 r+�W�

������� >4" 21�" �3 H��� ������� O��+<=��[� �� 9��

��3 H	�&� �H��� ��/ � >4" 2�� 2*+, �� 2�
�, 2�C

�"�� ��X��� s"�� 9���� �� �<X�" � � ���� ��� ��� �  �3

�8��� �� � >4" 2�31 ���U� ���U�  �H� �)4" 2_���H�*�� 

����R��+3 ��1�-�, 2�C�� ���U� �� ��] 	
C�18  �17 .[ .�� ��

 ��	#� H	�� ��R� �3 TR�� ��	  ��8�� .&; >4" ���/

����R 2��3 '�#, *���� 1� 2���1��+3 ��1�-�, 2�C ���� � �� 

�& �� �8��� �� *������ ��&��� 0] �� 17[.  

�=�	3� P�� f� �,�#� ���
� ���L� 1� A	C �3 �����21�" 

 �������O��-��  >4" J�</ ����<�  T���� �� ���U� H�	3 �

 ����-�,�"� ��[
� �3*�� �& �� �3 �3������ S����� ��"� �� 

 ���� �[� �3 O@�L� �� O�=(N� ��
<� �
��1 .�� �� 	"�

���� ��R�.   

                                                           
1 Physical Vapor Deposition  
2 Chemical Vapor Deposition  
3 Ion Implantation 

2-  H5�+,��BC  

2 -1  -+�;� I��J- KL-(�  

��1��@�C�� �@�, ?
R 1� 37 St ���#3� 2×40×50 

�+�����  '�	R �� �	  ��u ����<�  T���� �1  \�W���

 .	�	   
  

 I5��1-  �@�, ����<�  T����37St    

�G
= N S P C Fe 

��	L� )wt.%( 009/0  04/0  04/0  17/0≤  ���� 

  

���<������ 1� ?� �C21�" �������  ���

" 5b�� �+�"� �3

 ���< 180�  �310 �L�D��N�b� '�+)� 0;�� �� 2�NaOH 

10 % 2��� �370 �R�� ����"�6�� �3�X �3 ?x" � �	  ����1

	���� ��+� A5/ ��[
�	�"� ��)4" 2�C� ���<� �� �� �C

 '�+)�HCl 20 % H��1 O	� �32  �L�D��,�6 J�8�� � 1� ?� 

 ���
��� �\�&�� 	�	  f&;.  

 ?x"���<��� �CH� �-�, '�+)� f��3 ��  T����10   J�m6

 ���� �3ZnO� 2  ���� �3 J�6NaNO3� 15 �+�� ����H3PO4 

 �2/4 �+�� ����HNO3	�"� �3 �  Tm���� �3 ��1� � 0� ���21  �

4/8H��1 O	� �3 � 15 �L�D� �N�b�1�	�� .	�	  ��   �	m= 2�m�6

	�"���1� � 0� ��� �3 ���� P��H��"�  �,�6 J�8��]19[.  2���

�-�, J�</�� ��	/ *�� 2���60  ���65 ����" �R����6.��3 �  

 �	#3 �+/�� ���-�, ��@ �� ��R�����<� 1� 2��	#� 2�� �3 -

 ���<  ���

" 5b�� 1� ���-�"� �3 �C180 ���<� .	  A5/ 2�C

9 �� ��	  ����1?� �3�X 1�s���  �)� ����1  ��u �3�&�

 �	 ���-�, J�</ H�<C �� ��+/�� �� ���-�"� ���� 2��� 2

�'�� 9 ��	�	  �C� �-�,)��(J�� �
��� 2���.   

 ������� *���-�, O�#,� ��	#� ��� 9��*,� 2��� � �,��

���<�2�C �,�-�� 2��� �	8�9 �� 1� ?� ��	  s"�� ����1

���

" 5b��180 � J�" �
��� 2��3�-�,��	�	  2��� .  

  

2 -2  - �1@�=����6�
 5 M��NO �P(� :+�;�   

 ����L� .�3���;�" 9 ���<=� 2�C�� s"��  �" �C P��

 �	  ��u 2�� �3 2�G
= e�1�� �#��4� �*+, >4"����  1� 0
D

�-�,��9 �� 1� ?� � ����� 2��� ����1J�" � J�� �
����  �3

����� y��"����� f<���� ��3 *!8� �&3� EDX  '	�

Cam Scan MV2300  J�8��	  .  

��	�1� 2��62�31 ���<� >4" �C *�� 1� 0
D�-�,�� 2���

9 �� 1� 	#3 � ������
��� ����1 J�" � J�� ��%�"� s"�� �

2�31I
" Talor &Hobson surtronic 25  �  P�� �3

�" J�8�� ���1	 . ����� �� �-�, ���!� 9 �� ���WE ��

���WE s"�� '	� 9 �� � k�� I
"surfix ®pro  

 ���x<� �;�"Phynix  H�<�����1�	2��6  ���	)� .	 
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�1�	��  ���%�"� .�� s"�� ���WE 2��6100-0 �+�� � ���

H� �D�1/0± ����� O��-�� �4L� ��1��� �� ���WE .�"� ���

�1�	�� ���<� >4"H� .�%���� � 	  2��6 ���WE H��
= �3 �C

  P��*6 ���!�.	  

 �.�mm
V<C�1�	mm�� 2�mm�6J�mmR 9mm �� �-mm�,�mm�  �mm"� S

 2�C����<�J�R 9 ��- �N�b H��1�2�� ��[
� �3 .��#� J�R 

�-mm�, �mm
�!3 H�mm�1 � 9mm �� ���mm!��mm� 2��mm� 1� J�	mm� �mmC ��

P�� 2�C 9 ����C�   ���	���m"� M3�4�ASTM B767-88 

J�8�� .	       �m6� ���	���m"� .m�� Mm
NW1  J�mR    1� 	m#3 �m��<�

9 ��� �C� W2 J�R   �-m�, 9m �� '()�� 1� ?� ���<� �m� 

Zn ��@�, >4" �3 ��R�� '�+)� ��50  ���� �3 J�6CrO3  �3

 0D�	/ H��1 O	�15    2�m�� � �mL�D�75  �mR��  ����m" �m6� �

 �43�� �	 �31 ��  �1�	m�� 2��m3 	����  2�m�6 J�mR    >4m" 	m/��

 .��  ���-�"� 9 ��Sk        Tm�/ �m3 �m��<� 0m� �/�m�� *m��

����.�"� e3�  

)1(  

kS

WW 12 −= J�R  9 �� >4" 	/��)(
2m

g  

 3-Q,��� 5 R#�    

3 -1- �1@�=�7 ���6�
 +�;�  

0�  1  �� O����U����;�" 9 �� ���<=�  �@�, 2�� �3

 ���"���
3 37 St ���-�, O�#,� ��	#� 9��*,� �3 �� H�&� 2���

��.	C� �� �	C�&� �V��
X ��� �-�, �����
��� 2��� '��� 

��+32�C �-�,�� Zn ����C)1(  ��#3� �3 .�%���� ��N �3 � ��

 ���N14/118 �������� 	  0��&���	� �� �"� ��u �3 J1@ .

�1�	�� ��#3� 2��6 ��*,� J�� s"��Clemex �.�%���� O��$ �3 -

2��6  �1�	���� 0D�	/ ���N  ��+3 �	=<
6�*3 �" �� ���

r+�W�  ����G� 1�SEM� .	  J�8�� ��,�N 1�  �� 	  �	C�&�

�+$�/ 9 �� �-�, P�� ����'�� �
��� 2��� .���� S����� 

��+3 �3 �C��b O��$ �	
���� 9 �� >4" 2�� �3 �;��
��

�	 � � 	���+3 ��	#����3 S� >4" 	/�� �� �C� 9 �� �C�

.���� 0��� �.�
V<C  ��Q/z���C ��3 ��1 '�N �"���" ��

��+3 �C�� 	����;.	C� 9C�� �� 9 �� ��a�-/ :��  

 �03�L� ����+32�C ���-�, Zn ��#3� �3 *�� �+�; ���N 

99/24 ��������� �-�, P�� ���� 0��&� J�� �
��� 2���

	 �� � 	� ��	#�H� �C��  >4" 	/�� 9 ��03�D ��N �3  �!R��

�,�� 9��*,� ��"�.  �.�
V<C�&� �	C����  z�� '�N �� -

 �"���" �� �	  ��8�� 2�C��+3�-�, 2�C.�"� ��,�� 9C�� ���  

� � P���-�,�� ��#3� �*�� J�" �
��� 2�����+3 ���-�, 2�C

�,�� 9C�� 2��%<&X 03�D ��N �3�  �9 �� S����� ���C

��+3 0�� �C��#3� �3 ��  ���N43/7 �������� �	  0��&� � 	��

 ��	#���N �3 �� ��,�� 9��*,� >4" 	/�� �� �C��+3  �;��
��

                                                           
1 Hopeite 

��� 9 �� �� >4" 0���	�. z�� '�NH� ��	#� � �C �C *�� �3

��� �	�� 9C�� 2��%<&X ��N�"� �.  

  

3 -2- P(� 	@��J- +�;� M��NO 5 

���-�, �
�!3 H��1 .��#� ��[
� �3 � 2���J�R  ���!�

����<� �9 �� 2�CJ�R 9 ��-H��1W� 2�C�N�b r+�� 2�

�-�, P�� �" �C 2��3�� 0�  �� 2���2  .�� .	�	  S"�

9W3 1� �C����<��	  r+�W� 2�C  �3 �� �"� 0/��� ��R�

 �� r+�W���� � 1�" �-�, 9 �� 0��&����� ��� � ��.  

  

  

(r��)  

  
(\)  

  
){(  

 K��1- ����G� SEM 1� >4" 9 �� ��<=� P�� �3 �

���-�,2��� r�� (�'�� �
��� \ (J�" �
��� ({ � J�� �
���  
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����  :�,�� .�/ I?#�- ��L(�  

f<��-�, 2�Cf<� �$�G; �� �ma �� 2*+, 2�C  �� ��m��,

'�+)�'�+)� �� � 0/ 03�D 2	�"� 2�C    �m|
; �m� 21�m3 2�C

 03�D ��b'()�� J�</ .	
��C�-�, 2�C��  �,�m� �1�	�� �3 2���

 	
��C 2	�"� � �� *+, �� ���%
C 0;���� ���D '�+)� ����6

 �m� �+</ *+, >4" �3 	�"�     �� �m��U� �� �m��/ .m�� �� .	m
�

9
��� M3�4� *+, >4" ���8� '�+)� 2�C1   �2 	C� �� }�:   

-�� �[+b 9��*,� � *+, '()��H 2*+, 2�C 

-  �|
;�� 2��/�) 	�"� H	H  H_��	m�C 1�6 �3 H_��	�C 2�C

H��� ������� 2�C��	� 9��*,� � (2pH     

Fe  Fe2+ +2e-  )1(  

2H+ +2e-  H2 2)2(  

����  :�,($�/ ��
- ���$  ��L(�  

 H�*�� 9��*,�pH z��&� 0G, �� *+,-'�+)� ���/ �

 '�+)� 0;�� �� �� '��#� ���-�,3�� SC � ~-/ 2��3 .	�1

�-�, 	�"� f��-� �'��#� �	8� �3 �LN�
� �� f�pH @�3� 

 9
��� M3�4�3 �� �[+b .���3�
3 ��	  J�8��H2�C ���-�, 

 9��*,�����+3 \�"� �� 	3���-�, 2�C�� �� 0�!�� �� 	C�

]2�[ ]5[ ] �16 M3�4� � [�� ���[��X1  .�� \�"���+3 �3 �C

H��� 2���C����� 2	����� J�8�� 2] �� 20.[  

)3(  H3PO4 H++H2PO4
- 2H++HPO4

2-  3H+ +PO4
3- 

���� �;�� S;
� ��L(� :� �$�/ 7�:  

�-�, 2	#3 0/��� ������ �2���H�� �3 O�-�, 2�CH  2�mC

�� � >4" '()�� 1� � �� �	  	���� .C�H  �� ��R�� 2�� 2�C

    � ���m� �	m�� ��m<� �������� O�R�!� �� u�-� M��N 1� �J�</

 �-m�, '()�� 03�D��b O�3�"�   �-m�, � .mC� �m�  .mC� �m�-  2��

�-�,)��+�,2 9
m��� M3�4� (  2�mC4  �5�     *m+, >4m" 2�� �m3

�� 0��&�      �m� �m�+W� �m3 *m�� �m���� �� .	��m H   �� .mC� 2�mC
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	�"� 2@�3 �=�"�  2��/� �8��� �� � ���<� ����	#�  2��&�3

H����� 1��C )H+( 9��*,� �pH ���	)� �3 H� �� �� 2�

��+3 �-�, 2�C�� ���/ �3 �� ��#��" �� �� 	
C��; ��R� '�+)�

�� }�	C�  �����R �=�" .���3�
3��+3 ��1�-�, 2�C 2�� �3 ��

��1 >4"�� 9��*,� ��@	3��.  ���C����<� .�� J�� 9W3  �3

 9W3 ��
�� �+=[=�*+, >4" 1� �< M��= ��@ f� s"�� ����

 ��"� �	  ���� 9 ��H�*�� 	�"�� *+, ����,�� 9C�� ����  �

 � 	3�� �� 9C�� 2��� ���-�, �=�" �8�����?�  � 56 1�

*�� �W&� H��1 O	� f�� O����U� �� J�R  9 ���� ���/

 �"�]22-24 .[ .���3�
3 H��
= �3 H��1 .�� �
�!3 H��1

9 ��  �C�s"�� P�����-�, 2�C � J�� �'�� �
��� 2���

 '�	R �� J�"2 	  P��*6��.	� .�
V<C �1�	�� �32��6 

9 �� ���WE �C � .� �� �"� ��J�R  �9 �� ���WE �

 ���%X9 �� 	  �
"�)� )  '�	R2 ( .  
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�-�,�� -

2���  

J�R 9 ��  

 )g/m2(  
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 �
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�
���J�� 25/14  3/6  262/2  12  

�
���J�"  25/7  6/2  788/2  10  
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���z��   �m3 2��m�1 2�C
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9 ��  ���<=��-�, O��+<= 0/��� J�<��� 2��� J�� �'�� �
���

�J�" � �,�6 ���D �"��3 ���� �D� �3:  
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D����� 2?� � '�� �
��� 9 �� 1�����1 ) 0� 4( 

 ��Q/��,�� '()�� �/��� *��2  ��>4" 2�� �3 � 1� ?

9 ��) ����1 0� 4 ){(�� (  �3 �R�� �3��� � 1�" 
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*+, ��&�3 '()�� 0����-�, �+
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� �2�����*,� ��,�� '()�� �/��� �#"�"� ��,�� 9 0� )4 
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= 1� 2�
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 �$�
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���
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