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Abstract: Nowadays, application of implants as a new method for replacing extracted teeth have been 
improved. So, many researches have been performed for improving the characteristics of implants. The 
aim of this study was to design and produce a desired coating in order to obtaining two goals including; 
improvement of the corrosion behavior of metallic endodontic implant and the bone osseointegration 
simultaneously. Stainless steel 316L (SS), cobalt-chromium alloy (Vit) and commercial pure titanium 
(cpTi) were chosen as metallic substrates and hydroxyapatite coating (HAC) were performed by plasma-
spraying (PS) process on three different substrates. A novel double layer Hydroxyapatite/Titanium 
(HA/Ti) composite coating composed of a HA top layer and a Ti under layer was prepared using PS and 
physical vapor deposition (PVD) process respectively on SS. Structural characterization techniques 
including XRD, SEM and EDX were utilized to investigate the microstructure, morpholgy and 
crystallinity of the coatings. Electrochemical potentiodynamic tests were performed in physiological 
solutions in order to determine and compare the corrosion behavior of the coated and uncoated 
specimens behavior as an indication of biocmpatibility. Results indicated that the cpTi possesses the 
highest and SS the lowest corrosion resistance (highest corrosion current density) between uncoated 
substrates. This trend was independent to the type of physiological environment. The HA coating 
decreased the corrosion current density of HA coated metallic implants but did not change that trend. 
HAC acted as a mechanical barrier on the metallic substrate but could not prevent the interaction 
between metallic substrate and environment completely. The HA/Ti composite coating improved the 
corrosion behavior of SS. The corrosion current density of HA/Ti coated SS decreased and was exactly 
similar to single HA coated cpTi in physiological solutions. The results indicated that HA/Ti composite 
coated SS could be used as an endodontic implant and two goals including improvement of corrosion 
resistance (biocompatibility) and bone osseointegration could be obtained simultaneously. 

Key words: Hydroxyapatite Coating- HA/Ti Composite coating- Corrosion Behavior- Stainless steel 
316L - Endodontic Implant
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�-9 %��?!'� �
�(. �  �A� ��-+
%��(� ��0� �&�'���n`1�(&� 2,� ��� �S�& �O�� &� )��
��m !"�� lH?[ P��  + :�  F�/-� �+ )��,!'� �	*+

 �1��0��X/�p % �E-�/X/�� % �P���� % �)	;���(L/� %
 ��*n*(X/� %Y�"���'5��  �N+ �  �2��;/ ����� I0� &�Z

 E����!1��  + E�'�( ���	�� E-�/))�0�� �n+ 2/-� 26�' ( �+
�1��0�� F�/-��� % �E-�/m % �)	;���(�/� % �Y�"���'

LX/� % �+ ��
�W� ���6 E����!�� &� � 2��;/  �N+ � 5��
 &� -!`�+ E����!�� <�1��0�� F�/-�X/�� %��&�)  + E�'�(

�6 E����!��  D
� ��
�W� ��� (	� %��?!'� .
P��R��A

 
�=*(  +I��
 ��0� ��� �� ���n`1�(&� 2,� ���
�"/�
	�� P(�� ���?!( I��
 {�� I��
 2���
�

 %	� �1�0'U
(Plasma-Sprayed Hydroxyapatite)

�"/�
	�� 21&��(�/ 51�� I��
 �2���
�Z E����!�� 
	1�-. %��?!'�.

 ��0�� ����� &� �1��S�& �O� )����m ��8+�  + :�
 �;1-N��*p*�X	�  �A� � %	1-+  ���� %��( &� -!0���(  .

 ��0� &� ���	8� &� ���	8� � 	1�-. �?G I��
 )�	+ ��

 ��0�%��(� &� Q
 ��� �� K0/  + �H@' �&�'
 0T�' �1�0'U
 I��
 K�*�� &� %��?!'� �+ ����


(Biotal 30 H.A. Sop 008/00 P.S. System) �+ 
�"/�
	�� Q*D &� �`��
 2(�,>  + 2���
��� �� m�

	� %��� I��
 -!(�-��( . ��0�  &� ���	8� ����� I��
 �+ 
 1O 21&��(�/ 51�� ���6 E����!��  1O K1 &� F/-( ���

�"/�
	�� l1O K1 � ��
�W�	� %��� I��
 2���
� .
 2(�,>  + ��
�W� ���6 E����!�� I��
� �� X

��(�� 
�,+ ��1��� R�'
 K�*�� &� %��?!'� �+ -!(�-� �+ E
 �0'U
(Plasma-Assisted Physical Vapor Deposition)

)Lp (S�& �O�� ����� ��
 -+ )����m � 	� %	��`� :� 
�"/�
	�� Q�' 2(�,>  + 2���
��� �� m� �+ -!(�-��( 

 I��
 �(����!��  1O ��
 -+ �1�0'U
 I��
 K�*��
 %���	�.

 ��0�2��;/ ����� &� �1��ZE-�/ Z ��8+�  + )	;���(
�*��*��  + � E����!1�� ����� I0� &� %��?!'� �+ -!0���( 

K�*�� K0/ !,1
�-. �+�a��(Investment Casting)

 !,1
  + ^�-8(b�9� �-.�	1�-. 	����  .:	( �	!+� ���
	�  �A� R��@( z&�	�� � ��8+� �+ �(�(	��+ �  _�
 

  !�
 
	� E�( �+ �-�n;��9(Lost Wax Molding) �
	1�-. %��(� �  �A� -=� �
�( ��A;��9 . E����!1�� ����� I0�

 �
�-G  D
� :-!*/ &� Q
 � 	� R�� �1�N�� %
�/ 
�
R�� �R�d( !,1
 K�*�� �+ F��9 
� ��1
 &� �1-. �-.

2�-. �
�[ �/-( . ��0� &� ���	8� �?G I��
 )�	+ ��
�-.	1	�%��(� &� Q
 ��� ���	8� �  K0/  + �H@' �&�'

 0T�' �+ �1�0'U
 I��
 K�*�� &� %��?!'� �+ ����

�"/�
	�� Q*D &� �`��
 2(�,>  + 2���
��� �� m�

	� %��� I��
 -!(�-��(	�. ��0� ���6 E����!�� &� �1��
 ��8+�  + ��
�W�L*L�*�� � %	1-+  ���� j
� &� -!0���( 

. %��(�	1�- . ��0� &� ���	8�	1�-. �?G I��
 )�	+ ��	�
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��

%��(� &� Q
 ��� ���	8� � K0/  + �H@' �&�'
 0T�' �+ �1�0'U
 I��
 K�*�� &� %��?!'� �+ ����


�"/�
	�� Q*D &� �`��
 2(�,>  + 2���
��� �� m�
	� %��� I��
 -!(�-��(	�.

P����	
-+ P0!`( I,+ �� 
� ���n`1�(&� ��A��(&�

 3,`(�
�!6�' �+�1(Structural Characterization)�
I��
 ������ � �1�'�*�2���
� �"/�
	�� 51�� ZE����!�� 

 1O-1& �.�
�6 
�!�
 �+�1&
� 5�*q0� �  1O-1& ���� ���
S�& �O��)�� I��
 �+ � I��
 )�	+ ��+ . �'
-+

  !�-. E�W�� ��;9 ��8��@( 
� 2���
� �"/�
	�� I��

2'�.

P�T2R� 
	�!'�
 ����
K�*��_�-
��-
�Q�1�(Philips X’Pert-MPD System)

I��
 ���&�� � 
�!6�' �1�'�*� ��-+ 21&��(�/ 51�� 
2���
� �"/�
	��ZE����!�� 2�-. 
�-9 %��?!'� �
�(  . R���

 ��-
  !�
 
��+Kα h�( :�J �+ Q( X�L/�
E�-!"n��(CuKα, λ=1.542 Å)� �
 o 5�(��0� �  �-!���

2��� P��� &� . :��8( I+�
 �-�X/� ��!�� � N�9� -+  D
� 
 -+�-+ ���0$��� :��8( )�1-D � 2�����/ �����(  � ��+ -�(�
 _�-
  1��&(2θ) &� �� �� p�	1�-. R�,!��  D
�  .

��-
 _�-
 ��n�� :�3G &� Q
 &� K1 -� Q�1�
��D� � ��&�� ��A`��
 �  "1�N( b1-J &� )� %	�&�'

�
K �
�	��!'� 
� ��D�( ��$UJ� �+ �A�� �	� � _�-
 ���
 5��8� � �,`( c+�*( -1�' � ��1-(� ���( � )�(&� 50W��

	1�-..
I��
 s@' ������-( � 
�!6�'�1
  8��@( ��-+ 51�� 

2���
� �"/�
	�� 21&��(�/Z&� E����!��  ���'�-��( 
 ��`+�
 ���-!���(Philips XL30) 	1�-. %��?!'� �

50> �I��
 �!6��*�1 � s@' ��A�.f1� �+�1&
� 

 c1&�� ������ K�*�� K0/  + ��� )� �-3*$ �������-��(
 Q�1���-
 ��-��)EDX (	1�-. 5��8� .

 ��0� �>-$ c@N( K0/  + ��� %	� %��� I��
 ���
	1�-.  8��@( �`+�
 ���-!��� ���'�-��(.

P�1�	�' 	�!"	 �����	�
 ��A��(&� ��-D� 
�=*(  + )��'��1
U
 �1��0���-!���

 ��0� &� ���	8�  + �K�(�*1���"��!
 �O�� 2,� ���
S�& )����m ���
�W� ���6 E����!�� � E����!1�� ����� �:� 

I/�
 Y�'	� %��� :�3�� 
�� . ��.  +  ��0� -� ^�-J� ��
 ��&� )� &� s@' K1 kN�  / 	� %	����
 �-' 2��( ���( �+

&� s@' Q�' � 	��0+%��(� ����0$ 2H� �� �H@' �&�'
2�-. 
�-9 .%��(���0� �H@' �&�'  I��
 )�	+ ���

%��;*' P(�� &� Y�"���' 	�+
�/ z��;*' da�/ �+ Q�6 ��&
z��;*'�L� �� ���� Q�' � -@N( R� �+ c1-' ��`!"� �
�+-TK`6 � )�!'� �+ �1��&��+ )�-/ .  �[��U+  ��0� -�

%��(� &� Q
 � �H@' �&�'K`6 �+ 2$-'  + �)�-/
 
� � 	� %��� �`!"� -=� �
�( 2���-!��� :��H(

 ��(� 
� 
�/d( 2���-!����p 2�-. 
�-9 ��-n�!��'  D
� 
	'-+ :��8�  + )� �+ �� . ��0�I��
 ��� )�	+ 
��

%��(� �
�( 2���-!��� �+ �`!"� &� Q
 � �H@' �&�'
 
�-9 2���-!��� 
� �-=�	*!�-.�  + )� �+ �� 	'-+ :��8 . P;9

  ��0� -� -g�( s@' )�(&� -� &�) �+ V�0� 
� s@'
 ��0� -� &� 2���-!��� (	� �-�. %&�	�� Q���/ �+ 29�  +.

 ���(�*1���"��!
 )��'��1
U
 ��A��(&� ��-D� ��-+ &�
P' K1 %��?!'� �1��0���-!��� )�(&�	1�-. .  + 2���-.

 %	�
�0� ��-!��� )��*$)��0/ ( 2�
 
��+ cD-( ��-!��� �
{�;�� P(���/ ��-!��� K1(SCE)��+  . E-' :��H(

 �����1���) 	1�-�/ Y1	' :��H(�/�% l��6
�/ 26�' ��&� 
)�-1� ��1-;� �>�9 	�A� ( � :�(-� K0� :��H(  + E�'�(

 -n*1
 :��H() ���Gym/�% �	1�-�/ Y1	' ��&� ��/�%
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 � 	1�-�/ Y�'�!
 ��&����/�%	1�-�/ Y�"�/ ��&�  26�' 
E-' 2/-�)�-1� �	A`( 5(�g �&�'( :��H( {�� �� �

 %��?!'� �
�( 2���-!��� )��*$  +  / 	���+ ��1����1���
	*!�-. 
�-9.

 ����� {��  ' �.�
�6 
�!�
  "1�N( � �+�1&
� 
�=*(  +
 ��0� �I��
 �+ �������� ��� � I��
 )�	+ ]�!,( �1��

S�& �O�� ����� &� )����m��� �:�  E����!�� � E����!1�� ��
 
�/d( ����� {��  ' 5�*q0� � I��
 )�	+ ��
�W� ���6

�"/��
	�� I��
 �+�1�0'U
 I��
 2���
� ��� � %	�
S�& �O��)����mI��
 �+ :�51��21&��(�/�"/��
	��

2���
�ZE����!�����!'���"��!
 %�n!'� &� %��?!'� �+ 
(EG&G  Potentiostat 263A) +  �-����(�/ :-!*/ �

 
���� E-�  + �AW(352 Soft Corr III�
�(
)�(&��1��0���-!���)��'��1
U
���(�*1���"��!
!�-.
�-9	* .

 )�(&� ��(��±�p)� :-!*/  / ��+ ��-n�!��'  D
� 
 +K0/E�0G5+ �
�((Eyela Thermistor Temppet T-80)

�( �
�[2�-. .
 �G-( �� 
� )�(&� -�	(�
� �-D�  + < �:�� l�G-( 
� 

�@6 )��'��1
U
 _�
  + )�(&� z��	H( 
�L�±

���( �E�� l�G-( 
� � �.�
�6 P�"��!
  + 2;"� 2��
 ���
���0� :�3G ��-+ ���(�*1���"��!
 )��'��1
U


	�'
 E�W��  + �	�� � �	��/ )��'��1
U
 .
a� �(�n*� ���(�*1���"��!
 )��'��1
U
 ��A��(&� &�

�(&�+ 
�	( P�"��!
  / 	�(Open-Circuit Potential)

 
�	1�
 2��G  + <��+ %	�'
 ��.  + �	( �J  / ��X N�9� �
 &� -!`�+X±���( 	*�� -���� 2��< + �	( P��� 5�0� )�(&

 ��0� �
�	An�2���-!��� 
� ��� I1�(&� {�-� &� P;9 
��+ 2$�' �� &� -!`�+ %
��0� .�!
 I+�
 �-�P�"� :��8(

X/����( ��+  ���g -+ 2�� . � �	��/ )��'��1
U
 ���
���0�
 P[�G  ��0� -� ��-+ �	��1�-.	 . �.�
�6 P�"��!


 �,`(	� _�
  + ��� �.�
�6 )�1-D ���nT � 
5��8� �  ;'�H( P��� )��'O�
�-!"/�	1�-. . 5�n���(

^�-H�� � �.�
�6 )�1-D ���nT -� ��-+  J�+-( 
��8(
. ��0� &� %�-	� 5��8� �  ;'�H( ��� �� .

����* �%
 21&��(�/ 51�� I��
 s@' &� �-3*$ �������-��(

 1O -1�3� 
� 2���
� �"/�
	�� ����(  =GU( ��� .
�"/�
	�� �1��0�� F�/-� -=� &� I��
 ������ 
� 2���
�

 -?"�  + Y�"�/ ��&� 2;"� � �
�� 
�-9 R��@( z-!".
 ��	G�/�2'�  .

��?� b0$ I1���� � Y!"�' ��!�� -���� �+ 51� 
� �-1d

 ��0� ���K�
 � )f�"/� �-?"� �Y�"�/ )�T �-[�*$ ���

`(  1O-1& &� 5�� � �!1&��(�/ I��
 &� E����!�� %	��
	� .

 -1�3� 
�L 21&��(�/ I��
 Q�1� ��-
 _�-
 ��n�� 
 1OS�& �O�� ��
 -+ ���( %	��`( )����� .K�
 ���

�"/�
	�� I��
 ��n�� �+ �n�� �,`( � ��� 2���
�
 %	�  !6�*�(Hydroxyapatite; JCPDS 9-0432)

�"/�
	�� &� �
�!6�' -n��`� � �
�� 2N+�@( 51
��+ 2���
�
 -1�' &� �/	�� -1��N( uO�0!G�  / 2'� ���/ �n*1
��+ �+

�-��?�� Pw( ��&�� 
� ��� ��?"� Y�"�/�-!� � ��?"� Y�"�/
2'� ��D�( )� 
�!6�'.
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  ���T/EP         �-8��0��L-� � OL�� �/�A 
G��� Y���/ �5�
 X-3 
          �<i@�	�-  
� ��B �������@ %��� ?��A j9
 �� 
�T��

�-/�A0P4�-��!-/

 1O 21&��(�/ I��
 s@' ^�-.�-��( -1�3�
� ���
�(  =GU(��� . �
�!6�' � 2'� P,�,!( 
�/d( I��



�� %	� R�� �+ )� ��A�.f1� � 
�!6�' �s@' ������-( � �
�"/�
	�� I��
 K1  *�A+ z	� �1�0'U
 I��
 2���
�

2'�  +�`()Lp.( ���(�*1���"��!
 )��'��1
U
 ���
���0�
)�	+ ���� l1O-1& {��  ' E-' :��H( 
� I��


 1O-1& )�0� )��'��1
U
 ���
���0� � �����1��� 
� ��
�@1�-��� �+  /�"/�
	I��
 2���
�%	� %���	��� + 

-1�3� 
� F��-� �����X �
�  +�`( ���
���0�:��H(
 + -n*1

� F��-�-1�3����m � p%	��`(�( ��� .

  ���T/kP     �������@ ?��A OL���/�A V��A 
��8� ��B 
�
�-/�A0 �<@�	�- PC�� �B�" 
�	 �� 4�-��!-/ ���DEF)� 

 ���T/DP��B �������@ ?��A j9
 ;��1��L-�  
�
�-/�A0 �<@�	�- PC�� �B�" 
�	 4�-��!-/ ����R� �@ ���

>�l 	�!'�
�
� ]2�2!� � ���.

 ���T/m P \�� �
 
��0 � 
�/�@ ��-
���	MA 
� 	�����
?��A ���� 
��" Q�B���

aZS�& �O��  )����m�:� bZ��!1�� �����  E��
cZ ��(� 
� �����1��� E-' :��H( 
� ���
�W� ���6 E����!�� �p  D
� 

��-n�!��'

 ���T/n P \�� �
 
��0 � 
�/�@ ��-
���	MA 
� 	����� 
�<@�	�-  ?��A �� 
��" Q�B����-/�A0

aZS�& �O��  )����m I��
 �+ :� bZ I��
 �+ E����!1�� ����� 
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cZ ���6 E����!��  ��(� 
� �����1��� E-' :��H( 
� �I��
 �+ ��
�W�
�p��-n�!��'  D
� 

 ���
���0� ��.�
�6 
�!�
  "1�N( 2��A' 
�=*(  +
S�& �O�� )��'��1
U
S�& �O�� �I��
 )�	+ )�� �+ )��

�"/�
	�� I��
S�& �O�� �2���
� 51�� I��
 �+ )��
 1O 21&��(�/�+ ��
�W� ���6 E����!�� � �� I��
 

�"/�
	�� -1�3� 
� 2���
�y%	�  ��
� <2'�  ���
���0� 
 ��0� )�0� )��'��1
U
 -1�3� 
� -n*1
 :��H( 
� ���

�( %	��`(���.
 �+ %�-0� �.�
�6 )�1-D ���nT 5�n���( -1��N(

^�-H��  1O-1& {��  ' �.�
�6 P�"��!
 �  J�+-( 
��8(
�"/�
	�� I��
 �+ � I��
 )�	+ ���� ��� � 2���
�

S�& �O�� 1O 21&��(�/ 51�� I��
 �+ )�� 
� ��
:��H( )��'��1
U
 ���
���0� K0/  +  / �����1��� E-'

)�-+ _�
 �5��8� P��� �+�1:�	D 
� %	�� ��
�  2'� %	�
) ��0� )�0� �.�
�6 )�1-D ���nT 5�n���( -1��N(  / ��

� ��� %	(� 2'	+ �@6 )��'��1
U
 _�
 �+ :�	D )�0� 

�( %	1���� .(

 ^�-H�� �+ %�-0� �.�
�6 )�1-D ���nT 5�n���( -1��N(
 ��0� &� %�-. -� �.�
�6 P�"��!
 �  J�+-( 
��8( 
� ��

 :�	D 
� -n*1
 :��H(L ��
�2'� %	� .

 ���T/F P \�� �
 
��0 � 
�/�@ ��-
���	MA 
� 	����� 
 ?��A ���� 
��" Q�B���

aZS�& �O�� )����m :� b ( E����!1�� �����
cZ ��(� 
� -n*1
 :��H( 
� ���
�W� ���6 E����!�� �p��-n�!��'  D
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 ���T/o P \�� �
 
��0 � 
�/�@ ��-
���	MA 
� 	����� 
�<@�	�-  ?��A �� 
��" Q�B��� �-/�A0

aZS�& �O��  )����m  I��
 �+ :� bZ!1�� �����   I��
 �+ E����
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