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Investigation of Defects in Ferro-Tic Composites and  
their Prevention  
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Abstract: The effective parameters that influence in situ cast ferroTic composites were investigated. Centrifugal casting of 
specimens was carried out using ceramic & metallic molds. OM, SEM and XRD techniques were used to examine the existence of 
flows in the specimens. Results show that the control of chemical composition, processing, cooling rate and heat treatment has  
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a promising effect on the quality of specimens. Also remelting process leads to the hemogeneity of matrix by uniform distribution 
of secondary phase. 

Keywords: Cast composite, FerroTic, remelting 
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 	I�g� 8� 6 ��8 &��� ]�t[./ m5��7�� U�'�7Q 3�7�� �7@

 &� U= 6/ �@ �h�� >���N  �7� � B�C U27� /�47� U��7<

  �  ��Q &��@ .8� V7;' �W�27�. �7@ B�C �;h�7< U= �@ H/�N

 �77D�< >77@�Q  ��77� �77�� ]+[.B�C ��;)77'�  �775 &��77W4. 
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 G)U2"5��!� �� ���/ P�	^Fe-10%Ti-3%C5���� JK	� �� J�	/ ;� 5
 �H���	� I.�@ �� ($  �	/'

5-��� ���\��:'O�.	�]� _�3%� :_�����R$Z�� '�H���	� I.�@ 

  /�47� U=   HC �75 &@�g� 2��@  ��8 &��5 H8�2'� �@ �4;�8

&� &� iQ�/ �W�  B�C �;h�< �`<  �� �7@ E;<�< O�2@ /  �� 

c.�75 U27� /�47� �N�7� I�g�   B�C ��;)'�  c��V��

&� 2@�� .H8�� O;@ ���-� >P�  �8= 6w�'�   }��G� V7;' �7.

 &� ��Q f�T� �`< � �J�)� O�� 62[ �< 2.  .6�./�;'  �D/

 B�C 6/�7[ B_�;�   :;<����/2;. �7��G �7@ 	27��D 6�

:�5 ��'= U2� &� 245 .H27�21 O7�� �h�   ?7�@ B�C ��7��;1 

&� �;;�< ��'= �5�[ �N�� / H2� 245 ]+[.

<24272G�3�� 

>S777� )"(�777'��' 6��777'��'   68�777R B��777e[ 8� 

Fe-10% Ti-3%C &)7� E7��Q :�   H2� ��(� ���[   

U�-' �&�2. .

6��777J(J(< 8� �7�' }�7Z �7���8�9��5 8� ��7�  O7��  

 ��(� ���T� 6�R �d�'� / 68�R 6��J(J(< �;�' B��7e[ 	&^

 24���� 8� &��' �5 6�W�  ��� 	 �a�� &� 2'�� .&��.24����  

 &� H245��1 I�g�   A/  H8�� �5  ��6��@ H8�7� �7��@ i�8�< 

&� A/  2�=   �5�[ �@ I�g� �)��@ .�7� Y8�� O�� O;[  

 U�7S�� v;7`� �e)7�<� / I�g� O;@ ��-;@ ��d<� r�`� ?j�<

�D/ I�g�  8�R��-;@ U2� >[ �   .

�7'��D U�S�� ����8�9��5   O;7[   68�7R 6�7�@�d[ &7'8

 �77a;�'   �775  �   �77D/ A/  H8�77� �K77� 6/ �77@  �77�a'�

 &� ��'= U2� /�4� ED��  ��.U= �7@ H/�N O�7��;1 U�7S��

  �7D/ B�C �75�[ O;7[ A/  8�7� B�C �@ 68�R 6��@�d[

 �  ]�[.

�7�(� O;[   &��5 �;��;� A2N 7`' / 6�7R  �7�a'� H�

 6/�[ &4.= 6��@�g�TiC H27�N 8� &S� _ O��7<  �7a�� >7�

 ��(� B�TKQ   H�e[ H2� ��� .U��. 68�R B��e[ �7j

 >S�   �5)+(�7@  �7R M���75 B�7Z �7@ �7�� b(-� 

�'��'   }�Z &`K� &7� H2.�-7� �. 2'�7� .8� 8�7R  //

 v;`� �e)�<� 	-45�/ ��7. U27� md7[ / I�g7� U/  6��

 U/  @ B�TKQ ��7W�  8� &7W�(� E7��4��' v���7� >7;� 

 68�7R B��e[ >���N 27'� .�7@ E7Jz� �75 &7^�d�'� B��7e[

 �'��'   ?�4��' B�Z &� H2.�-� �. 2'�7� 	�7h�   M�<27�N

��g�< &�  �a�� B�TKQ   E��4��' 6�gR 2'�� .U��. �7'�R

   H�7e[  �a�� >���N 8� &S� &��5 �;��;� A2N 2� �5C �5

B�TKQ ���	&@�;�7�  6��@ &��;�;� E;5�< ���45 �a;�'  

�5 8� �774;�@ &77�a[ �)775 �77@ >77���N 8� &77S� ?;'�77�;< 277;@

���45 �;��;� H2445 B��e[ �a;�'   /��� .�;`Z &[��j

 �77�g�< / &.�77W.� ?�)7;� E77;5�< ��77�45 �7745   6�g77R

 &� &��;�;� 27Q�� B�7TKQ �G�7� �7@ 6 �7�8 :7�5 27'��<

&^�d�'� B��e[ 245 .
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)q��()I()|(

G) `2	/����� 	��a�5��!� �� ��� �*��" �:D.�(��"b`�!:" $Z�� TiC'�H���	� I.�@ �� M.�� 5��!� O�&# 

�(b`�!:" $Z�� TiC'�c� I.�@ �� 5��!� O�&#:d G�3�� �����(`�!:" $Z�� TiC'�c� I.�@ �� 5��!� O�&#:M.�� 

<242<2��� $�\

B�dN �@ �� / 2��;' ��W8� �W�  &S� I�g� 8� E��Q U2-' �1 

�'��'   H2� H2.�-� I�;N ��(� 6�. H27� 6�7R �7�� �75 

&� H2.�-� B�TKQ   M��T@  �� .A/  8�7� ��7[ �7@ �D�< �@

 HC 6����8�9��5  ��� ���� 8� c;@ E;N O�� � 6� �;h�7< �7`<

 &� ��Q 2.  .��7. 6�7�@�d[ U27� md7[ ��7[ 	B�7TKQ   

�����G�' B�C / ����G= ��[ 	A/  8�� B�C 8� &�_�@ �� ���

 c45�/ �h�   /  &��;�;� 6�. &��75�' �;��;� >JN 8� I�g� U

I�g� 2'�]+[.

 >S77� )�(�77'��' &���R�77� � ��/�P77< �77@ &��77.

 / &)7� E7��Q f�7' /    A/  8�7� 8� q7J�(� 6�.2Z 

 ��� H2� H �  U�-' &S;���� .E��Q   H2� ��(� �'��'

 �7@ &)7� E7��Q   H27� �7�(� �7'��' �@ �d)' &�;����

 ?;'�77�;< 277;@�n B�C 8� U�)77�� 6�.277Z  )�l277Z  

&�a[(�7@ >7��n �7j �7@ I�g7� / ����  6���@ �;��;� 

E��Q >G�  �7�� H �7n �2;1 U�;� .6��  6�7. �7'��'  

�� ������5 8�� B�C 8�	A/  ��-;@ �;��;� 8/�7@ ��7��[� /

E;N���5&��� .

U277777u I/C �77777K�' (Fe-4%C)?;'�777777777�;</�� /

(Fe-72%Ti) H /2`77777777�   ��tt �77777< ��lt �77777D  

 ��W777777;�'���77��]�� [	I/C 8� 277T@ �J77Z���@ �77a;�'  

 g77� 3�77�< /&77JN �77<�@   ��@� I/C ��77�  �77a�� ?77z

)��tt  ��W;�'�77� �77D  (B�CTiC �775�`� /�77;' �77`< 

&7� >;S-7< &�_�@ 2'�7� .�27'� 	�27��8B�C O7�� >S7� / H

I�g77� �77;�/� &��;�;77� E77;5�< / I/C v���77� �77@ &W�)77@

 �  ./ I�g77� :77� &��;�;77� / &77S�V;� F��77G 8� 6�;)77@

 ��5 �77� / w�77;�= :77� 6277T@ F��77G �77� 8� &T@�77< �77�8�9

��'= �77;�/� &��;�;77� E77;5�<�77� .:77� V' ��77x� U��774N �77@

 �77.w�;�= �77x5�   :77;S<�� �77K�' �77@ w�77;�= E77;5�< U �77@

 O;7[ I�g7� �;��;7� c��V7�� / I/C �7K�' c.�75 ED��

��(� &� 6�R  �7�]y[.�7@ �7D�< �7@ :7;</�� 6�7���8�9��5

 27;��< Y/ U�7�)�7D  Y/ (= �7;�@ 8� c;7@ �77`< �7.w�;�

 >7��N O7�� �;h�< �27' 8� :7;</�� 6�7���8�9��5   �74;�8 ��7�8

&77� >��77� � 6w�77;�= 6�77. _�� f��77'� �77< U277u  �77� ]�X[.

&77� E77��4� &��;�;77� E77;5�< I�77(�'� �77. 277;��< �77@ 277'��<

 / B/�77e�� F��77G �77a;�'   / H277� �77a4� �77�'= 8� :77�

 ��77�N� I�g77� �77@ � &77Z�G v���77� 27745 .&��;�;77� E77;5�<

 < �@ H/�N A/  8�7� f�7' / �27�� �7@  �  �74;�8 �7@ �5 6�;h�

�77�� �h�77� V77;'.A/  8�77� U�V77;� &��;�;77� E77;5�<   �77;;�<

&� I�g� �;��;�   �;;�< ED�� / H �  �;;�< �  ��.

B�C O7�� 8� 6 �7�8 �� �7��  �7D/ O�77^ I�g7� U/ 

 �7'��D 6��@ &d��4� p�K� 	U= �;��;� 8� O���5 / H �7@ &7'8 
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G)  V2($  G��� 5��!� �� G)  �)�	
 O���	/ G�)�� : Fe-10% Ti-3%CO�.	� 5-��� ���\�� ����	" P��3!� e��	  ':0�	K 9	/

 �� 5��!�CYfgY
P$� 54	�  O��� �5��!� ��&
� '��* �� 8�� :5��!� 5������ ��* 	h@ 5
 ��g/4_�N g	�� ����� 

&� ?.��� � 6�;�G  ��a'� B�dD�� = / .B�C �27�� �;h�7<

 �@ A/  8�� 8�S)�/ �7���  �;h�7< 8� ��-7;@ E7<��� �@ ��� .�7@

 8� U�)7S� v���7�   �75 �7�� H2� H2.�-� &@�a< B�Z

 B�C 8� 6��-;@ �� ��� 6/�[ �'��'   &W�(� I�;N	 2;��<

	A/  8�� ��� ��-;@ ]+[.

<242j2����	" P��3!� �� � �� ���� 

�' 6�2�W' B�Z  �'� 	U �75 ��;4�7�= 6�7�    �.C�y*t	

B2� �@ �5  �@ ?;.��G &��8 �;���R H2�21 2.�� �@F��7G

 ��� �h�� &���' �TKQ &S;'�S� .�'��' &'_�j 6�2�W'  �7.

 �K@� ED�� �@ ��  O��)�(>�2d< Ed� �27��1 �d� 8��Fe3C

&� �;���R �@ ��.

)�()C980(GrCFe3
oγ+→

�< �;���R&S��@ B�Z �@ H2� 2;� 	���>S�)�.(

77��@&h�77< ;77e4� �&�����R  �77a77;�77�' A��`�77�� �77@ �&�

8�9��n�</�� �;iD��   o]�[��� H2� H /= .

 ��7� 8� ��7�  O7�� }�P7� H27�N 8� �7S4�� �7@ �D�< �@

 &� &-��� }�P� U��74N �7@ U= c�' / �;���R ��[ 2��@

 ��� �@ &�dx� �;h�< 2��D 6�S4z/ ��7[   �TKQ &-��� ��/

  �  c��� .�'��'   F��7G 	H27� &7<��[ B�7;J�N 6�7.

 �7;�' �(7� &��7.8�� ��7[ �7�d�� �75 �7����  �d�@ &-���

&@ U=�@ &��V4<�� �);' �;h�<]�\[.

 >S� )�(6�7�'/����� 8� &7'/����� |���/��;� ���P<

 ���'�h�'��' ���)�   H2� H2;]�� �tt H27� H /= ��� �7��.

Q �'��' O�� ��7� &7<��[ B�7;J�N �7`< c��7� 8� >d / c��

 ���R ��Q �-R�@.�7.8�� B/�7e�� &7<��[ ��)d'� E��^ 6

&4.= / 62;@�n ̂ �d�'� / ��)d'� ED�� O;7@ B/�7e�� 6�� �7�'=

 ��< �'�;[� / c4<  �a�� �@ �a;�'   / H2� 	���-7� >P7�  

 �a4� A�S`��� 8� �5 H2� �8 / B�C O;@ 2'�;1 �74;   / ��7��5

 &� ��Q c��� �`< �5 6 ��� ?;'�7�;< 27;@�5 B�C 27'�;R 8� 

 ��� �xn�   / c��� AV;'��� �;;�< B�dD�� / H2� H24n �4;�8

&� ?.��� � &-��� ��/��� c.�n  /=]�+ /�l[.i7D���  

]�/�[�  ��   >Pe� �j �@ �d4D ���� / c��� AV;'�� 6�.

 &<��[ B�;J�N��� H2� ~`@ .

�7`< &'_�7j U�7�8 B27� 6��7@ �7'��' �75 6 ���  

 ��Q >;'= B�;J�N &��  �7G O@�5 s�2< �@ �'��' �K�  �;R

 ���� �@ >�2d< ����'   / H �  ��  8� &��7� .>S7� )�(

�P<��>��� �'��'��2Z <;'��;/ ?\O@�n 2Z  �7@ �75

 B2��X6��    �N�� y*t��W;�'�� �D   '=;��� H2� >

�U�-' &�2. .�'��' �K� M���5 @ H2� H�@�5  ��75 6�j

�'�   &���� 6�.�P<����� b(-�.6�7�'��8 �7@ �D�< �@

 �'��' �K�8� &eJ�(� >Z��� U �5 ��;4��= 6��    6�2�W' 
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G) k2	��a� SEM 5��!� ���/	
 ����	�).� �� Fe-10% Ti-3%C 	� O.�" ��� 8�� ($  O�/	
 

O��c� 5
 0$  ($�l�� �� $&
mYY	�� 

G) n2($  ����	" P��3!� 5��!� '5��� 5��!� oh� �� O�	� ��* Fe-10% Ti-3%C '_����� ]� _�3%�R$Z�� 

��Q H2�21 O�� �;h�< �`< &��7TKQ &��7�' A�S`�7�� 8�/  �;R 

&� 2.�5 .��21 O���' �@ H2�s2��'=]��[  �nO;[J�N 7;B�

<��[&��8�9��n 8� ���  O����H2.�-� H2�	 �  ��@�K� .

<272?@��� p�� ��*��)*�� 

U��.  �5 �'�R 6�2�@� c(@ \&��;�;� E;5�< 2� H��� /

�77JN /  �G�77� Y/ B�77TKQ   I�77;N  �77a�� H277�N

&W�(� 27'� .�G�7� Y/ :7� �7@ ?5�7[ v���7� ��7�45

 &��;�;� E;5�< I�(�'� / b(-� E7��4� 6 �7�8 27[ �7< 

&� I�;N c.�5 ED�� �� .�@ &��;�;� E;5�< ���45>;�  

�4;�8  �a�� B/�e�� 6�.��G�� �@ 6� �� �7��  �7a�� O;4{�.

 � H27445 O;7;T< / &7���� &-7�' ?;'�7�;< 2;@�5 8� &</�e��

���  2.��G.

�Q�77'�3"/?�)77;�   c'��77S�.Fe/TiC	�t277Z  

'��;< 2;@�5 8� &�a[ �TKQ  �a�� 6��@ � ?; ?��7� 6� �7�(�  

 �7���� �7@ �5 2' �5  ��4-;1 :;<���� 6�R O7��    �7D�� 6�7.

  �  ��@�K� c./01 .�� �7��   �75 27' �  U�-' O;4{�. ��'=

 8� ��-;@�t�TKQ �G�� 6��@ 	A/  8�� 2Z  ��7�N� ?��7� 6�

 �7�� 6/�7^  �7�a'� ��7[   �TKQ �@ �-� .�G�7� 6��7@

�TKQ &7� ?;'��;< 2;@�5 8� 6��-;@ �� ��� 6/�[ ?��� B8� U��7< 
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G) q2����!�� �.��&� W*� ����–M������ $�
���]�[

6�77W�  6��77�/�77�(� �77;�'  �775 H �e�77�� &-77@�5 6�77R.

O�VW��D  �75 �7�(� Y/ U&-7@�5 6�7R  /27[ �-7� �7@ 

psi �ttt �<�@ U/   ��a'� ED�� &� �7� /�7'��'   7.6�

��;)7'�  8� 6���@ s���' ���'�h 8�� B�C 8� 6 ��8 �� ��� 6/�[

��� ����  &1   � >(J(< c.�5 /]��[.

E7��Q cG�7u �N�� �u �. V5�� 8� V��R Y/   6/�7[

 7@�D U�S�� 2��@ ��-;@ I�g����7� �7@ ��Sd7� B�C &��7D

 / V5�� 8� / H2� ��-;@ U/�;@ ��� �@ &4.= I�g� U2� H2'�

 6�� ����5 >(J(< U�V;� 8� �W�  &� :7� ���N� O���@�4@  ��

 �7TKQ �@ &@�;��  6��@ �4;�@ �N�� 6/�7^ 6�7�� ?��7� 6�

���.�;�� U�V W�)@ �N&n�< �@7;7� E;�;�&�� /7;8�7� U�V

 �  A/  .�777'��'  �777�  Fe-10% Ti-3% C ��� rpm 

d��4� �N��&(-< ;2� H �  b.

&^�d�'� / 68�R f��'�   >(J(< � &@�;N �W�  8� �75 ��

 &� H2.�-� B�TKQ   M��T@ �� .�h�   68�R B��e[ 3�7�<

 ��.  // / v;`� �e)�<� �@ �<�@ ?;��)�  �a�� U= �@ &� �7� 

E��4� �e)�<�   I�g� ����`� O���@�4@ &7� 27[ �7< 27'��<

 O;��7< � B�7TKQ ���� 6 ��8 2745 .�7@ I�g7� �7���`�

 � 8� &77S� &77x4G 8�77R �e)77�<� 6��77@ 6 ��4-77;1 6�77.�S.

 68�R B��e[ ��[ 8� 6�;R�JD ��� . &7^�d�'� B��e[

6 ��� &� ���N� I�g� �@ &d��4��' I/C ��� �5V7;' /  �7�

  �7a�� B�TKQ   &.�W.� ?�);� E��4��' &[��j &7� �7� .

�77�(� ?�)77;� E77��4� &77[��j / E77��4� 6�77�    6�77R

�TKQ   E;N O�� 8/�@ 8� i'�� &.�W.�&� &W�(� B�� .

M��7T@ �75 �7�� &@�7;N �W�  8� 2��;' B�7TKQ &7G�@   
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