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Abstract 
In this research, the TLP bonding of IN-738LC nickel based superalloy was studied using MBF-15 amorphous foil produced by 
planar flow casting process. The bonding process was performed at 1130-1170 °C for 5-60 min under vacuum atmosphere. 
Microstructural examinations revealed that the eutectic phases formed in non-isothermal solidified zone (ASZ) are Nickel and 
Chromium rich borides and Nickel silicides. Nickel silicide fine precipitates forms within γ solid solution via solid state precipitation 
during cooling. The blocky and acicular Cr-rich boride and carboboride precipitates were observed at diffusion affected zone (DAZ). 
The fraction of center zone eutectic and intermetallic phases was decreased by an increase in the bonding time. It was found that 
isothermal solidification was completed by performing TLP process at 1130 °C for 30 min. However, the isothermal solidification 
rate was decreased with increasing of TLP bonding temperature up 1170 °C. The shear strength was increased by completing of an 
isothermal solidification stage and elimination of brittle intermetallic particles in centerline of the bonding zone. The SEM 
micrographs of shear fracture surfaces of the specimens with complete isothermal solidification showed ductile and specimens with 
athermal solidified zone showed brittle fracture. 
Keywords: TLP bonding, IN-738LC superalloy, Amorphous foil, Isothermal solidification, Planar Flow Casting. 
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1 Transient Liquid Phase bonding 
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 '�� �C 6�	7 �
3�8 �4�90��� ��-1 :��A�, .2����
� �04�5�

F�	G .�4���� ���� �
H�� )Planar Flow Casting( �7 ����� �


,� ���a�� �C  ;�<��TLP  2����IN-738LC  ��	J ���B
,� ����
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 	D� :��A � ��� 	�a� ����	  .�4	
����� 	��v� �Ci�U .��� �
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�7���T� ����U
,� d��S . .�	�� ;�TG� �C ��7 ���� ;�<�� .�4
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,� A� ��7DTA ;�� (NETZSCH 

STA 409 PC/PG  =���A� >�� P�/�� .�	C .�7 ���B
,�30 �^�� -

 :�D�� A�D :��	1 
U� � ��7 ���� ��	J ��������� ���C �� ���� A� P	D

 u	� �C°C/min 20  .��� ��°C 1300 
,� �C .�7 ���� \��	Z A� ���B
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,� A� ���B
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,� ;�^U� �� �4

 \�� �C W���,�	
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3 -1-1-  ��M��ASZ   

 ��Z�� ��
S�,V��ASZ  @�7 lC�c�3 - .2��� ��� .���� �`

�� ���� ��T/�� ���T4	�Y r��	7 �� �� 
,� ���
���� ��Z�� >�� .���

 ���T4 ��T/�� ����	  @�T�� 
-1 � �� :��A ��1� P�G @��� �C �

�� @��0� ��C ]�B� 
-1 �^8� ��	U� .�	�� :�7 �	, ����	  .��	D

�� ���T4	�Y ��T/�� 	���<� .�7�CSEM  ��Z�� ��
S�,V��ASZ  ��

 @�74  	���<� A� �� ��c��T4 .
,� ��7 ���� :�0�SEM  �� 

 ��
S�,V�� �
,� |H0�ASZ  6^
H� A�  t�� >���o @��7

��  .�7�C  

 V����� O��
�SEM/EDS   ;�<�� .V�	� ��Z�� �� 6^
H� .�4A�

 ;��1)2) k��� �37� �0N� V����� 	���<� � (X-ray mapping (

 @�7 lC�c� 6^
H� 	8��G5  .�4A�  �\�C�,� >�� �� ��� :�0�

 >��wT4 � @��� ����^�, � P�	� � @��� A� ��Y .�����C W�
����

 ����A �� @��� ����^�, V�� \��]γ �� b�j�� �C PAg �
��� .��7�C  

 V����� r,�� ��C 	<�G ��1� �� 
,�EDS  �C ��� ���	D ���,��7

 V����� �	/�� r,�� k��� �37� `(1 @���EDS �T� V����� :���� �

 r,�� :�SEM .���� 	���  


����� @��0� @��7 i4 �C r��	� ��T/�� ����� �� =���1 � �4

�� �;�^U� 	8��GV�� @��0� ����� ��Z�� ��
S�, ASZ ;	
�� ��

 �C ���1 ���� V^  p	
0� @<  A� ��T/�� 
-1 �� ���/�� A� .���T�

 ��1�� @C�J ���(� ��
S�,V�� @��0� �
,� `�(� .V�	� ��Z�� 
T,

��A�  .�7�C γ  �7� �
����� @�7 �C E���/���1 p	
0� @<  A� ��

�� �� :�	� �	, >�Z �� �� 
,� .���1 A�  >���� ���� ��Z�� >��

�� @��0�� ��C 	�a� ����7 @Z 	8��G �A�  >�� �
,��� �7� �C .��7 

) W� A� 	
T� =���1 h�	j �C i���^�,k<1k� `�(� 
T, �C ( ��A  

  

  

  

 -)��2-  3�6��7 V4���SEM/EDS  -�.�/ ��M�� �* ��	 9�
Y� ?�E(�:TLP  ��	 �*/* -�.�/ ��1�� ?��* �*°C 1130  ���( )5 �H�>*  

��Z��  A�    ����T�7 h��	�)wt%(  
Ni Cr  Al  Si  Ti  Fe  Co  Nb  Mo  W 

ASZ 

 @��� �����C  01/76  05/4  92/0  26/1  64/4  86/0  83/1  32/6  00/2  12/2  

 P�	� �����C  11/5  07/68  94/0  27/0  10/1  39/0  36/0  39/4  30/10  08/9  

@��� ����^�,  33/81  46/4  41/0  05/7  98/0  91/1  70/1  93/1  23/0  00/0  

 \��]@��� ����^�,  07/64  38/8  23/1  47/9  56/1  10/2  53/1  90/5  01/2  74/3  

ISZ   ���1 ;�^U�γ  94/72  92/9  16/1  53/2  33/1  16/2  86/1  63/3  53/1  95/2  

DAZ 

��A�, \�C�,�  03/38  84/23  50/3  85/0  62/2  10/0  85/4  47/2  68/7  06/16  

���^C \�C�,�  21/45  76/19  42/3  34/0  07/3  14/0  45/7  04/3  32/6  25/11  

 ����A A� γ ���/�  26/57  98/14  07/4  76/0  98/2  42/0  48/8  86/2  24/3  96/4  
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	4-  +4)�.�SEM  ��M�� (/ASZ  -�.�/TLP  ?��* �* ��	 *��4/°C1130  ���( )5 �H�>*  
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�� .���7��9�4� ��  �-�� 
a^Y � ��7 ��Y ����7 @Z 	8��G A� `�(�

 A�  �� �-�� 
��RZ �Z A� 	�g�C �Cγ  .��T/�� .�4A�  ��C�� =��V �


����� >�C �����_�� @��0� �4.���7 :�7 @Z 
�^C�J �� ���/�� A�

 � @��� �� i���^�, 	<�G :�7 @Z 
�^C�J �C ����N� �� ��C 	<�G

 P�	��C h��	�  
,� 	
T�]16[  ����3� .A�  P�	D��� lC�c�)Ni-B  �

Ni-Si h��	� �C @��� �� i���^�, � ��C 
��RZ �Z �at.% 3/0  �

at.% 8 ��i�� �(�7�C
T, �C ��T/�� >�Z �� ��C .�4  k� E��� A� 

�� W��V� W�
���� h��	� �C �� E��� A�  h��	� � ��7 ��A .�A�,

 
 	0�� �C P�	� � @��� .�����C \����	� @��7 W�
���� A�  >��	C��C

 ��Z�� �� ��T/�� ����	 ASZ �� @��0�.���7  

 ;��1 O��
� lC�c�2 ��Z�� �� ��7 @��0� .�����C .�4A�  �

ASZ �� .V�o�� i���^�, ���N� .���� :�0� t�j�� >�� �� ��7�C

�� \����	� >�� �� 	<�G >�� 
��RZ P�G ���4�.�7�C  �C >��	C��C

 ��A k� ����� �J�C E��� A�  
T, �C i���^�, ���T/�� ����	  
 	0��

 :�7 ��Y �C 	/�� � ��7:� �� i���^�, A� .��7 �	, r��	7 
U�

C >�	S� �E�	, :�7 ;�<�� .V�	� ��Z�� �� ����� �J�C E��� A�  =H

�� i���^�, A� ��Y �� �� @��� ����^�, W�
���� @�7 �C ��7�C

 ���1 ;�^U� ����Aγ �� ���� ��T/��@�7) ���.�4 4- .(� � 6��  

 ��T/�� ����	  �m �� �� .����^�, � .�����C .�4A�  	C ��RG

 ��Z�� ��ASZ �� @��0� �� V�� @��� ����^�, V�� \��] ����7

 �4A�  >�� ?�	m� 	���<� lC�c�SEM @�7 �� ��7 ���� :�0� .�44-

�� ��4�0� @C�J ��� � .�7�C A� \��B
� `�,� \��] >�� .2��� ���

�� W�
���� @��� ����^�, A�  .2��� ��� � ��T/�� >�Z �� �� �7�C

�� @��0� `�(� A� i�N
�� ��m �C.��7  :�0� \�C�,� >�� .2��� ���

�� \��] >�� @��0� @��G ���1 
��Z �� `�,� =���� W� �� �4�

�� V�� .�7�C .�4A�  ?�	m� �Z��� �� i���^�, .g�C 
a^Y �C �1�� �C

 >��wT4 � ���
����=4�� �C 	a�  �C @��� �� i���^�, 
��RZ

��� =4���  ������ .A�  P�	D��� lC�c�Ni-Si ]16[ ��� �/�
� :���

�� 
 	D � .��T/�� .�4A�  @��0� A� k�  A� :�7 �	, >�Z ��

) @��� ����^�, V�� \��] �g�C .���Ni3Si ( .�4A�  ?�	m� ��

 ���1 ;�^U� ����A �� � ���
����γ �� `�,���� @�7) �4 - .(� � �

 ;�<�� .V�	� ��Z�� �� �-C�0� .V^  >�C .�4A� TLP  ��7 ��/��

 r,�� .�42�������4� ;�<��  @��� ���� .�42����	��, �� 6^
H�

	9�� >�NNU� r,�� V��  
,� ��7 '��VD]10�17�18[.  \����	�

 ��Z�� �� ��7 @��0� ���
���� .�4A�  � .�����C ASZ =4�� �G�C

?�c3���� ���-� ;�<�� .	�(�?�c3�� =4�� 	C ��RG �4A�  >�� .���7 -

 � �D���S @C�N� �� 
���N� �.	�(� �� ��7 ��/�� ;�<�� :��,������

�� =4�� V�� ��4�]3[�C >��wT4 .  �Nc�� �� �4A�  >�� ���Z �c,��

ASZ  .V�	� ��Z�� �� ��C =���1 
^G �C V�� ;�<�� .��� .���

�� =4�� ;�<���� �/�
��� .�C��>9T4 \��^TG 
���C E�A�� .A�,

 ��C 	<�G >�� :�7 =H� � ]�B� .�	C r��	7 @�-�� � @S�� �� 	<�G

>���� .�4��� �� ��
S�,:��A � 	�  `�] A� .	�D�^1 
-1 	
0�C .�4

���V4 =��V � �G�C ��S �� �	�D \��8 �
����� >�C lm��� :�7 -

�� ��7 P�T� .�4�� �� ��7 	�] 
����U� .��	D `�H
�� �C :���

���D �C ;�<�� :��A h,���.� �Nc�� ��ASZ  ��	9� @��0� ��
C� A�

m	C.��T� ?	  
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	5- ) Z
4/ �[	/ �YH� 3�6��7 +4)�.�X-ray mapping ��M�� (/ \��]� +%��@ (ASZ  -�.�/TLP  ?��* �* ��	 *��4/°C 1130  ���( )5 �H�>*  
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3 -1-2-  ��M��DAZ  

 @�76  ���	
��� ���,�	��� 	��<�SEM  ��Z�� A� DAZ 

;�<��TLP  .��� �� ��7 ���� ;�<�� ���T�°C 1130  :��A �5 

�� :�0� �� �N�J�:�T4 .�4� �� ��4�0� �� ��m ��Z�� ���7DAZ 

�� \��B
� .2��� ��� t�� �� �C �C�,� \��] @��7 :�7�C1 � ���^C (

2 .��A�, (���9o  V^  p	
0� @<  A� �^8�  =��V � �C ���(� \�C�,�

���� ���� =4�� ;�<�� ��Z�� � �� V����� O��
� .���SEM/EDS 

 ;��1 lC�c� ��Z�� >�� �� ��7 @��0� \�C�,�2 �8�� ���4� :�0� �

 A�  �C ����N� �� P�	� 	<�G .g�C ��
���γ �� ���/� .�7�C��o	4 

 ���,�	��� WT� �C >C	� � ��C 	8��G ���N� >��3� :����SEM 

�� ��a
�� ��� ����� ��1� h�	j � ���� V^  �� >C	� ���Z @��� �C ���

 �C ��C .g�C @��T� >��wT4 � @��� �� :� i� 
��RZ � ��C .g�C ]�B�

 .�����C�C	� �� � .�����C .�4A�  �P�	� �C .V^  >�C \����	� ��/��

�Z�� � ���� V^  >�C p	
0� @<  �C ���/� ��Z�� �� P�	� A� ��Y �

 @��0� ;�<��.���7  
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	6-  +4)�.� SEM ��M�� (/DAZ  -�.�/TLP  ?��* �* ��	 *��4/

°C 1130  ���( )5 �H�>*  

  

 �Nc�� �� ��7 @��0� .�����C \�C�,� �A����DAZ  \���/� ��

 V^  
T, �C � ;�<�� �Nc�� A� :�7 ��� �C � ���C 	�V�� ;�<�� �Nc��


7�� V�� \�C�,� ��3C� �����	� ���C >��wT4 \�C�,� >�� .���7 ��m

����A	� �� �U�1	��� @��0� �4 �C ��7 ���� :�0� ��Z��) ���	D

 @�7 �� :����6- ]�B� �C ���T4 ��T/�� �^Z	� 
G	, �� �/�� A� .(`

=4�� 	8��G ����T4) `�] �cN� ���4�B  �Si �C `�(� �Nc�� A� (

�� ;	
�� ���� V^  
T,����A	� ���7�� �4 �U�1	� lm��� ������

 >�� �8�� �� ����A .��7�C ���� V^  :��� �C 	8��G >�� ]�B� .�	C

 \�C�,� ���	D 	
0�C ���� V^  �� �-�� 
��RZ �Z A� ���� V^  �� 	8��G

����A	� �� .�����C�� @��0� �4 
��RZ �Z �� �/�� A� .��	D

C 
��RZ �Z A� 	
0�C ����C @��� ����A �� i���^�, ���C @��� �� ��

�� ��C A� 	
T� @��� �� i���^�, ]�B� h�	j � 	m A� � \�C�,� ��7�C

 .����^�, \�C�,� � ���C .�����C ����TG �Nc�� >�� �� ��7 @��0�

�T� @��0� ��Z�� >�� ��.���7  

  

3 -2- -�.�/ ?��* +�,^� -�.�/ ��M�� ���2��34� +�  

 ����	 ;�<�� �C ��(D E��� A�   ��Z�� A� .2���� 	8��G ]�B� �^�,�

�� ;	
�� k�3��C � ���� V^  �C ;�<�� 	C ��(D	�_n� .�4	
����� �(� ���7

 >��3� �� ��g�C 
�T4� A� :��A � ��� ����T4 .2���� 	8��G ]�B� .��

 @�7 .
,� �����S	C ;�<�� ���-� ��
S�,V��7  ���,�	��� 	���<�

.��� �,V��
S���� ;�<�� ���T� ;�<�� ��Z�� ��  @��  A� ���B
,� �C ��7

 ?����MBF-15  .�4��� ��oC 1130 �oC 1150  �oC 1170  �

 :��A30 �� :�0� �� �N�J� .�4�:�T4 �� ��m |H0� ��  	���<� A�

 ��T/�� �^Z	� �
,����T4  .��� ��°C1130  :��A �30  @��� �N�J�

 ���1 ;�^U� @��7 ;�<�� ��Z�� ��
S�,V�� � ��7γ �� .�4A�  � �7�C

>�C \����	� >��wT4 � ���
�����T� ��4�0� .V^  �C �1�� �C .��	D

 @�7) ;�<�� ��Z�� .��
S�,V�� 	���<�7�� |H0� ( �C �� ��	D

 .��� =��V �;�<��  A�°C 1130  �C°C 1150  �°C 1170  lm���

>�C .�4A�  � W�
���� ;�<�� .V�	� ��Z�� ��
S�,V�� �� ����/� .V^ 

��7 	4�� A� ��� =��V � �C ���T4 ��T/�� u	� =4�� .���1130  ��°C 

1170 �� ��:��T� ��1�� \��8 �� �C :���  

 1 ( ����	  t�	7 �C;�<�� 	8��G �=4�� ���4�  ����T4 `�] �cN�

� A� i���^�, � ��C�� ]�B� ���� V^  
T, �C ;�<�� ��Z�� @S� �C .����

 .��� �;�<�� �Nc�� �� 	8��G >�� �8�� =4�����1 �Z  `�(�

 .��� :��,� �C � �
 �� =��V � ��Z�� >�� �� ��1�����1 �Z  .��� �C

;�<�� ��T/�� ����	  ����T4 �� A�Y� ���� V^  �C ���/� �Z��� A� � ��	D

 ��Z�� V�	� 
T, �C�� ���� ����� ;�<�� .��� =��V � �C .���;�<�� �

 .��� :�7 :���� .�	C PAg :��A���1 �Z  .��� � `�(�;�<�� 

�� =��V � .�C���C \���G ��	9 �� ;�m .	
0�C :��A ��� =��V � �C -

 ��T/�� �� �0����T4  k� �(� .��7 @��� ;�<�� �Nc�� ����� ��Z�� ��

.�4��� �� ����	  :���� A� °C 1150  �oC 1170  E���J�C� �����  ��

�C �
,� .2���� 	8��G � ��C A� ��Y �� ����� ��Z��  \����	� \��8

�� �T/�� .�����C.��	D  
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	7-  -�.�/ ��M�� ���2��34� (/ ?�1� W1
�)+
�� +4)�.�TLP 

 R��, ���( �* ��	 *��4/30  (\6/ ?�E��* ) �H�>*°C 1130
  (_oC 

1150  (` )oC 1170  

  

  

  

  

2 ��RG ( 	C V�� ��T/�� >�Z �� ���� V^  .2���� 	8��G =���1 �>�� 	C

 �� .
,� ��(D	�_n� |H0� .��� �� ;�<�� ����	  P�T�� :��A .��

;�<�� @��  :�7 `�] �C � ;�<�� ����	  ����
C� �^Z	�  .���N� ����4�

�� @Z `�(� �Nc�� �� V�� ���� V^  	8��G A� ����	  .��	D :�7 @Z

����A �� ;�<�� ��Z�� `�(� �� ���� V^  	8��G ���1 � `�(� .�4A�  ��

�� ����� ��,	C ����������	� ;��3� �C :�V�� ���� =��V � �C .�C��

 ���� V^  .2���� 	8��G �8�� �(� � ��7 `�] ���� V^  bc, A� .	
0�C

 @Z ;�<�� ��Z�� �� ������ =��V � ���	D� 	_� �� .�C�� ������ >�

P����
�� 	�a� ���� V^  .2���� 	8��G �� :������ � P��C���� �>
�9�� �

�� @Z `�(� �Nc�� ;�^U� �� 	8��G >�� 
��RZ �� �/�� A� .���	D

 ���1γ  �C 	8��G >�� ����T4 ��T/�� ����	  
 	0�� �C �
,� >����

�J�C `�(� @S���� ��A k� ;�<�� ����� �Nc�� �� ��������7  ;��1)

2�J�C `�(� ���T4 ��T/�� �^Z	� 
 	0�� �C .( ����� ��Z�� �� �����

�C ;�<�� �� ��Y ���� V^  .2���� 	8��G A� O���� ����3� .��� � ��	D

�� =4�� :� ��T/�� ���N� �� �/�� A� �;�<�� .��� =��V � �C .�C��

 �J�C ;�<�� �Nc�� ����� `�(� �� ���� V^  	8��G A� .	
0�C�� �����

 ���1 ;�^U� :��� A� 	8��G >�� ]�B� .�	C .	
0�C :��Aγ  A��� ����

�� =��V � ;�<�� ����	  :��A �/�
��� � ���C .�C�� 
G	, =4��
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