
� 48�    � 5�                               ��������	                                Vol.48,   No.5 

2019�      5�                      RARE METAL MATERIALS AND ENGINEERING                     May    2019 

 

�����2018-05-20 

���	����	
�	�����������SKLTKF17B06� 


���������1997���� ��!"#$�	%&'()*+,-	.�!" 100044�E-mail: 16121353@bjtu.edu.cn 

 

������� TiC �	 Inconel 718 
��� 

�������������� 

 

���

1

����

1

��  	

2 

�
��

1

�  �

1

����

1

 

(1. !"#$�	�!" 100044) 

(2. /0�	�/0 12 850000) 

 

�  ��3456�789� Inconel 718 :78;<=�>?@ABCDE)FGHIJKLMNOPQ9LR TiC

ST Inconel 718 789��78;<U9VWXYZRU9VW:[\]^_`aPQb�c-�deRSTf TiC

:ghiU9VW:[\jkl78mno
�<p=q:rstu�vwRU9VW:78<p%xX_yz{|

U9VW]^}~���[\jk� TiC STf�IY�S��f��7��78mno<p������U9VW

z����:;<=X 

����DE)FGHI�Inconel 718�[\]^�PQb��78;<= 

�������TB333        ������A        �����1002-185X(2019)05-1497-08 

 

��������	
� Inconel 718����

������ γ"-(Ni

3

Nb)�������� γ′-(Ni

3

Al)

������

[1,2]

���� �!"#$%&!'()

%��	'*�%+,-./0�12345678

9!:;.<=>?@ABCD��E�FGHIJ

K�LMNCD

[3-5]

OPQ��	"R%�STU�V

�WXYZ[+3\56]^4�_`ab��	�R

c�defghij�klmNCD

[6]

�no�pq�

	"R%rst Inconel 718]ua3vw�LMO 

TiC���x yHV 20230 MPaz!�{0y3067 �z!

,-�|	��	"R%!}&�~�~A%O�Z

������F�����T�TiC �������

 y4.95 g·cm

-3

z�kl��y0.125z�,-�"A�

�%��	y�� 1100 �z��%���I TiC��

���+����
IOno�TiC r��3�"R

�
�� "R�
¡¢�£��

[7-14]

OTiC¤¥£�

Inconel 718��
��¦§����£���¨©ª

«¬� Inconel 718
��� �®%K¯

[15]

OChen 

Hong .

[14]

°3±²{���³´µ�¶·5¸¹

TiC/Inconel 718�
¡¢�>º»¼½¾+¯�¿�

TiC ÀÁÂ� TiC ¤¥>�¹Ã��¡¢�|	"R

%�x ÄÅÆ«¬¿��4·Ç¡¢�£��

TiC�ÈÉÊ���ZË�ÌÍÎÏÆÐÑÒÓ*�!

Ô�ÕÖ��¡¢5¸�u×ØÙ�ÚÛOÜÝ�É

Ê���ÞßÅ{0�ST�!àáâãäJI��

+Tå�æ� TiC ^��
���£���YZÄç

èéêãµ Inconel 718��·�ëìµßÅ}&Ë�

��í·��î>ï TiCS Inconel 718��	£�^

3�ðQ�î� Inconel 718��	"R%+��	

� O 

ÐÑ.ñò{���óôIJ³´(powder plasma 

deposition manufacturing, PPDM)õö\>t÷êøôO

ù³´ú�
�ÐÑ û��.ñòü¢{�����

ND CAD K�ý_IJ�þõ�J����FNC   

D

[16]

OPPDM ³´�î�Í¹�3��³´56�	


��	D
�µ�]���!]�!��56IÒ

�!��°3��!�����.W0

[17,18]

O 

���S4 Inconel 718������×µ��5

¸!@��]��A����SZ���%+�pq.

��

[19-22]

OQ°3 PPDM³´ÉÊ
I TiC£� Inconel 

718��	��"R�
����L�� !"#$O

Ò%&°3 PPDM³´�� Inconel 718
�ÐÑ!'

Ð��()*+
ÐÑ�É��µ H13 ¶��·5¸

¹� γ-(Ni, Fe)������ γ"-(Ni

3

Nb)�������

�ÉÊ�� TiC �F�����	"R£����	


���	"R�
��O���
���«,���

ê� TiC -¯S�
���«,x ��	.?Rc

%+�ÚÛ/0�12�
����	Rc@�O 



�1498�                                       ����VW',-                                              � 48� 

��������

��33H13A^K�¶�Z�4IêÜ5 1�6O

��5�7@�R²�8²93:;<=>?O33@

Ä¥ � 53~150 µm� Inconel 718ÐÑy�4Iê"5

2z!¥ A75 µm�'Ð�¥ 45~109 µm��()*

yNi-¯ 72%�B¯ê�zC5¹ Inconel 718:Ti:Ni(

)*yB¯ê�, %zêD� 62:23.5:14.5!50:29.5:20.5!

36:37.5:26.5� 3E+
ÐÑ�@�+
Äç9F4GH

I×JGO�
���5¸µ�5� PRM-01�ÐÑ.

ñò{���óôIJK¸·LM��3NOPÐ�

Þ�°3�QRÔS
�{SLMTU��5 3�6�

]�V�LM.ñò{���W&�ü¢X��YZ�

50 mm[20 mm[10 mm�W\�Sa·Ç 3E�]+


ÐÑ�W\^_`a� 1#!2#� 3#O 

�3ûbcdeý4.ñòfg�hbci5¸

��W\�3���� HF:HNO

3

:H

2

O=1:3:5�#$j

#$W\O�3 MDS�²4��«,kyOMz�FEI 

Quanta 200 FEG�l>mfg�kno�
��«,

��p°3 XD-3� XmûqmryXRDz�
+s

ryEDSzê��
������IOX mûqmê

�V��tfgô 2°/min�u� 0.02°�Cu v Kα

mû�fgw 30°~80°�x�H 36 kV�x�y 20 mAO 

°3 MH-5L �«,x ìzW�
���«,

x �{| 500 g�{|T}
~ 15 s��E��Äz

¯ 6ai�@Ä�O�	.?klRc%&µHT-1000

��-9Þ�	RcW&@·LM�SR�� Si

3

N

4

�

���W&	 630 ��Rc
~ 30 min�{|êD

� 3�5� 8 N��Sûô � 16.889 m/min��.?

Mu 506.7 mO�A�+V����É��	
�

Inconel 718^�à\��o�
����	klRc

%+O�35�8�Ê����z¯R�� !� 

�Rc���°3�j�Þì�Rc�O 

V

W

NS

=

                              (1) 

Þ×�W�Rc�ymm

3

/N·mz� V�Rc��ymm

3

z� 

N�{|yNz�S �Ê�yszO 

������	
�

���� XRD �����

�
�� Xmûqm�sÜ� 1�6O�� 1ª

��3E�
������I�Ä��� NaCl��F

��� TiC���������� γ"-(Ni

3

Nb)���

����	� γ-(Ni, Fe)V��O»¼+
ÐÑ×

Inconel 718 -¯�£��TiC �(111)�(200)�(220)

.��qm��� ��j��Q γ-(Ni, Fe)���q

m�yÜ(111)�(200)�(220)z�qm� �«¬£�O

XRDê��Ý5��+
ÐÑ× Inconel 718�TiÐ�

Ni(C�B¯��ÚÛ¹�
����I��-¯Q

SZ��I��ÚÛO 

�����	
�����

1#W\«,��J�Ü� 2a�6���E��·

èéêã¼@ÄYZ� 1~3 µm���E¤¥���O

EDS ê��Ý5����E¤¥×� ¡�-¯�

Ti37.6-C46.7-Ni6.6-Cr3.4-Fe2.6-Nb1.8-Mo0.9-Si0.4 

(at%)��
 XRDê��Ýª���E¤¥� TiC£� 

 

 1  H13!"#$� 

Table 1  Chemical composition of H13 steel (ω/%) 

Fe C Si, V Cr Mo Mn P, S 

Bal. 0.32~0.45 0.82~1.20 4.75~5.50 1.10~1.75 0.20~0.50 ≤0.03 

 

 2  Inconel 718%&'�"#$� 

Table 2  Chemical composition of Inconel 718 alloy (ω/%) 

Fe Ni Cr Nb Mo Ti Al 

Bal. 50~55 17~21 4.75~5.5 2.8~3.3 0.65~1.15 0.2~0.8 

 

 3  ()*+",-./$01234 

Table 3  Parameters of plasma melting deposition manufacturing 

Sample 

Current/ 

A  

Voltage/ 

V  

Scanning 

speed/ 

mm·min

-1

 

Powder 

feeding rate/ 

g·min

-1

 

Working gas 

flux/ 

L·h

-1

  

Shielding gas 

flux/ 

L·h

-1

 

Overlap 

ratio/ 

%  

Single layer 

deposition 

height/mm  

Gun-to-sample distance  

(distance from bottom of 

nozzle to upper surface of 

substrate)/ mm 

1# 90 35 90 3.5 80 200 30~45 3 10 

2# 95 38 90 3.5 80 200 30~45 3 10 

3# 100 40 90 4 80 200 30~45 3 10 
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$ 1  ���� X%&'%$(  

Fig.1  XRD patterns of different composite samples: (a) 1#, (b) 2#, and (c) 3# 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$ 2  ����)*����+, 

Fig.2  SEM images showing the typical microstructures of different composites: (a) BSD micrograph of 1#, (b) BSD micrograph of 2#,  

(c) BSD micrograph of 3#, and (d) local magnified SEM micrograph of the rectangular region in Fig.2b 
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 3   2d���������� EDS�� 

Fig.3  EDS spectra of the corresponding regions in Fig.2d: (a) region D and (b) region E 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4  �� 2d������ EDS�� !"#$ 

Fig.4  EDS mapping showing the different elements distribution in the area of Fig.2d 
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Table 4  Thermodynamic data of carbides (�

��

�G/kJ·mol

-1

) 

Carbide reaction 1000 K 1200 K 1400 K 1600 K 1800 K 2000 K 2100 K 

Ti+C= TiC -173.03 -170.72 -167.84 -164.95 -162.06 -158.43 -156.06 

2Nb+C=Nb

2

C -181.90 -179.62 -177.38 -175.19 -173.00   

Nb+C=NbC -137.09 -136.96 -136.89 -136.81 -136.82   

7/3Cr+C=1/3Cr

7

C

3

 -43.80 -48.88 -53.88     

23/6Cr+C=1/6Cr

23

C

6

 -74.85 -77.31 -79.56 -81.04 -82.73   

3/2Cr+C=1/2Cr

3

C

2

 -9.75 -11.63 -13.52 -15.15    

2Mo+C=Mo

2

C -49.94 -51.04 -51.85     

Mo+C=MoC -13.43       
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 5  89��>@ABCDE.FG 

Fig.5  Wear rate of composites as a function of test loads 

 

 

 

 

 

 

 

 

 

 

 6  89��>@H0BCDE.FG 

Fig.6  Wear volume loss of composites as a function of test  

loads 
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 7  Inconel 718:89���IJKLBMNE.FG 

Fig.7  Friction coefficient as a function of test time for Inconel  

718 and composites  
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 8  Inconel 718:89���>@O�PQ SEMRS 

Fig.8  SEM images showing the worn surface morphologies of Inconel 718 and different composites: (a) Inconel 718, (b) 1#, (c) 2#,  

and (d) 3# 
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 9   8a��� A� EDS!" 

Fig.9  EDS analysis of region A in Fig.8a 
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 10  2#89��>@O�TOUPQ SEMRS 

Fig.10  SEM image showing the worn subsurface morphology of  

2# composite 
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Microstructure and High Temperature Wear Resistance of TiC/Inconel 718 Composites 

In-situ Synthesized by Plasma Melting Deposition Technique 
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Abstract: In order to modify the high temperature wear resistance of Inconel 718 superalloy, TiC reinforced Inconel 718 superalloy based 

composites were in-situ synthesized by co-axial powder feeding plasma melting deposition technique. Microstructure and in-situ synthesis 

process of the composites was analyzed. The effect of volume fraction of the TiC reinforcing phase on microhardness and high temperature 

dry sliding wear properties of composites was discussed. The high temperature wear mechanism of the composites was also studied. 

Results show that the microstructure of composites is refined and dense. Microhardness values are remarkably influenced by the volume 

fraction of the TiC primary phase. The higher the volume fraction of the TiC primary phase, the higher the microhardness values of the 

composites. The composites exhibit excellent wear resistance under high temperature dry sliding wear test conditions.   

Key words: plasma melting deposition; Inconel 718; microstructure; in-situ synthesis; high temperature wear resistance 
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