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 1  GH4169!�"#$%� 

Table 1  Chemical composition of GH4169 (ω/%) 

Element Ni Cr Fe Nb Mo Ti Al C V Mn Co 

Content 52.14 18.86 18.23 5.348 3.187 1.096 0.547 0.036 0.071 0.025 0.07 

 

 

 

 

 

 

 

 

 

 

Ê 1  ¾Ë��hPQ\cÌWÍÎ+ÏVW 

Fig.1  Microstructure of raw material and EDS analysis of precipitates 
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Ê 2  ÒÓD[\��°Gx³NPQÔÕ 

Fig.2  Microstructures of NbC particles under different thermal deformation conditions 

 

 

 

 

 

 

 

 

 

 

Ê 3  ÒÓD[\��° NbC_`h¦§abS�¨V© 

Fig.3  Average size (a) and volume fraction (b) of NbC particles under different thermal deformation conditions 
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Ê 4  1100 Ö°ÒÓ[\¡hGx^y��Á�³NPQÔÕ 

Fig.4  Optical microstructures of the central region in samples with different deformation at 1100 Ö: (a) 0%, (b) 30%, (c) 50%, and (d) 70% 
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Fig.5  Histogram of size distribution of NbC particles with 

different deformation at 1100 Ö 
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Fig.6  Flow stress curves under different thermal deformation 

conditions 
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Fig.7  Temperature rise under different thermal deformation conditions: (a) rising temperature and (b) actual temperature 

 

 

 

 

 

 

 

 

 

 

� 8  1100 )*�	+, 70%�-./0 TEM12 

Fig.8  TEM images of sample with 70% deformation at 1100 ): (a, b) morphologies of NbC particles, (c) HRTEM image of NbC  

particles, and (d) inverse Fourier transform 

2 nm 

c 

2 nm 

d 

1 µm 

a 

Dislocation 

 

200 nm 

b 

Dislocation 

0.0 0.2 0.4 0.6 0.8 1.0 1.2

50

100

150

200

250

300

 

1050 � , 30%

T
r
u
e
 
S
t
r
e
s
s
/
M
p
a

True Strain/%

1050 � , 50%

1150 � , 70%

1100 � , 30%

1100 � , 50%

1050 � ,  70%

1150 � , 70%

1150 � , 50%

1150 � , 30%

1060 1080 1100 1120 1140

30

40

50

60

70

 

 

Temperature/�

D
e
f
o
r
m
a
t
i
o
n
/
%

14.20

20.20

26.20

32.20

38.20

44.20

50.20

56.20

62.20

1060 1080 1100 1120 1140

30

40

50

60

70

 

 

Temperature/�

D
e
f
o
r
m
a
t
i
o
n
/
%

1077

1091

1106

1120

1135

1149

1163

1178

1192

a 

b 



�1778�                                       34�56789:                                              � 49; 

����45��ê«�NbC:;�¡¢RÑÒ

T
�Bu 4 C�45�Ã 30%·�NbC&êgh

ij���i45��>¥45�Ã 50%·�g��

R4��0IÓÔäI450I���45�ê«^

70%·�¸¹ºv³gh� NbCij>,�uZi£

0ëwÊ NbC�¼½
�

[31]

Ä 

= 1

1

=

n

i

i

L L

n

∑

                    ( 4 ) 

- 1

= 1

1

=

- 1

n

i j

j

i

L L

n

 

 

 

∑

                 (5) 

O?, 

i

L

Ãs�?� it NbC^�ì n-1t NbC
�

��½ã; L

j

Ãs�?� it NbC^� jt NbC�


���> 

wÊÇ:Bu 9 C�́ u?¥�í¤ NbC�¼

½
���45��íP�«¬�ÄÍ45Î NbCi

¢RT
>45�Ã 0^ 50%·�NbC�¼½
�í 

 

 

 

 

 

 

 

 

 

 

 

� 9  ��� 1100 ����	
� NbC�
��� 

Fig.9  Average spacing of NbC with different deformations at a 

temperature of 1100 ��
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Fig.10  Schematic diagram of NbC particle distribution under different deformations: (a) 0%, (b) 30%, (c) 50%, and (d) 70% 
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Fig.11  Stress-strain curves (a) and fracture morphologies (b, c) of flash welded tensile specimens 
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Abstract: The effect of thermal deformation on the size and distribution characteristics of NbC particles in GH4169 alloy was studied by 

thermal compression test on Gleeble 3500 thermal simulator, microstructure observation and statistical analysis. Results show that the 

adiabatic effect during compression leads to a further increase in the core temperature of the sample, thus providing conditions for NbC 

re-dissolution during the deformation process. The high dislocation density region formed by the NbC particles and the matrix during the 

deformation process promotes the diffusion of the elements and accelerates the remelting and passivation of the sharp corner regions with 

small radii of curvature. With the increase of deformation, the NbC remelting tendency increases, and the average size and volume fraction 

show a decreasing trend. During the deformation process, the metal flow promotes the displacement of the NbC particles. Under the 70% 

deformation amount, the average spacing of the NbC particles increases more significantly than that of the 30% and 50% deformation 

samples. Therefore, with the increase of deformation, the NbC particles have a distribution characteristic from chain→chain 

bending→chain direction change→dispersion distribution, which promotes the fine and diffuse distribution of the original chain NbC in 

the matrix. The results provide a direct reference for the improvement of GH4169 flash soldering performance. 

Key words: GH4169 superalloy; thermal deformation; NbC; size; distribution 
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