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Table 1  Chemical compositions of GH4169 alloy 

(ω/%) 

C Cr Ni Nb Mo Ti Al Co Fe 

0.036 18.86 54.14 5.68 3.187 1.196 0.547 0.08 Bal. 
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� 1  GH4169<=>?? M EBSD��¡¢� 

Fig.1  EBSD grain orientation maps for welding seam (a), incomplete recrystallization zone (b), coarse grain zone (c), 

and base metal (d) in the flash butt welded GH4169 
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� 2  � 1~ GH4169<=>?? M��¥¦§¨©ª� 

Fig.2  Histograms of grain-size distribution for welding seam (a), incomplete recrystallization zone (b), coarse grain zone (c), 

and base metal (d) in the flash butt welded GH4169 in Fig.1 
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Fig.3  Average grain size of the weld zone in flash butt welded 

GH4169 
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� 4  GH4169<=>?? M¬>?h®k¯i&M{` 

Fig.4  Microhardness evolution across the welding interface in 

flash butt welded GH4169 

 

yKdý�Ë��ý�÷þ��ÉÊ (öý)

>âøù 2 Jú)KdÞß (k�Åº����=

5a êÉÊ��z� SEM =)ÜÝa��Jc\«�

��ê*É²�����)��{Kd�{0ê 7~8 

mm)ÃÄ`�Kdý����cKLefg\u��

���\«3O�I�Kdý�ÉÊ�� SEM=|ø

= 5bJú)3v��£EP*�M� ÷N�}~I

i)Kdý�ÉÊ½ÕuIi��O���Ë���

����G`Î��EM�

[21]

� 

0 9 18 27 36 45 54

0

5

10

15

20

b

0 5 10 15 20 25

0

7

14

21

28

 

 

F
r
a
c
t
i
o
n
/
%

a

0 7 14 21 28 35 42 49 56

0

4

8

12

16

20

 

F
r
a
c
t
i
o
n
/
%

Grain Size/µm

c

0 5 10 15 20 25 30

0

6

12

18

 

Grain Size/µm

d

0 2 4 6 8 10 12 14 16 18 20

4

6

8

10

12

14

16

18

Distance from the Welding Interface/mm

 

 

 

A
v

e
r
a

g
e
 
G

r
a
i
n

 
S

i
z
e
/
µ

m

-15 -10 -5 0 5 10 15

 

Distance from the Welding Interface/mm

– –

–

3600

3400

3200

3000

2800

2600

2400

H
a
r
d

n
e
s
s
,
 
H

V
/
M

P
a
 



�3842�                                           �������	
                                          � 47� 

� ���GH4169 ������	�
������	 

���� 

Table 2  Mechanical properties of the tensile samples 

extracted from the flash butt welded GH4169 

bar and the BM (base metal) 

State σ

b

/MPa σ

0.2

/MPa A/% Z/% 

Base metal 1065 905 39.02 62.26 

Welding seam 771 397 36.24 58.71 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 5  GH4169������������������ 

�� SEM 

Fig.5  SEM images of flash butt welded GH4169: (a) grain mor- 

phology of fractured region on the tensile samples and   

(b) fracture surface of the tensile samples 
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�� ! "#$ 

Fig.6  Typical stess-strain curves of the tensile samples of 

different states extracted from the flash butt welded 

GH4169 bar and the BM 

 

 

 

 

 

 

 

 

 

 

 7  GH4169%�&'()*+ TEM,- 

Fig.7  TEM microstructures of GH4169 alloy: (a) base metal before solid solution and (b) base metal after solid solution at 960 ./2 h 
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 8  GH4169��>����&'()+�!?:; 

Fig.8   Mechanical properties of base metal and weldments of 

GH4169 alloy after solid solution treatment: (a) ultimate 

tensile strength (UTS), yield strength (YS) and (b) total 

elongation (TE), reduction of area (RA) 
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 9  GH4169%���&'()+� SEM89 

Fig.9  SEM microstructures of base metal of GH4169 alloy after solid solution at 920 ./2 h (a) and 980 ./2 h (b) 
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 10  GH4169����������&'()*+�@A,- 

Fig.10  Optical micrographs for welding seam (a, e), incomplete recrystallization zone (b, f), coarse grain zone (c, g), 

and base metal (d, h) in the flash butt welded GH4169 before (a~d) and after (e~h) solid solution at 980 ./2 h 

 

 

 

 

 

 

 

 

 

 

 11  GH4169������� EBSD@BCDE 

Fig.11  EBSD boundary misorientation maps for welding seam (a), incomplete recrystallization zone (b), and 

coarse grain zone (c) in the flash butt welded GH4169 
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 12  GH4169�������������� !- "#$ 

Fig.12  Typical stress-strain curves of the tensile samples of 

different states extracted from the flash butt welded 

GH4169 bar and the BM 
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Fig.13  Mechanical properties of base metal and weldments of 

GH4169 after solution-aging treatment: (a) ultimate tensile 

strength, yeild strength and (b) total elongation, reduction 

of area 
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Fig.14  SEM images on the fracture surface of the tensile 

samples: (a) WS-3 solid solution treated at 960 ./2 h 

and (b) BM-2 solid solution treated at 960 ./2 h 

 

���µ�÷�5À����&���}��N_J

��÷����&¨� 14a W"#XY6� ���

��&���	��<®¤C¶£��&®§�¤¥$

%»�¯-Ä2��T!"!�&��¯-Ä2#ì�

¤¬�Tº��$2&%â&'&H'Tº��

[21]

&

������}�4�R b$"#� 

�<./(P»�<C�3)4E�&�<Ô�

�¯ !b$&¨g�����	M�)�KL��

3)4�^Ã&l]���	������¯ !�

)N"#�'���-���	�&;:3)4�

E�&V38pq$%"#���*�<ÔHI��

�	�&WÛH�<C
���µ¼��&+,�

�<C\÷$2�T�-.�*���	��GHI

�T�����}/_�0�T�GHI���	�

����&µ�à12���	�&HI�¯3�&

9���Ë"V�� !456��)&'}¸º�

��������*á÷&R pq\÷»"#�

b$&�������<7KLC��®§¤¥&�

�¯�T-Ä2;:®§¤¥F8�T!" *É&

(P¤¬���$2&Tº&'M°<Tº����

T�9:N�9�<Ô��� !;º#OKL&�

�9:?@�<�ÔW<-0���	�GHI=T

Cracks 

a 

b 

0 3 6 9 12

0

400

800

1200

1600

 

 

E
n

g
i
n
e
e
r
i
n
g

 
S

t
r
e
s
s
/
M

P
a

Engineering Strain/%

 BM-2 at 960 �/2 h

 WS-2 at 960 �/2 h

 WS-3 at 960 �/2 h

 1.2% pre-deformation

0

350

700

1050

1400

1750

 

S
t
r
e
n
g
t
h
/
M
P
a

 UTS of WS-2  YS of WS-2

 UTS of WS-3  YS of WS-3

 UTS of BM-2  YS of BM-2

a

0

8

16

24

32

40

 

P
l
a
s
t
i
c
i
t
y
/
%

 TE of WS-2  RA of WS-2

 TE of WS-3  RA of WS-3

 TE of BM-2  RA of BM-2

b

920     940     960     980 

920     940     960     980 

Solution Temperature/. 



�3846�                                           �������	
                                          � 47� 

�ï>{?@AB�=T�G�����ï>&+,

�<CÁ�$2�T� 

��������

1) GH4169 ?@�<7KLC������Z¤

C��¸¹Gi¤C}¤¥®§C 3 ÜCDCÁ��

�Z¤C����<-Ä2ÂÃGi¤lTº�Z+

½¾¤���Z¤C�~�Gi¤N¸¹��¸¹G

i¤C&g��E/8KL¤¥áâ¦§�®¤C�

�-���	�&7KLC¤¥³´µ�lno&¨

�¸¹Gi¤C;zø¤TU��½¾¤&���;

:��o77ø¤Cáâ»ûÃGi¤� 

2) GH4169 01�?@�<�&��vw38Ð

z��� 905 MPab$� 387 MPa&�����3)

4 γ′′�γ′�E��*�}����HI���	�

á÷&g��/8Ð 920 ���6 980 �&����

��� !�)N§&'�vw38pqJFG$

%6}����cP����<Ô��-���	�

GHIHI�	T&�<C}����T!� :

cP� 

3) 9�������(��HI 1.2%�
�T

�	&�-12���á÷V�¯ !�)*+��

���}�����-�����&38É¿J+&

¨����R pq������ 50%~60%&V�

�z��:�<7KLC2��¤¥³´®§CÁ&

(P���ßàbKõ\÷��$2���9?@�

<Ô0HI���	GHIHIWyL�<C}�

�µ¼�T&ä�Ö×�� !�M� 

 

����    References   

[1] You X G, Tan Y, Shi S et al. Materials Science & Engineering 

A[J], 2017, 689: 257 

[2] Chen Y, Zhang K, Huang J et al. Materials & Design[J], 2016, 

90: 586 

[3] Damodaram R, Raman S G S, Rao K P. Materials Science & 

Engineering A[J], 2013, 560: 781 

[4] Cao X, Rivaux B, Jahazi M et al. Journal of Materials Science 

[J], 2009, 44(17): 4557 

[5] Huang C A, Wang T H, Lee C H et al. Materials Science & 

Engineering A[J], 2005, 398(1-2): 275 

[6] Chen W, Chaturvedi M C, Richards N L. Metallurgical and 

Materials Transactions A[J], 2001, 32(4): 931 

[7] Manikandan S G K, Sivakumar D, Rao K P et al. Journal of 

Materials Processing Technology[J], 2014, 214(2): 358 

[8] Hong J K, Park J H, Park N K et al. Journal of Materials 

Processing Technology[J], 2008, 201(1-3): 515 

[9] Damodaram R, Raman S G S, Rao K P. Materials & Design[J], 

2014, 53: 954 

[10] Kim D C, So W J, Kang M J. Archives of Materials Science & 

Engineering[J], 2009, 38(2): 112 

[11] Xi C Y, Sun D Q, Xuan Z Z et al. Materials & Design[J], 

2016, 96: 506 

[12] Lu P, Xu Z X, Shu Y et al. The Journal of the Minerals, 

Metals & Materials Society[J], 2017, 69(2): 135 

[13] Çetinkaya C, Arabaci U. Materials & Design[J], 2006, 27(10): 

1187 

[14] Ichiyama Y, Saito T. Welding International[J], 2004, 18(6): 

436 

[15] Zhao X H, Fan Y J, Liu Y et al. Engineering Failure Analysis 

[J], 2015, 55: 26 

[16] Yu Linfeng(HIJ), Liang Yu(K L), Zhou Lei(M N). 

Heat Treatment of Metals(��6())[J], 2014, 39(4): 88 

[17] Mukhtarov S K, Valitov V A, Dudova N R. Rev Adv Mater 

Sci[J], 2010, 25: 219 

[18] Cao J, Wang Y F, Song X G et al. Materials Science & 

Engineering A[J], 2014, 590: 1 

[19] Agilan M, Krishna S C, Manwatkar S K et al. Materials 

Science Forum[J], 2012, 710: 603 

[20] Saleem B, Dong H. Materials Today Proceedings[J], 2015, 2: 

S383 

[21] Hong J K, Park J H, Park N K et al. Journal of Materials 

Processing Technology[J], 2008, 201(1-3): 515 

[22] Zhao Xinbao(OPQ), Gu Yuefeng(RST), Lu Jintao(U�

V) et al. Rare Metal Materials and Engineering(�����

��	
)[J], 2015, 44(3): 768 

[23] Wei Xianpin(WXY ), Zheng Wenjie(Z[\ ), Song 

Zhigang(]^_) et al. Transactions of Materials and Heat 

Treatment(��6()?`)[J], 2012, 33(8): 53 

[24] Hong J K, Park J H, Park N K et al. Solid State Phenomena[J], 

2006, 118: 71 

[25] Editorial Board of China Superalloys Handbook(abcd%

�efghi). China Superalloys Handbook(abcd%

�efj� )[M]. Beijing: Standards Press of China, 2012: 

689 

[26] Ma T J, Chen X, Li W Y et al. Materials & Design[J], 2016, 

89: 85 

 

 



� 120                      12345�+6()7 GH4169%�������89�:;�<=                   �3847� 

 

 

Influence of Post-Weld Heat Treatment on Microstructure and Mechanical 

Properties of GH4169 Alloy Flash Butt Welded Joint 

 

Shen Jialin

1,2

, Zhu Xueru

1,2

, Wei Zhijian

3

, Liang Yu

1,2

, Liang Yilong

1,2

, Jiang Feilong

3

, Xiao Zhixiang

3

 

(1. Guizhou University, Guiyang 550025, China) 

(2. The Key Laboratory for Mechanical Behavior and Microstructure of Materials, Guiyang 550025, China) 

(3.

 

Guizhou Anda Aviation Forging Co. Ltd, Anshun 561005, China) 

 

Abstract: The influence of post-weld heat treatment on microstructure and mechanical properties of flash butt welded GH4169 alloy were 

investigated. Experimental results indicate that the redissolution happens to the strengthening phase γ″ and γ′ under the welding heat, so 

that the strength and microhardness of the welding zone are lower than those of the base metal (BM). After solid solution treatment, the 

strength of the BM reduces to the same as that of the weldments, and the uniform deformation between the welding zone and the BM can 

be realized during tensile deformation. The 1.2% tensile plastic deformation was carried out before or after solid solution on the weldments, 

after completing aging heat treatment (720 ./8 h (60 ./h)-620 ./8 h AC (air cooling)), the tensile results show that a small amount of 

plastic deformation has little effect on its mechanical properties. After solution-aging treatment, the tensile strength of the pre-deformation 

weldments is similar to that of the BM, but the plastic index is lower, which is related to the coarse grains in the welding zone.  

Keywords: GH4169 alloy; flash butt welding; heat treatment; pre-deformation; mechanical property 
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