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Table 1 Chemical composition of GH3625 alloy (/%)

C P S Cr Fe

Mo Nb Al Ti Ni

0.042 0.006 0.0006 21.77 3.68

8.79 3.75 0.21 0.40 Bal.
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Fig.1 Dimension of sample used in in-situ SEM tension test
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Fig.2 Microstructure of GH3625 alloy
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Fig.3 SEM image (a), marked zone with twins microstructure (b) and tensile force-displacement curve (c¢) for in-situ tension GH3625

alloy specimen
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Fig.4 SEM images of twining microstructure in marked zone during in-situ tension of GH3625 alloy specimen: (a) 554 N; (b) 850 N;
(c) 1100 N; (d) 1270 N; (e) enlarged box area in Fig.4b; (f) enlarged box area in Fig.4c
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Fig.5 SEM images of boundary area of GH3625 alloy specimen during in-situ tension: (a) 850 N, (b) 950 N, (c¢) 1050 N, and (d) 1160 N
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Fig.6 Crack propagation during fracture process of GH3625 alloy in-situ tension specimen: (a) start to fracture; (b~d) crack propagation;

(e) fracture crack of specimen; (f) hole appear in the specimen, corresponding to the box in the Fig.6a
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Fig.7 Fractographs of the GH3625 alloy after tension: (a, d) the beginning fracture zone; (b, e) the middle fracture zone; (c, f) the final

fracture zone
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Fig.8 EDS line scan along marked line on fracture zone of the GH3625 alloy: (a) entire fracture and (b) internal hole

ANFIXIRTES . B 7 af DL R Y, ZE % X
A AEAE,  RE A DX ST RS R TS AR
W 5430 25 X 3 15 4 R W R 2 IX 38 . B A AE R
GH3625 &aaWisifid, HALFERTERRP . it
— 0 R U BB SO AW VAT 43 00, Wil 8a
FiRe AR, BRE )R AL ()RR AA A K= Nb.
Mo. Ti. Al. C JCE M. K EDS £ HriE sz
PS4 NbCy MoC TiC fRALINT AR . R ARSI
XFWIUR LI T B X 355 55 30 S () B Bl &, 454 ] 8a A
Wr 1 EDS Ze 44 & I, B4 Wi 2T LI DX Sl A 1 1%
A T DX 3 0y AR 1 Sk BT LR AT 1 — 2P
EDS Zfti o4, il 8b P, KIKEN Al Ti.
Nb. Mo. C M, @b DRBRAI IS B B R
FUIR 0 SR N X2 R GH3625 & & AR I FE
WAL IET FLAT A, A AL A TE R KNy £, 4
P I IA B — s FEBE T, BRI AR L A By T 2805 .

3 & it

1) A GH3625 &4 & KRB K280,
TE 2 S A R AR B 2R W R A AN R, AR SR 2%
T AL, BRI SR ER, BRSO A
1230, HA R TN E 1 .

2) GH3625 & afrafrfu it # v, 28 fmai gl
WL T, BB AR BRI, 48
mn R AR . AR AR S A g ) e AR, AR
Bl TS R K

3) GH3625 G e Bl 2 R oL e, [ I
FEAERITE TR 5 MaPE T2, B AT Hh 2 3 il i S 2R
U LA P LI B B 3 D A

S 30K

[1] Guo Jianting (F8 % 5%). Materials Science and Engineering for
Superalloys( 7 i A 4 # Fl %%)[M]. Beijing: Science Press,
2008: 3

[2] Shi Changxu(Jii & 4), Zhong Zengyong(f3435#). Fifty Years
Development of Superalloy in China( % [E & i & 4 1
4)[M]. Beijing: Metallurgical Industry Press, 2006

[3] Du Jinhui(#£4:#%), Lv Xudong( & JEZR), Dong Jianxin(#E £
) et al. Acta Metallurgica Sinica(%:J& % #)[J], 2019, 55(9):
1115

[4] Wu Jing(:& #), Liu Yongchang(Xl|7K &), Li Chong(Zs )
et al. Acta Metallurgica Sinica(%:J& = #)[J], 2020, 56(1): 21

[5]1 Li XY, Lu K. Nature Materials[J], 2017, 16(7): 700

[6] Yang Le(# *k), Li Xiuyan(Z=751i), Lu Ke(/5 ). Acta
Metallurgica Sinica(4: J& % #)[J], 2017, 53(11): 1413

[7] Li Xiuyan, Lu Ke. Science[J], 2019, 364 (6442): 733

[8] Bai Qin(H4 2%), Liu Bingyu(XJ¥K %), Xia Shuang(E )
et al. Shanghai Metals(_1¥54:J8)[J], 2020, 42(1): 28

[9] Cui C Y, Gu Y F, Yuan Y et al. Materials Science and

References

Engineering A[J], 2011, 528: 5465

[10] Yang C L, Zhang Z J, Zhang P et al. Materials Science and
Engineering A[J], 2018, 736: 100

[11] Lu K, Lu L, Suresh S. Science[J], 2009, 324(5925): 349

[12] Lu Lei(/5 %), Lu Ke(J5 #70). Acta Metallurgica Sinica(%:
J&2FR)[T], 2010, 46(11): 1422

[13] Swygenhoven H V, Derlet P M, Fr@Seth A G. Nature
Materials[J], 2004, 3(6): 399

[14] El-Danaf E, Kalidindi S R, Doherty R D. Metallurgical &
Materials Transactions A[J], 1999, 30(5): 1223



o554 10

MREE AL, e B AR IY GH3625 & 40l K 28 AL dse v A W4T

* 1317 -

[15] Li Dazhao(%= K& ). Properties, Microstructure and Produc-
tion Process of Twinning Induced Plasticity (TWIP) Steel(ZE
fn 5 2 PR (TWIP) A ) PE g 41 20 & 2B 7™ T 2)[M].
Beijing: National Defense Industry Press, 2014

[16] Ding Yutian('] 7 ), Gao Yubi(f=%E %), Dou Zhengyi(. 1F
X)) et al. Materials Reports(#4 #}3:#)[J], 2017, 31(10): 70

[17] Gao Yubi(f=4EEE), Ding Yutian('] §J [H), Chen Jianjun( 2
ZEY et al. Acta Metallurgica Sinica(4: )& *#R)[J], 2019,
55(4): 547

[18] Ding Yutian('] ’ ), Ma Yuanjun(} J6{R), Dou Zhengyi(=.
1IEX) et al. Materials Reports(¥1 K F4R)[J], 2018, 32(8):
1311

[19] Ding Yutian(] ’ [l), Meng Bin(i# i), Gao Yubi(/ 4k BE)
et al. Materials Reports(# Kl F4%)[J], 2018, 32(2): 243

[20] Gao Yubi(i& % &), Ding Yutian( ] F§ Hl), Chen Jianjun([¥: 2
%) et al. Rare Metal Materials and Engineering(%i i 4 J& M
B T R[], 2019, 48(11): 3585

[21] Gao Yubi(f%EEE), Ding Yutian( ] §y HH), Chen Jianjun([% 2t
%) et al. The Chinese Journal of Nonferrous Metals(" [E45
643 8 27 4R)[T], 2019, 29(1): 44

[22] Gao Yubi(#%EB%), Ding Yutian(J i H), Chen Jianjun(¥%: 2
%) et al. Chinese Journal of Rare Metals(Fif 4 J&8)[J],
2020, 44(7): 673

[23] Gao Y B, Ding Y T, Chen J J et al. Materials Science and

Engineering A[J], 2019, 767: 138 361

[24] Beyerlein I J, Zhang X H, Misra A. Annual Review of
Materials Research[J], 2014, 44: 329

[25] Xu Y J, Qi D Q, Du K et al. Scripta Materialia[J], 2014, 87:
37

[26] Yang Gang(# %), Sun Lijun(#)F] %), Zhang Lina(5k N 4)
et al. Journal of Iron and Steel Research(BNERHE 5T F#4R)[1],
2009, 21(2): 39

[27] Yuan Y, Gu Y F, Cui C Y et al. Journal of Materials
Research[J], 2011, 26(22): 2833

[28] Shang S L, Zacherl C L, Fang H Z et al. Journal of Physics:
Condensed Matter[J], 2012, 24(50): 505 403

[29] Shang S L, Wang Y, Du Y et al. Computational Materials
Science[J], 2014, 91: 50

[30] Zhou L X, Feng Z Q, Zhu L L et al. Nature[J], 2020, 579(5):
67

[31] Lu K. Nature Reviews Materials[J], 2016, 1(5): 16 019

[32] Wang Yanan(E V. Y}), Chen Shujiang([%#¥1.), Dong Xichun
(E A3, Dislocation Theory and Its Applications(Pi 5 #ig
J LR H)[M]. Beijing: Metallurgical Industry Press, 2007:
89

[33] Zhong Qunpeng(£F#ENY), Zhao Zihua(BX T-4£). Analysis of
Fractography(Wr 1 %%)[M]. Beijing: Higher Education Press,
2006: 4

Stability of Annealing Twin Boundaries and Fracture Behavior
of GH3625 Alloy During in Situ Tension

Chen Jianjun, Ding Yutian, Wang Kun, Ma Yuanjun, Wang Xingmao, Yan Kang

(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, School of Material Science and Engineering,

Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Twin boundary as a low energy stable interface and easy to be regulated in low stacking energy metals has become a hot focus

in recent years. There are a lot of annealing twin structures in the solid solution GH3625 alloy. In this experiment, the annealing twin

structure evolution and the fracture behavior of GH3625 were studied by in situ tension at room temperature, combined with scanning

electron microscopy (SEM) observation and energy dispersive spectrometer (EDS) analysis. The results show that the deformation mode in

the twin structure of GH3625 alloy is mainly single slip in the process of in situ tensile deformation, and the twin boundary gradually

bends with the increase of deformation during the process of tensile and fracture, but the twin boundaries always exists in the alloy

structure, which hinders the dislocation and has good mechanical stability at room temperature. There are both ductile fracture and brittle

fracture in GH3625 alloy, the carbide segregation is the main cause of grain boundary crack and intragranular holes formation.

Key words: GH3625 alloy; in situ tension; annealing twin boundaries; mechanical stability; fracture behavior
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