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Fig.1 Dimensions of the tensile sample (thickness: 0.8 mm)
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Microstructures of Ni-W-Co-Ta heavy alloy under different deformations and EDS spectrum of undissolved particle in Fig.2b:



ER B RRESEAE

RHETHAY Ni-W-Co-Ta = B [E & S HH 51ERE

A - 3835 -

AT (SAED) feff 2PUESIOR, RUIME ki
LW R E A R YIREH . @R 2 kA B R R
P TG, gt 90% A FLE AR 2 5, B A
Ni-W-Co-Ta /=1 % FE & & RS04 25.5 nm.
2.3 XRD 24k

Kl 4 J9HT T Ni-W-Co-Ta = % & & & A R & T 1)
XRD Eitf, FHIHA Ni-W-Co-Ta =% & 42— M A
Ni Wy N SEAA 1) S A o Bt 25 AR T B 38 0, N W3
JITA i THI (A 5 0 21 vy 5 (FWHM) 22 HH BRAS [0 2 3 1)
I, BL (11D SRS, AR A AR TR Z T AT
SR TE 200N 0.305°, ABTE &N 90%H AH B HIAT 4T U
o G MR A 1.18°, SUbFERS, M 4b FREECK
KIHiEnr B, SidA T8 2 )5 BT A i AT S s 8
1 E S5 BB A 70 T R PR3 BT 1) e e . AL IR AE
BN, AL-4Mg-0.2Zr 1448 T8 B 78 T A v
[FIRERE I, 72 AR 10 SR JER R R VA 45 D EH OO 8 A8 22

Dislocation lines 1 um

T ¥y o ¥
it
Dislocationt walls

Diskola
P L

/

B3 Ni-W-Co-Ta

AR SR AL T8
i Fl Williamson-Hall 77 P42 %0 AN [E 28 TR & T 1
KB A AT, RS RWE S s, BEE
A5 K RO N AR Y 1.8%107° CRARIE) -7
F 4.9x107 (90%) , H M 3 oW 20 4 (i 7 485 SR v
B o 7 TR 5 R 3 K kL RS B W 4 AL 22 400K &
AR ZRAS T, A7 S 080 7 56 A0 e 70 % 1 I Gt 2 1
TR0U I AR SR REURT R 4 A 35 [R) 3 350 A . () A7 i 5
B ) i P B R R S RO N AR AR, st

(1) PIFIR:
23 (2 )

p=—

Db
H: ¢ BRFMMMNAS; D R TR b FRM
RKE (MO &R, NEEEED « EgRmE s
FiR. AT BN 30%00F, A gk 2.3x10" m?,
AR B & 90% T, 452 BEIA S 1.46x107° m™. B

(D

V ek f
s
Nangqerystalline
2t ,

1 um

we L A N AR TR L) TEM 23 B

Fig.3 TEM analysis of Ni-W-Co-Ta heavy alloys under different deformations: (a) undeformed, (b) 30%, (c) 50%, (d) 70% , (e) 90%, BF+SAED

pattern, and (f) 90%, DF + nanocrystalline distributions
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90% (g-1)
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Fig.10 Fracture morphologies of Ni-W-Co-Ta heavy alloys undeformed (a), and under deformation of 30% (b), 50% (c), 70% (d), and 90% (e)
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2) HiAL Ni-W-Co-Ta 1= % FE & & B TEALEI LAAL

BB N E S, AL A BAE IR Ni-W-Co-Ta /% 5

L ST B PRE YL, BT 90% T dih ]S4
N 25.5 nm.

3) R A A B B R R3S N S BUBT AL Ni-W-
Co-Ta MFE a4t 90% A2 )5, T HV HA
ALK 2861.6 MPa #2531 5233.2 MPa, 1¥1EA 82.9%:;
Ui i 978 MPa $2 =% 1953 MPa, 31N 99.7%:
Jii AR5 % FH 505 MPa 2= 2] 1806 MPa, 31N 257.6%.
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SEYH

[1] Sharma V, Namburu S A S, Lalwani P et al. International Journal
of Refractory Metals & Hard Materials[J], 2018, 76: 168

[2] Chuvildeeva V N, Nokhrina A V, Boldina M S et al. Doklady
Physics[J], 2017, 62(9): 420

References

[3] Zuo Geng(% ), Cui Nannan(4E ffifif), Li Xiaojie(ZEWEAR) et al.

Natural Resource Economics of China(" [E [E % JH& 5011,
2022, 35(10): 11

[4] Ye Lei, Han Yong, Fan Jinglian et al. Journal of Alloys and
Compounds[J], 2020, 846: 156 237

[5] Kiran U R, Venkat S, Rishikesh B et al. Materials Science and
Engineering A[J], 2013, 528: 389

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

(19]

(20]
(21]

(22]

(23]

(24]

(25]

(26]

(27]

Prabhu G, Kumar N A, Sankaranarayana M et al. Materials
Science and Engineering A[J], 2014, 607: 63

Senthilnathan N, Annamalai A R, Venkatachlam G. Materials
Science and Engineering A[J], 2018, 710: 66

LiY, Liu G Q, Hu X B et al. Scripta Materialia[J], 2019, 162:
311

Tian Sugui( [ % ), Du Hongging(#ti4t5%), Wang Chuntao( £
V) et al. Journal of Aeronautical Materials(Fi =S EFFEAR)[T],
2006, 26(3): 16

Zhang Sheng(5k M), Wang Chunxu(E#JH), Jiang Qingwei(Z
JRA%) et al. Journal of Plasticity Engineering(¥8VE T.F2 % 4R)[J],
2019, 26(6): 213

LiuY, Yang C D, Liu M et al. Materials Science and Engineering
A[J],2017,709: 115

Sun S C, Mu J M, Jiang Z H et al. Materials Science and
Technology[J], 2014, 30(2): 146

Panigrahi S K, Jayaganthan R. Journal of and
Compounds[J], 2011, 509(40): 9609

Alloys

Liao Wangning, Liao Xuefeng, Yang Yaohua et al. Materials
Science and Engineering A[J], 2019, 763: 138 068

Ozan S, Lin J X, Zhang Y M et al. Journal of Materials Research
and Technology[J], 2020, 9(2): 2308

Fu Kunning, Wang Jiahao, Qiu Min et al. Advanced Engineering
Materials[J], 2019, 21(5): 1 801 344

Zherebtsov S, Yurchenko N, Shaysultanov D et al. Advanced
Engineering Materials[J], 2020, 22(10): 2 000 105

Zhou Tian, Xiong Yi, Yue Yun et al. Materials Science and
Engineering A[J], 2019, 766: 138 352

Zheng Han, Fu Liming, Shan A D et al. Materials Science and
Engineering A[J], 2021, 824: 141 860

Toribio J, Ovejero E. Scripta Materialia[J], 1998, 39(3): 3465
Uejia R, Tsuji N, Minamino Y et al. Acta Mater[J], 2002, 50(16):
4177

Xiong Y, He T T, Wang J B et al. Mater Design[J], 2015, 88(25):
398

Selvan C C, Narayanan C S, Vigneshwaran S et al. Materials
Research Express[J], 2019, 6(10): 106 505

Shi Y F, Guo C J, Chen J S et al. Materials Science and
Engineering A[J], 2021 826: 142 025

Ma Y F, Xiong Y, Chen Z G et al. Steel Research InternationallJ],
2021, 93(2): 2 100 434

Cheng H, Wang H Y, Xie Y C et al. Materials Science and
Engineering[J], 2017, 33(17): 2032

Lim A T, Srolovitz D J, Haataja M. Acta Materialia[l], 2009,
57(17): 5013



* 3840 -

G A e

%52 %

[28] Meng Yang(# #%), Ren Qun(ff #), Jun Xinhua(#Hi1E).
Transactions of Metal Heat Treatment(Ff FHRAE I 2E4R)[T], 2016,
35(11): 122

[29] Konkova T, Mironov S, Korznikov A et al. Acta Materialia[J],
2010, 58(16): 5262

[30] Chen Mingwei, Ma En, Hemker K J et al. Science[J], 2003
300(5623): 1275

[31] Ren Fengzhang, Zhao Shiyang, Li Wuhui et al. Materials
Letters[J], 2011, 65(1): 119

[32] Han Zheng, Fu Liming, Ji Xinbo et al. Materials Science and
Engineering A[J], 2021, 824: 141 860

[33] He BB, Hu B, Yen HW et al. Science[J], 2017, 357(6355): 1029

[34] Cheng H, Wang H Y, Xie Y C et al. Materials Science and
Engineering[J], 2017, 33(17): 2032

[35] Li Lili, Han Ming. Applied Physics A-Materials Science &
Processing[J], 2015, 119(3): 1101

[36] Xie Mingwang, Huang Wei, Chen Huiminget al. Journal of
Alloys and Compounds[J], 2020, 851: 156 893

[37] Wu X X, San X Y, Liang X G et al. Mater Design[J], 2013, 47:
372

[38] Liu Shuo, Zhang Fuchen, Yang Zhinan et al. Mater Design[J]],
2016, 93: 73

Effect of Cold Rolling on Microstructure and Properties of a Novel Ni-W-Co-Ta
Heavy Alloy

Shu Kanghao', Xiong Yi'?, Li Yong®, Zhang Xin', Yin Litao*, Ren Fengzhang'~

(1. School of Materials Science and Engineering, Henan University of Science and Technology, Luoyang 471023, China)
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Ministry of Science and Technology, Luoyang 471023, China)
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(4. CITIC Heavy Industries Co., Ltd, Luoyang 471039, China)

Abstract: Novel Ni-W-Co-Ta heavy alloys were cold rolled at room temperatures to characterize the microstructural evolution and mechanical

properties by optical microscopy, scanning electron microscopy, transmission electron microscopy, X-ray diffractometry, electron back scattered

diffraction, tensile testing and microhardness testing. The results show that equiaxial grains are elongated along the rolling direction and a fibrous

texture can be observed with an increase in deformation, in which a large number of slip bands are generated to coordinate the intensive plastic

deformation. The sharp increase in dislocation density significantly promotes the dislocation interaction, which, in turn, refines the grain size down

to 25.2 nm. After 90% severe plastic deformation, the tensile strength is increased to 1953 MPa, the yield strength to 1806 MPa, the hardness HV

to 5233.2 MPa and the elongation is sharply decreased to 9.1%. The fracture morphology changes from a typical ductile fracture to quasi-cleavage

and ductile mixed fracture.
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