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Fig. 1. The relationship between strength and tempera-
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Fig. 2. Fabrication and characterization of NbMoTaW HEA
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Fig. 3. Schematic illustration of additive manufacturing!5.
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Fig. 4. SEM backscatter electron images of a polished coss-
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F1 UTAEk—LBILIA HEAs AAHZL A

Table 1.  Phase composition of some typical Tungsten high entropy alloys in recent years.

Ay i ESLS Uil Sk
2010 NbMoTaW AC BCC (39]
2010 VNbMoTaW AC BCC [39]
2012 Ti-Nb-Ta-W MS BCC [60]
2015 CrFeNiVy ;W o5 AC FCC+o [61]
2015 CrFeNiVy ;W 5 AC BCC+FCC+ o [61]
2015 CrFeNiVy ;W 15 AC BCCH+FCC+ o [61]
2015 CrFeNiV, ;W AC BCC+FCC+ o [61]
2015 CrFeNiyV s W5 AC FCC+o [61]
2015 CrFeNiyVy s W s AC FCC+o [61]
2015 CrFeNiyVosWo 75 AC BCCH+FCC+ o [61]
2015 CrFeNiyV, ;W AC BCC+FCC+ o [61]
2015 CrysVNbMoTaW AC BCC [62]
2015 CrVNbMoTaW AC BCC [62]
2015 Cr,VNbMoTaW AC BCC [62]
2016 VZrMoTaW AC(+A) OGP Laves 163]
2016 VNbTaW AC BCC [64]
2016 TiVNbTaW AC BCC [64]
2017 TiNbMoTaW AC BCC [65]
2017 TiVNbMoTaW AC BCC [65]
2017 Ti,NbMoTaW (z = 0-1) AC BCC [66]
2017 TiVCrTaW, MA+SPS BCC [67]
2018 VCrMoTaW MA BCC [68]
2018 V1;Cr5TazgWag MS BCC [55]
2018 AlTiCrFeNbMoW LC BCC+IM [58]
2018 TigNbysMog3TagsWos MA+SPS BCC+Carbide [51]
2018 VCrFeTa,W, (z = 0.1, 0.2) AC BCC [69]
2018 VCrFeTa,W, (z = 0.3) AC BCC14+BCOC2 [69]
2018 VCrFeTa,W, (z = 0.4, 1) AC BCC1+BCC2+Laves [69]
2018 VNbMoTaW MA-+HPHT BCC [50]
2019 VCuMoTaW MA BCC [49,53]
2019 V6.4Cr31 3M093 6 Wi 7 AC BCC [70]
2019 TiNiNbTaW AC BCC+ [71]
2019 Al Ti sNiysNbyTa Wi AC BCC+ p+L2, [71]
2019 VCrNbMoTaW MA+SPS BCC+Laves [48]
2019 Tizy 4Nbgy oMoy ;W5 7 AC BCC [72]
2019 Mo-Ru-Rh-W-Ir AC BCC+HCP+FCC [73,74]
2019 AITiCrFe, ;Nb,MoW (z = 1.5-3) LC BCC+MC+Laves [75]
2019 TiCrNbMoW MA+SPS BCC+Laves [47]
2020 FeNiMoW AC FOC+BCC+ p [76]
2020 V. 5Cr; 5C0p. 0 MoW AC BCC [77]
2020 NbMoReTaWTa AC+A BCC [44]
2020 (TiNbMoW ), ,Cr, (z = 5-20) MA+SPS BCC+Laves [43]
2020 (VNbMoTaW)yB, MA+HPHT BCC [78]

AC = 1%, MS = REFsIkST, A = #Ab3E MA = BRES, SPS = UL AFBFhess, LC = BB, HPHT = WK /MR B HA
106201-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 10 (2021) 106201

VI F%, EATEA BCC 45K, mHESEHR. N
THTIHEFE HEAs B IRIYE, e 5 H i in T,
Hein NbMoTaWHEAs @8/l Ti J& 991 S5 e 46 ¥
M 2.6% HEINF] 14.1%.

Laves #f (C14 5% C15) J& M/ HEAs H 4 —
WOULIA, B RIEYS Cr, Mo M Zr, DL & Al V Al
Zr AL A G PO AR AR S PR RN 48 T
2., Laves #HAT DAL RWOR: sl 240/ NITTE I8 XA TR
T BCC Hefferf Wr.10.75.7980 Taves A 1471 i 5 F
ik 7 RHEAs i 2 {83 1077 (B4 T RHEAs
F14) vy ek 5ok RN AL Ab A 19435480 T e [ 1 B
XIS HEAs, JH-48 6 WK Laves A8 H ¥, %)
B IR R &R £ 1.

4 A HEAs B9 M
4.1 ZEBAFMERE

% ¥ 0 HEAs SedIgh A, A& = m
Gy IV MR () FRRH [ A RS54, TR o HEAs B
LS S 2F 1 fE B84, 2010 4F, 25 28 ZE 5056
ZEHY Senkov ZE10) ffi5E NbMoTaW Al VNbMoTaW
HEAs 1 12 PERERT & 30, PR Bt BCC 250 &
S AES 5 BRI S, W IR I AR i B o) 2
1058 Fl 1246 MPa, {HZRB AR 2%. H T 5
HYAME ) AR E R BT R AT /N ) S ek 5] A
Ti T&E, MU T A& EREE GRE] T 1343
F11515 MPa), 1 HeEm 7 &880 A2 T 14.1%
F1 10.6%). 1 e 28 il £ T2, [RIFE o e oK e 4
&5 HEASs (9 J15PEfE. Yan % 19 % MA 1 SPS
#1517 AR Cr &5 WMoNbTiCr i a4, Wist
T Cr & &% WMoNbTiCr HEAs W i 4H 21 1%
IR s, 45538, Hefk WMoNbTiCr
A4 FEH LT BCC A M/ &K Laves #1140
B4 Cr Zar 5% HehnE| 20% B, Laves AHAYAH
X ARSI, BEE Cr S aiighn, WMoNbTiCr
B AR RE | TP | R 4 7 0 0 R 4 AR
Bk, B RAESM 4 9.73 GPa, 6.68 MPa m1/2,
2116 MPa F1 5.1%. WMEFH 43R 20% 1 Cr
Jii, WMoNbTiCr HEAs FfOU 45 F4 5 kS 4. W
B oy IR (B 1 X R V1 A ]
[EAsRAL . 55 A (Laves #H) 5L H R4 401k
0 BE 2 2 A4 Rk ) B 8 R BT R W 258 . Pan 45 P
K MA F1 SPS # AR il % T NbMoTaW #il

TigNbosMoys Tags Wy MK HEAs. i 12 BR & 7 L)
PAFFRE AT BCC 9K fhZiAe , HAP-34 ok R
P29 10 nm. 45 SPS ALBRJE , BIRRA 4 i kL
BI/NF 1 pm, NbMoTaW & 4 0Pt & Jm A i & |
U 5 7 A5 i A LGRS EE 4331 R 2460 MPa, 16.8% Al
7.78 GPa, WAL T B A IS HIE I & 1 [F2E G
4. Tifym A RE#E— 204 & 1 Ti8 Nb23 Mo23
Ta23 W23 I 41 RE, H W24 A8 FH (e 5.0 /)
3B NI T 56.5% 1 10.7% (&l 5). Shen
WFFE/ AL 78] SR AT MA RIS /iR, 76 1350 °C
M8 45 50T, A 4R R ST O 43 nm 1Y
FLARA 538 SR RS 17 nm A TTYE D ALY
Bk g K 55 eSS (VNDMoTaW) 99B1HEAS.
SRR B EXER HEAs IYREREN 16.3 GPa
(RZEHRLAEY 3 4%), JERIEEE N 5.7 GPa (K%
JE ML Y 5 %), I PRAF T 10% i TR 2. A
FEFEEH, TP i N B 32 R R A L DT
VE | AR SR

3000 g A
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Fig. 5. Compressive engineering stress-strain curves at room

temperaturel451,

HEAs [t 2 30t AR = (R B L A S0 )2
PERE. Salvi 45 53 SR ] ELI R4 S H R, 72 RE D
304 N WA K L UIR T % EE/R CuMoTaWV X
15 HEAs M. SR F R 55 30 F B 45 HoR , X4
BHLEH LR PUSEEERIR G R T e, il g
TSR RS R EE 2SS 9 00 nm, P
ki N5F >R 18 nm (9 RHEA 40K Sy, 4nf%l 6
Ji7R, T RHEA J B 9 90K S e, JFL0E B oy
19 + 2.3 GPa, #EBiE 4 259 + 19.2 GPa. H T
I 375 6 Ak R S i Ak, 0 KR Y TR 4 5 3k )
10 4+ 0.8 GPa. Zou 45 PO 7E % T R H B WG
M SR A, 388 3 IR AR 1 DI 38 A IS (1) e i
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Fig. 6. Nanopillar of CuMoTaWYV: (a, b) before and (c) after the compression test, and (d) stress-strain plot from nanocom-

pression(®.
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Fig. 7. The temperature dependence of the yield stress of
NbysMoysTagsWos and VogNbygMogTagyyWyey HEAs and two
superalloys, Inconel 718 and Haynes 230040,
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Fig. 8. Wear volume loss of HEA coatings fabricated by
laser cladding with various processing parameters and sub-

strate after sliding time for 15 minP®l.
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Fig. 9. Comparative diagrams of the volume loss (left) and the wear rate (right) of Moy;TagyWygNbygVy versus Inconel 718, tested
with both an alumina and a steel ball for sliding distances of (a) 400 m, (b) 1000 m, and (c) 2000 m, respectively®.
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Fig. 10. Bright-field TEM micrographs as a function of dpa
of in situ 1-MeV Krt’irradiated HEA at 1073 K using a
dpa rate of 0.0016 dpa/s: (A) Pre-irradiation; (B) 0.2 dpa;
(C) 0.6 dpa; (D) 1.0 dpa; (E) 1.6 dpa; (F) 3.2 dpa; (G) 4.8 dpa;
(H) 6.4 dpa; (I) 8 dpal’.
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Fig. 11. The true compressive stress-strain curve of the alloy under quasi-static and dynamic conditions and its penetration perform-

ance under high-speed impact(™.
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Abstract

As a new type of multi-principal component solid solution alloy, high-entropy alloy has the four major
effects, i.e. high entropy, lattice distortion, slow diffusion, and “cocktail” in orderly arrangement of atoms and
chemical disorder. It exhibits excellent comprehensive performances and is expected to be used as a new type of
high-temperature structural material, wear-resistant material, and radiation-resistant material, which is used in
the areas of aerospace, mining machinery, nuclear fusion reactors and others. In this paper, the present research
status, conventional preparation methods, microstructures and phase compositions of tungsten high entropy
alloys are mainly introduced. In view of the excellent comprehensive properties of high-entropy alloys, the
mechanical properties, friction and wear resistance, and radiation resistance of tungsten high-entropy alloys are

summarized, and the future research directions of tungsten high-entropy alloys are also prospected.

Keywords: high-entropy alloy, high temperature mechanical properties, radiation resistance, tungsten
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