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Fig.1 Preparation of refractory high entropy alloy
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RHEAs T % IV/V/VIB JCHE M, K& 55N
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WHPUEBRE Sy, FFRRICE SR %RE . thah, T —
WESPEER Cr MV & &, Bt ErE LR
HEHAT Cy BT Crs 85010 Laves FHIERG, 1d 0 Al Al
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Table 1 Preparation, phase structure and mechanical pro-
perties of some RHEAs

Phase Preparation Strength/

Alloy structure  technology MPa*
WNbMoTal'” bee Arc melting 1058
WNbMoTaV!" bee Arc melting 1246
AINDb, sTagsTiy sZro 52" bee MA/HPS 1280
Alp3Nby 5TaggTi; 4Zr; 52 bee MA/HPS 1020
AlpsNbTaTii4Zr 5% beeitbec,  MA/HPS 1965
AlgsNbTaggTi; sVooZr?”  beei+beec,  MA/HPS 2035
HfNbTiZ:?! bee Arc melting 879
TaNbHfZrTi***) bee MA/HPS 929
NbTiVTa?¥ bee Arc melting 1092
NbTiVTaAlg 52" bee Arc melting 1330
NbTiVTaAly 52 bee Arc melting 1012
NbTiVTaAl?! bee Arc melting 991
NbTivZ?2¢ bee MA/HPS 1020
NbTiCrzr?*2¢! beetlaves  MA/HPS 1260
CINbTiVZr#*2¢ beetlaves  MA/HPS 1298
NbTiV,Zr?] beei+tbee,  MA/HPS 918
NbCrMoTiAlo,s[m bee Arc melting -
NbCrMoVAlo,s[m bee Arc melting -
NbCrMoTiVAlo‘5[27] bee Arc melting -
Alp4Hfy NbTaTiZr?*! bee MA/HPS 1841
AINbTiV? bee Arc melting 1020
HfMoTaTiZt>" bee Arc melting -
HfMoNbTaTiZ"" bee Arc melting -
TaNbH{Zr"*! bee Arc melting 1315
MoTaWNbVP? bee Arc melting -
TiZrHfNb V! beetLaves  Arc melting 1170
TiZrHfNbCr?) beetLaves  Arc melting 1375
Tino_sNbCroﬁm] beetLaves  Arc melting -
TinoA5NbCro‘5Mo[34] beetLaves  Arc melting -
Tino_sNbCro,svm] beetLaves  Arc melting -
NbCrMog sTagsTiZr®'  bee+Laves  MA/HPS 1595
MoWAICTi® beejtbee,  Arc melting -
AlMog sNbTag sTizr®™%  beey+b, MA/HPS 2000
NbWMoZr” bee MA -
MoNbTaTiV#" beetLaves MA 2208
NbMoTaWVCr 1 becetLaves  MA/SPS 3416
MoNbTaTiVi bee MA -
TiNbTag sZrAl s™* beecthep  MA/HPS 1740
Tiso+AlL,VNbMo*¥ bee Arc melting 2500

Note: HPS-hot press sintering; SPS-spark plasma sintering;

*Room temperature compression strength
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ReJy, XTI TayOs Ak 2 BlAk ik 3= 3 4E
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F g B 2 N PR 9 A A% 3 A1 R, Motallebzadeh %5174
W4 T TiZrTaH{Nb 1 Ti, sZrTa sHfy sNbg s 2EBIAH 251k,
2 P e 4y MFRiC ) REHAL A1 REHA2, 5 HETC N
B4 8 A= kL 316L. CoCrMo Al Ti6Al4V HEAT %F
tb. 453 &L REHA1 fl REHA2 fI4EMAH AL T BE
PRI 65 v M 3448 F 316L CoCrMo Fl Ti6AI4V, J&—
Tl FL R F T S BT AR R & B AR AR CInEl 4).
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AR FR ik B B I LB AR S 1)
MR, S AR R & 2 R B R R 8 A B
RHEAs £ 4 Hi#RL B —Fl, AT B R TT K%M
BH S, Kozelj 255V B Tiy Zri4TassHfsNbss
(I FLEEAT WA E T, 7.3 K, IRy IRk 8.2 T,
TR 32 mT, @SV EFERGE BSC #ig, A —
SEMB St [F, Cao ZUHWFSY T NbTaTiZr.
GeNbTaTiZr. HfNbTaTiVZr. NbSiTaTiZr. GeNbSiTa-
TiZr. GeNbTaTiVZr W@ FW R, B HAE TN
%, WA EEARE P T 0 1059 K. W2 IR A
BARYE TR, AR Y bR S BE I HL T A5 R O
RO, A BOTR A 05 HANS 4x BAIGR ) BE
fE. HAT, JFREAESHTM RHEAs WM AT
AW B, G 808 T BRI .
2.9 ImiRERIERE

WAk, TS G B 7o MRHBAR R #4h  I
B, HAEVR ARG T S5, iR
P EOHEAZ, NI K7 RHEAs /R85 10 ) 7%
BETF K . Egami 2EU70H Ik i 2 96 5 A B Zry H4Nbss
BEAEEL, IET 2 MV HL 7 4R IR R pi e Pk R,
KI5 & ik 50 dPa, HRJEAN-170 CIN, A2 #y
UhREIRFEAAL . JR KT e 2 RHEAs fE7E1R ) JR
PN Ty, FRIEE, ZN RSk AR, 2

316L I CoCrMol TiGAMV I RHEAII RHEAZI

B4 316L, CoCrMo, Ti6Al4V, RHEA1 il RHEA2 2 T )
W% 50 (PBS) R A
Fig.4 PBS photographs of the surface of 316L, CoCrMo,
Ti6Al4V, RHEA1 and RHEA2
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BIRT 50%, #6 VEC A8 THRR BAT WML 5%
B BTN TR BT R RHEAs. King 2B %
v 57 0% % T ASAP (alloy search and
predict), M 100 2 J5FlPY IG5 5550 1 m4l4 i
fIC# P 7R (0 4 RHEAs. I 5% H %5 592 R B s
(density functional theory, DFT)X} fTi% () NbTiVZr )
B A Ak S 00 0 i, 0 A A4 e 241
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HRH I AT %% T 280 E . 76)5 3 RHEASs
MORLF RO R, A 56 1B 456 v 3 o EAT R (A2 1
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RHEAs H AT a8 sl 3 e e R A 2540
s AR Bz, WSRO R, T
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PR AR i & Rl R R R B A RL, i L
PR B PE BBk S R AT 0% . RHEAs B A4 KL
HI TS AL, B ok EE BT . T )
GaEmAT A C. By Si E&JE, Ml WE
WORL, SO, SmNASY, S, Z4aed, ik
Y, WEARAAE, TR A, R 0 R X K
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BB, X ahdg AR . AR TEHLE] S PR ) OC R I B
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e S aR A HL B s Ui U A IR 55 P RE AT A TT IR
90, TEE N BB E, A5
RHEAs [ FF A T FH 4 fi HH i A s

2) MEME SR A SR AR, e A A TN A
KT  . AR 2 S 4 R AR Y H 9K 3, RHEAs
H oy AR D B i S S AR, W NbMoTaW &
G RE (1600 CHYIR T8 IE sl &5 4. AT LA IR 2%
TR H L R X SR VR AR R E (EBFZMD il 4% w4l 5
NbMoTaW =45 4 i, A7 Bh T3 TH M 1 & il g A2
PEfE, IERIRAE A Ay, (RIS TS P A .

3) RHEAs FIILE MG & 8 & 6 —FF, s iR EE ~
PUAACE 22 02 5 SN F T I P DG B ) . H AT, AR
filt BT E R A PUARAIR R . . B, Bt
4 J& (Rt. Rh. Ir) S92 RKGAE D RHEAs IR)2 1
o WATTFREZ . BORE U RHEAs PUELIRE,
FETHIA RGNS F A i 458 1 1 P 2 FH g

4) AL “IREE” AR BN T, BT
FARARK o an ] PO VEAN AR AR £5 8 . TR A
PrhrLEYE . WiRWIPE . ARG T VERE, A ROT OB
RUff) RHEASs, 381 S 37 A0 N (14 vy 38 s 925,
ARG G R SR, HERRER A 4, AT I A, B
A, A BT IF K& s ke RHEAs BIfE TAE.
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Research Progress on Refractory High Entropy Alloys

Li Yanchao'”, Li Laiping®, Gao Xuanqiao®, Zhang Wen?, Lin Xiaohui'?, Xue Jianrong®, Zhang Guojun'
(1. School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: High-entropy alloys have attracted extensive attention due to their new design concept and excellent performance. As a kind of
high-entropy alloy, refractory high-entropy alloys are mainly composed of bce crystal structure, which has the characteristics of high
strength and high hardness as well as the high temperature softening resistance. In the present paper, the preparation method, phase
structure, microstructure, mechanical properties and application fields of refractory high-entropy alloy were described, and the directions
of future research were also discussed.
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