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Research Progress on High Temperature Properties of High—Entropy Alloys
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LI Junjie, WANG Jincheng

(State Key Laboratory of Solidification, Northwestern Polytechanical University, Xi'an 710072, China)

Abstract: As a new alloy design concept, high-entropy alloys expand the scope of alloy design from the corners of the
phase diagram that traditional alloy design focuses on to the broad area in the middle of the phase diagram. This concept
also creates its own unique properties. Among many types of high-entropy alloys, some have broad high-temperature
application prospects and are expected to become a new generation of high-temperature materials, such as high-temperature
high-entropy alloys and refractory high-entropy alloys. High-temperature high-entropy alloys generally have a phase
structure of +y/y', which is similar to traditional nickel-based superalloys. Refractory high-entropy alloys achieve
high-temperature strength by adding a variety of high-melting refractory elements. In this paper, the research progress on
the high-temperature properties of high-entropy alloys will be reviewed and discussed in terms of short-term mechanical
properties, microstructure stability, creep, fatigue, and oxidation resistance.
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Fig.1 Classification of alloys based on configuration entropy®
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Fig.2 Microstructure of typical eutectic high-entropy alloy:
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Fig.3 SEM image of triangle grain boundary of Co,;NipAl,CrieMo,;Ti,,Ta,,Nb, 5 alloy, and TEM dark field image of high-density
v’ precipitates embedded in the y matrix!
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Fig.7 Tensile creep curve of CoCrFeMnNi high-entropy alloy and comparison of tensile creep properties between CoCrFeMnNi

high-entropy alloy and commercial steels
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Fig.8 Cyclic stress-strain hysteresis loop of CoCrFeMnNi high entropy alloy, and comparison of fatigue properties between
CoCrFeMnNi high entropy alloy and stainless steels””
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Fig.9 Oxidation mass gain of some stainless steels, superalloys
and high-entropy alloys within 100 h®®

4 100 h N AL Y, AT DUL A HE— 2efe 5
&, WA STERE T MR AR B
¥, BT, — i W INR A o0 R R IRE S A
SptAfbtERe, 1 ABTREBHSHEGSTH
(1) 2 7 B AR PE AN T RS, 78 HE 47 70 A BT, mT
I AT BE TR 1 B 1 1Y R N o
41 SEEHEESNNELERR

A A T A B R T A % R AE T
£, 5EGENER A S, WBE A E ISPt
At Tsao S 5Y T 3T Al-Ti-Cr-Fe-Co-Ni {4
ZR 0 IR T A 42 59 900~1 100 “C/5~200 h 7 I 48
TR e fE, IE5 CM2470C Bt w4 &t tr
THE, WSS B S A A BT AN R TR
BT 22, IO & R s R e T
PRI AL AR 2 I TE L, B0 1 57 1) AV ol
Ayt E AL, Moghaddam 515t Aly,:CoCrFeNiMn
1 Aly4sCoCrFeNiSiy,s =1 & 4 47 1T 700~1 000 C
PR ARAT R 5T, 20 B i 2 52 0 AR A IR B0

ZE R, AE 900 CHIEA 10 h BF 2 5 T AS[E B9 A48
Aly CoCrFeNiSigs = M5 4 7E 900 C/10 h J5 L3R
B 25 0.1 mg/em? Y HEEE 10X T 7E 900 C AL
AlosCoCrFeNiMn &4 5 40 1 mg/em?, 22K AR5
WA &SR A R E RN TES &R
W T & AlLO;-Si0, BRI EALE . SR
Aly,CoCrFeNi £ 4" HAT f R A9 &5 i B S Ak e,
V05T 2 AT LA 6t o I el 20 b, B D> Y B I
Bé 1T DABEAR S0 fh o B b 9 40 fb s 3, DT 428 /31 B 4
T o ARG ) 8 AL R RN iR K 1) B T 285 5 4B 42 15
4 155 0 5 4 R — P AR A I 34 19 8 I BT A Ak A R
Wang %5 U203 3 78 v 550 gk oz v o FH AR R A R 0
T B K 4 A VS IR RN RE ) Fe-Cr-Ni i #4742
LA 5E & & P A et R 3 Cr0;5 . a-ALO; , SiO,
Fl Fe Cr,O, 19 40 /N1 52 45 8% R Ak & W 45 1) 5
%, 7E 1200 CHE R 2P E btk 2 2 4 i
F D o-ALO; 51 Si0, B Ht S8 Ak P22 55 S5 F A
BB AR P R SRR R RS A SR
TLE Z R IR R 3E B 45 R
42 HRBHAESMEULERR

M R A A EEUE AR AH VB L
PrEAL PR 22 e I T RAE h £00, TR iR AL
I A A DA A CEOES 1 S AR SR BB SN T, X
THERE S Sl E TR AL R
YER . S EARY MoO; 7E 650 C LA L2 FHEH
G A5 4 A2 ERFLIA . Lu 550N 0.6%
(JEF 2 BOMISZ A AlMogsNbTaysTiZr M & &
G PR g LT R AR AR AL I R A 4 FE800~
1 000 CEA HaFmPrsafbtt, F2EH T2/
A S BORRCR XY B T % 221 AINDO, 3 &2 A 4

R1ISEAEHEEERATHTERRES RS

Tab.1 Elemental characteristics and functions of common components of high entropy alloys for high temperature

applications®
Element Melting point - Density at 300 °C Main oxide Melting point of Performance improvement
/C /(K-g'-em?) oxide/C
Al 660 2.70 AlOs 2 800 Oxidation resistance
Si 1414 2.33 SiO, 1723 Oxidation resistance, hardness, corrosion resistance
Ti 1 660 4.51 TiO, 1830 Oxidation resistance, hardness, corrosion resistance
Zr 1852 6.51 ZrO, 2700 Oxidation resistance
Cr 1857 7.19 Cry0; 2435 Oxidation resistance, hardness, corrosion resistance, plasticity
\% 1902 6.11 V,05 690 Corrosion resistance
Hf 2227 13.31 HfO, 2758 Corrosion resistance, plasticity
Nb 2468 8.57 Nb,Os 1460 Oxidation resistance, hardness, corrosion resistance, creep resistance
Mo 2610 10.22 MoO; 793 Hardness, plasticity
Ta 2996 16.65 Ta,Os 1800 Oxidation resistance, corrosion resistance, creep resistance
Re 3180 21.04 Re,0; 360 Plasticity, creep resistance
W 3410 19.35 WO, 1473 Hardness, creep resistance
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