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Abstract

High-Entropy Alloys (HEAs) are multicomponent alloys containing several principle elements (usually
2 5) in equiatomic or near equiatomic ratio, breaking through the limitation of the original metal
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material, and has unique microstructure. HEAs, a new type of metal material, possess a lot of dis-
tinguished properties, such as high strength, high hardness, wear resistance, corrosion resistance
and high temperature stability, which attract wide attention from researchers. The vacuum smelting
method, the earliest used method, has been very mature in the field of preparing HEAs; Mechani-
cal alloying technology breaks through the difference of element melting point and enlarges the
range of element selection; The surface engineering technology reduces the input of raw materials
and is more conducive to industrial production. In recent years, scholars have conducted more
in-depth discussions on the strengthening mechanism of HEAs performance, focusing on the anal-
ysis of the influence of microstructure regulation on its performance. In this paper, the prepara-
tion methods of HEAs in recent years, including vacuum melting, mechanical alloying, surface coat-
ing engineering, etc., are reviewed. The present research status of mechanical properties of HEAs
is described, and the future development of high entropy alloys is prospected.

Keywords

High Entropy Alloys, Vacuum Melting, Mechanical Alloying, Surface Engineering Technology,
Mechanical Properties

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

GG E MBI L —B8m R R N, mdminbEHA TR, SCUME S ScEMEERE. MER
FHRNERE, Ea6amMERERE T R REGESENBELEE LHERRE T2 30
WG a e, ESMEE IO sHM L EC R, RS 85 5%~35% (BE/RE)ZH. &%
FuRE AR RS B R AT & b, fERRA M IER T, TR R T 18 B AR AR S5 44, Wil O 32T &g (FCC).
RO ALTT RS (BCC) S RN B 8 /1229 BUB R 8N . # ) 52 miR A N« 4504 b 1) b e A2 RN Pk e
RS B RN [2] [3] [4]-

MGG &MEEE, G RAmEE. S, PuEsrteae. miRfeoetE. mE k0
#, R Z TREMESRAE R ERT S, 23] T ENAMEE )2 5] [6] [7]. BRI S E 4
PRI 78 38 2 SR E A S e R iR, H& R NGE B, ASCRSE T ml A SR % 5 ik T
FIR, FExTH I 2R Wt S AT T 4R .

2. SEEEHIREE

H BT 7L R i & 4 (HEA) 6 48 715, R A& =R R, RIEZSEEG SR A SR A8] [9].
WASIRE F B2 T IEBER, 2 WIS G SRR &7, X o BN 55
[ SR A E BRI S & HE AR S RKIG & (MA) R S B T gh B (SPS); AR A H W TR T
FEHOR, BRI, AR, BOLBES.

2.1. EFBHEEAR

H AT S & SRR 15 2 BR B SIS, BB u R B AU WIS 51, ik
WA, A S S RO]. B T B SRR G & S i S S U R B, TR N T RS
G ST AR )% o 35 RS [ L] -1 £ i A 2 SR F 3 r s e R i B B s AH 45 6 1 T Vs
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il € T FeCrCoNiCu HA mifi & 4 - Liu 5 [10] K FH B 25 U4 14321 % T ALCoCrCuFeNi = & 4 (x = 0,
05,1, 15,2), Wit T Al FEERMEW. JIEEREZ IR, WS T HA FCC 4141 Cu 49KIT
VEH, Al-E Ni 25191 B, AHFIE A BCC £5#4 (1) Fe-& Cr . biE & & & &1 N, BCC Z5t3gin,
AL 3 i B P ARV 5 T 32 5 o Zhang 25 [ 111K FH 323 B IV 14111 % T RexNbMoTaW (x = 0, 0.5,
DEES, MAEEPIAMTILER. A4 BCC EMAHMBURAHA R, ERMAIN Re AT LR B 34 04
R SRERYENE, 4 Re (IS EM x =03 NFI x =05 K, &4KERM 1058 MPa # /%] 1147 MPa, %t
e )\ 2.6%% = 2 7.0%.

£ G B SIS R R =il P T AT, PTRESIE M — S MR AR, Xu SF[12] 3 SR H 4K
FERRTE, 1B BT N T 7 FeCoNiCrCuAl, i J5A7 il & A i, 1d3k T FeCoNiCrCu 5 Al [IZh A 11
R, il T HA B — FCC 45 M1 FeCoNiCrCuAlg 75 fH B HA FCC 1 BCC AH) FeCoNiCrCuAly os
MEEikl. SESITEM, JRAYPKRIE BRI R, 8T [F5 e el 72 .

Zhang %5[13]iz F B 25 F U A #1451 CoCrFeNiC, (x = 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.7, 0.9) =i & 4
WIR T o & BN EE )RR . FFFUR I, MBS BN 0.2 wivlt, A48 FCC 45Ky, M4k &
HEiE T 0.3 WtOHT, A4 B SAH 25 AR WAL S S5 ), B [ H IR 2% M, Co BiAE ) R FCC A 3t
. TR1 BB S5 51 6 ) [T B A AT Mo Co B A4 51 S 55 — AR AL A5 45 10 JEB IR B2 AN T v, B =
4 0.9 WO, mili G 4 2 A MEHE IR B R A S 1R 70%. thAh, PKIERE R4 17.7 GPa 1) M;C,
WAL 6 o R AT B . A &b AL SR ARG 51 RS AR ST AR P 82 ) 8 o S SO 1 I 2L

22. IWEEHEAR

WM& SRR N RTE S REBREE ML 5 B ER 2 A () e o AlEgE, R HBAIR . B, SE0h
FRPRLH JE T4 HOY G S —Fh 535 [4] o 1XFh oy 15 AT DU 2% 58 38 50 9ok d Rl di ks, TR T
o O R ZE B LA 2 (R, BUA R O S5 M AN SR Ve RE, 153 TR E AT O
[14], #W5keds. MRS AR S HI&ME . %% Varalakshmi #5256 K FH MUK & 4 4072 1 %
AlFeTiCrzZnCu =5 & 4:[15]

Cheng Z5[16] K NI & &AL AN #E B 4524145 7 Al FeCoCrNiMn =i &4, G Sl a4 AlS
B, #El FCC ME45 A BCC #l. BCC MIfEREE diobi 404k 42 5 1 & 4 MR FE A os iT
FeCoCrNiMnAly; &4 1 e AR SR L 470 9 5 AN 52 79 33l /= 78 2230 MPa., 2552 MPa Al 622 HV .

X FALGE R B4, HOHSEES Thesk 1R (SPS) B THEAR, I 1A 4540 A [17]. Wang 25[18]%
NI & &A1 SPS BRI 45 T CoCrCugsNiAlys il &4 . A XUPEREEEA 1100°Che4h 3515 T FCC 4514
f) HEA. BULERESVESE —BfE 2 S BREELIAR R K 20 min, 28 DE@RSHEREBR SRR, sl
Al RN 0-ALOg. 5P IEG TR FHHTERES 5 he 2519 21 HEA AL, ESRPITE—F
BREEAS HEA iR &b S0 A (R R P B2 ARG S 51 70 A (/R o-ALOs A, JE{i HEA 1 afki
FSFI ) A . MAREIL, & 4 MsafE fE v R 152 7 3em, JERGRE LN 1398 MPa, iz T oK
ZHARIE R FCC %51 HEAs.

[ AR AL A @40 A1 SPS K, Ivan AZE[19]/0 i % T W-Ta-Mo-Nb-Zr-Cr-Ti R =il &4, Wt
T AR R T2 419 W-Ta-Mo-Nb-Zr-Cr-Ti & ¥y R4 I AN [F B[R] BRES J5 T30 . AH R0 B bl 55 A8 A 1Y)
EANFEN B BB CETHAME, 732 ARG AL T M 4 SRR [ AR R R Zr, Cr
AUTi R A, 76 SPS IR E Zr. Cr Al Ti #6745y Laves #H. BEEBREENS A AO3G 0, =& &8
R AR B BT, WA EREE 1 min J5 1Y 4.03 £ 1.12 GPa &= FIBkEE 15.5 min 5 8.93 £
1.74 GPa.
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2.3. REAILEHFAR

F TFER AR SE DB AR T A4 38 TR R M BRI RL O 1A 20T B, AT AR U i i A e fk
POREBCAS S R I R, CRUE T RE B[R I B A R T Sl & R HE 427 BT Tl & &6 &R E 1
RIMBAR TG IAWGR . BOCIE T DR 55 20]

PSRRI AR B WL R TREFB, HA I, SR B AR AR v S5 . Huang 25 [21] & e A
PRI % 7 AISITICrFeCoNiMogs AT AISITICrFeNNiMogs Fifii & &I 2, & 4 S IR HotR s
¥, Hfaith BCC AHSS ML, BESHEE, miRm P Eviefb g, AU BB L R HiE L
PE. Ang ZE[221FI LS 555 T BHA TR T 4 T AlICoCrFeNi 1 MnCoCrFeNi =i & &k 2, YIAH
DATRI 1A FCC A N AR, AT T il B LA FLBR 2

BOCIEEH AR @ ReEoeAm s, RS SRR E RGO RE R . AR T ABHR R,
BOCIBER &R E R A G mERE R, NHEH TH & EEml6 &R E[23]. RABOCEER AN %
[ Al,CoCrFeNi (x =0, 0.2, 0.45, 0.7, 1) =ilii & 4, B Al & =350, & &Y)HHH . — FCC A%~ FCC
+ BCC XUMHIR &, 474N BCCAHH, S®EEKNE EF, PEREA FRK[24]. PRk R S5 258 O G
ARAE 45 R H1 45 T AlgsCoCugsNiSio-Tioos Fill & &R, W2 1T B FEL S 538 HV, A
B N B RAUR B R /N T 45 BN, TS PEREA ORI M. Sun SE[26] FHEORIA B HIRTE 304
RFEANFE 4 7 AICoCrFeNiSiy(x = 0,0.1,0.2,0.3,0.4,0.5)F M & &2, WAL Si & Xt & AR
TESAN R ARRE BE (520 o kSR T IENVAAE A &b, BUE SIS, BEERES 23E M, W2 T fRignit,
/DB CrpsCo TE R AL AN, B SRAL . ArASSRAC RIS s Ak O 22 AV LA IR 2 AR 5 T, R R
TR,

Th IS B T DA 6 R e Jm . A E Akl i H T2k, Rk sl KiH
FURIE, WIS DTRA I H 1 e & 4 I % e V2 KR TV [27] . Huo %5 [28]R F b 45 M2
il 4% T 9IKZE G CoCrFeNi il & @i, HEA TR MIBEIN FCC 4ith. FIHAK R IR B AN 5
PEREREAT T, SAHEFEMARLE, S SMEAA AR R P55 YERE, W DLRZECRIBIEARTE .
1358 TSN, TEPES5 I b, GOREZRSTPAT TnEkos . A SR ER T, B T e rEeik
PSSR, JREZR AR E 2, MnIAAS R, (RIEERIERfet:, abussy k.

3. BEEENEMEE

A A B R 2 L HEREARIR R T2 MO R T H B SPkR. ML TE
&), mMEGSRA RN R, EtEE . miRfe g, BATEMRERTR[4]. ot
o WOEER . & T2 RIAAE B AR 0 R AR, R A S SR R 2 B TR 2
5 9 [29] [30] [31] [32].

Rogal Z£[33R NI & &I IEEF IR 715, Hil#% T 5%AlL,04/CoCrFeMnNi =il & & 240K E 61
Bl SElASIAMEL, SAMREE N 418 HV $53 545 HV, # K EIAS] 210 GPa, Jm AR 5®/E
M 1180 MPa & = £l 1600 MPa, M FIHTE 58 IR, A RIFE 77241 %% 7 5%SiC/CoCrFeMnNi =il &
GHKL ERRL, R IRZ S E] T 1480 MPa, 7T 50 B AIYE A TR AR [34].

Fu S5[35]#l 4% T —Fh TiB, 3 5% TiNiFeCoAl mi & &AMk, I b LELIEAT T vHe . SE36
RO EE R R TIER R THE. 5 TiB-Ni EEMELL, e &5 Al N EES IR TiB,
WORL A, SR ERRES R VORI T TiB, 7E S & & IR AL, S0 3G i A4 ks
KR, $m TR A5 . A0SR R m W S 45 A g S TR, I 2 N
RO SRR, ARRLER HAZREAI) 3. Joo E[36]HFFE 7 CoCrreMnNi i 0§ & <5 (1 iz A AR T A 2 AR
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WEAAT Y, JE SRR & AT 1 LR MR AR AR B S T 2 BN ARREAAT N, 1R T 9k
JEREARAR;  [FIN AEGORZR S U B 1 BOR I HER R . AR 3 AL 2R a2 M3 45 Hall-Petch
RKAMFERS, WEAE T A RE .

B AR PE  PUA 9 EE I) [F) N R AT 2 PR ZE M, 110 BAT B 2R M 1) i 15 <& » Lo EEAEAE MMAR 7] [29] -
LA E SRR R AN i, XS e S B R EEAT IR R, 1 R T —
SESTHL G 0 ST (Y RS e e R R RE

1400 ®  Ni,CoCrFeTi , (ref.37)
® CrFeNiAl (ref.43)
. ¥ A AICoCrFeNi,, (ref.39)
—_— v AlCoCrFeNi, , (ref.40)
§ ¢ CrFeNi, Al _(ref.43)
S < Al FeCoCrNiMniR ‘K3 (ref.45)
&
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Figure 1. Tensile properties of some HEAs that achieve the balance of strength and plasticity
[37] [39] [40] [43] [45]
1. —&IEE 58 L ERNSHEE SRRRMEEE37] [39] [40] [43] [45]

Cheng %5371 ML & &4 A0 SPS il & 1 — Rl 2L A 3535 &) 40 23 25 7 A1 TR A AL 40 K TR 1)
Ni,CoCrFeTio, /i &4, LATCHRAN S50 FCC i & T BOAE FE 1 2] T B4R 1 o i - S e M AU Ay e
{efi G 4 ) v L % v 5 FEE AR v S o 1k RO o X 0 2R It 1070 MPa [0 7 IR 5 AN 11.6% 1135
S, ISR, EARYDTRBORRIE B )RR R A A A BRI, T R A 0 A R A
T B AT A SR

ST RE, SLE R R v A R S A S I . Y SR [38] 40 AT CLARIE FIAE S CoFeNiTi 4 = 47
G4 )5, Wil 7 CoFeNiTIV mlli&a4. e RA MMM BCC B ML, V E-T &2 EEREHE
JBICE RIS & K i B s & a5 70 A A T s G R T BB RS R, B0 At e
£, CoFeNiTiV &4 & IR EIL 2730 MPa, AR FR$TE 1A 3890 MPa, /2 H i CoFeNiTi 2 Sl &4
HHER R I, (RIS, CoFeNiTIV A &R L 21.3%0) KL UFSE B, Sl vy o B3 R 4 8 1k A7

f£ 4t FCC #1 BCC H— A4 MMl & 4, @HAGIRM mE s RIFBWERERE S, NILE %
BAMR IS EE S SME . Lu 397 & 7 HA ZIREE M1 AICoCrFeNi,, Hdh il &4, sl
PR, BEETEREIL R . A4 P B BCC AN FCC AHALE IR/ i IR G5 CR IR Bk 4 41), 2l
T RRERIEME RIFEE A . Gao ZE[401% HsR LB AT T 325434, AICoCrFeNi,, L miii& &
PERE = EAR ST 24K FCC AHA BCC MR P FEIEH . BCC AHHRSREU T A6 EAR 20 SeK A4 1I'E Cr 4

DOI: 10.12677/ms.2021.113024 189 PR R


https://doi.org/10.12677/ms.2021.113024

KAt %

KYTiEY, @id Orowan ALl EIFRA IR ; FCC IS BIL A B 1245 T 78 M A s PAH Z 18] N
FHAg FUET, AT DLRSZE m N )] . Wang S5 [41]3 %) AICOCIFeNiy q i sl & 4 3 ) 2 AR A,
KH Mori-Tanaka J77£H1 Eshelby &5 2092 22 318 70 At 22 A Je 44 vl dil, FHER J7 1L 50 0E T & 0 7 1 15 1%
Ao SiREH, FLEAMAMN G5 ER AR KR, ARG T A MIEs), e M
JIRIPE A, AR T APRHB A AN TAEAL A RE J7 . Wu ZE[42) R L% 22 ST AT B 28R~ 2 Xt &
Guh L RmAE A, R T O R AR S IC R MR . Bl AICoCrFeNi R & hll, Al 23LETE
R CHEEGE, Cr& Al Niv Co. Fe MIBR4E &It BT IX M, Wu SN ag it tfmie 4
=Pk, HEBNIL & R A S AT .

N T BN T A7, BEARJEOR AR , Xi 48 [43] 1] % 7 — 7k Co 1Y) CrFeNig.Alx (x = 1, 0.9, 0.8, 0.7,
0.6)ILfMmlAE. LRV, ME Al SEMN, &4dm “<UHLR” AN LG H4, smEkR
B, SEPEFEAR. CrReNiy,Algg &4 & &4 FCC A BCC A4/ ES M EItimii & 4. i
W56 4 CrieNiAlI B RIFHI )% ERE, RBRSRAE )y 1357 MPa, S 2 6.4%.

TR, A3 AT LSRR R A5 1, AR )RR = A= 52 [2] [29]. FeCoNiCuAl Sl &
SR K ACEE R A B AR e, 1B KEIETE 973 K, BCC MR NEMIR'E Cu ) FCC AH[44].
IR KA BRI T AR, B TR . Li [45]%F AlgsFeCoCrNiMn i & 4tk A7 1 A FLIB K Ab 3,
L 5 s R A, A 4 uR R AR R KIESE T AR KRR, AMPRRREEZRE RS, (RS
PRI, FIMERE . IR KIEE )y 800°CHT, &4 AkEEIE A 970 MPa. AE{H1ZK 8%. Zhang SE[46]4 K
2 FE I IR 1] 2 1 FessCoauNi6CrigMngg i A it AT 1A FLAIR KAREE, KbERJS i RSE M 179.4 pm [%
K3 15.2 um, JEARSEFE M 516.7 MPa 34 nE] 1 725.4 MPa, H.ZE & AR FF T JFRAE S 197K

NI &0 R R WM R 22 R = A= 52 mi[2] [3] [29]. Zhuang Z5[4718F 90 T JC & AIAE A X
FeCoNiCUuAl =15 & 4 4L 4UR J124MERE RIS . £E FeCONICUAl &4 Siv Cr fl Ti J&, &4 MSM
PLRAGLRIEANA, B MA S RAL, I Zr B Nd Z G &R B A&, Siv Cr,
Ti FUMASE R T & & MPUERE AN, Zr 5 Nd JCE I FE T A & PTE R . Hsu 25[48]
9T T Ti & &% CoCrFemNiTiy (X = 0, 0.2, 0.4, 0.6, 0.8)E 5 & & W I VEREAOSEMT . 45 %W REEBE S
BN, EE A S RE N 6.62 GPa 14 N3 8.99 GPa; R4t BE A 4 1 /& CoCrFemNiTigq, JE4
JEARBRSE N 2.82 GPa, WiZisa)E A 4.44 GPa.

4. 45iE

g b, ERA A R R (0 A G5 K, RS AR RS, RN ERAEAR B T Al )T e
4% B A 4 A T IE T TR T L se & AR R, F12E M RE IR A T AT I 5 ME o (H 3 F
BRI A AR R RN TG AR, MEREIRALHUEI O R AR B . A, TSRS 4
JE MR A T, B BB AT IR A P2, A P PR A R 0 2 e ST 1) — AN PR ) . B
EWRIEN, EE AR 1 B A TR AR R — A BAIF T & AT 5.
E&InH

R R A B I 2R 5T H (2020102881447); [H 5% H 4R %k 4 151 H (N0.51371098, 51571118) .

SE K

[1] Yeh, JW., Chen, S.K., Chang, S.J., et al. (2004) Nanostructured High-Entropy Alloys with Multiple Principal Ele-
ments: Novel Alloy Design Concepts and Outcomes. Advanced Engineering Materials, 6, 299-303.
https://doi.org/10.1002/adem.200300567

DOI: 10.12677/ms.2021.113024 190 PR R


https://doi.org/10.12677/ms.2021.113024
https://doi.org/10.1002/adem.200300567

KA %%

[2]
(3]

(4]
(5]
(6]

[7]
(8]

[9]
[10]
[11]

[12]

[13]

[14]
[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

Miracle, D.B. and Senkov, O.N. (2017) A Critical Review of High Entropy Alloys and Related Concepts. Acta Mate-
rialia, 122, 448-511. https://doi.org/10.1016/j.actamat.2016.08.081

Sharma, P., Dwivedi, V.K. and Dwivedi, S.P. (2020) Development of High Entropy Alloys: A Review. Materials To-
day: Proceedings, 12. https://doi.org/10.1016/j.matpr.2020.12.023

Wi, dE, B, 5. ZFEEE SEE GBI R #Uin T, 2019, 16(8): 29-33.

JAfL, B0, WmE, SE. RS et R R RS []. N, 2018, 47(18): 5-9.

Lu, Z.P., Wang, H., Chen, M.W., et al. (2015) An Assessment on the Future Development of High-Entropy Alloys: Sum-
mary from a Recent Workshop. Intermetallics, 66, 67-76. https://doi.org/10.1016/j.intermet.2015.06.021

Ye, Y.F., Wang, Q., Lu, J., et al. (2016) High-Entropy Alloy: Challenges and Prospects. Materials Today, 19, 349-362.
https://doi.org/10.1016/j.mattod.2015.11.026

Zhang, W.R., Liaw, P.K. and Zhang, Y. (2018) Science and Technology in High-Entropy Alloys. Science China Mate-
rials, 61, 2-22. https://doi.org/10.1007/s40843-017-9195-8

TRBE, BRFEAR, (LB, % ZATEBA &S TN R IURE). A B4 E T, 2020, 10(6): 30-33.

Liu, Y.Y., Chen, Z., Shi, J.C., et al. (2019) The Effect of Al Content on Microstructures and Comprehensive Properties
in Al,CoCrCuFeNi High Entropy Alloys. Vacuum, 161, 143-149. https://doi.org/10.1016/j.vacuum.2018.12.009

Zhang, J., Hu, Y.Y., Wei, Q.Q., Xiao, Y., Chen, P.A., Luo, G.Q. and Shen, Q. (2020) Microstructure and Mechanical
Properties of Re,NbMoTaW High-Entropy Alloys Prepared by Arc Melting Using Metal Powders. Journal of Alloys
and Compounds, 827, Article ID: 154301. https://doi.org/10.1016/j.jallcom.2020.154301

Xu, Y.Q. (2019) In-Situ High Throughput Synthesis of High-Entropy Alloys. Scripta Materialia, 160, 44-47.
https://doi.org/10.1016/].scriptamat.2018.09.040

Zhang, L.J., Yu, P.F., Fan, J.T., Zhang, M.D., Zhang, C.Z., Cui, H.Z. and Li, G. (2020) Investigating the Micro and

Nanomechanical Properties of CoCrFeNi-C, High-Entropy Alloys Containing Eutectic Carbides. Materials Science &
Engineering A, 796, Article 1D: 140065. https://doi.org/10.1016/j.msea.2020.140065

WRPT, Blifh, M™%, Mlka ehls sl e e it R[], SmEIhEr kL 2012, 19(3): 51-54.

Varalakshmi, S., Kamaraj, M. and Murty, B.S. (2008) Synthesis and Characterization of Nanocrystalline AlFeTiCrzZnCu
High Entropy Solid Solution by Mechanical Alloying. Journal of Alloys and Compounds, 460, 253-257.
https://doi.org/10.1016/j.jallcom.2007.05.104

Cheng, H., Liu, X.Q., Tang, Q.H., et al. (2019) Microstructure and Mechanical Properties of FeCoCrNiMnAl, High

Entropy Alloys Prepared by Mechanical Alloying and Hot-Pressed Sintering, Journal of Alloys and Compounds, 775,
742-751. https://doi.org/10.1016/j.jallcom.2018.10.168

H¥%, HE4, R MEBRESTREHARI] bRiaE&HAR, 2007, 25(3): 217-223.

Wang, M.L., Cui, H.Z., Zhao, Y., Wang, C.M., Wei, N., Gao, X.H. and Song, Q. (2019) Enhanced Strength and Duc-
tility in a Spark Plasma Sintered CoCrCugsNiAlys High-Entropy Alloy via a Double-Step Ball Milling Approach for
Processing Powders. Materials Science & Engineering A, 762, Article 1D: 138071.
https://doi.org/10.1016/j.msea.2019.138071

Ditenberg, I.A., Smirnov, I.V., Grinyaev, K.V., et al. (2020) Morphology, Structural-Phase State and Microhardness of
a Multicomponent Non-Equiatomic W-Ta-Mo-Nb-Zr-Cr-Ti Powders Mixture Depending on the Duration of Ball Mil-
ling. Advanced Powder Technology, 31, 4401-4410. https://doi.org/10.1016/j.apt.2020.09.016

B, O, i, FER, AR, B S SR MEFIUR B RN MRS, 2020, 53(7):
137-141.

Huang, P.K., Yeh, JW., Shun, T.T., et al. (2004) Multi-Principal-Element Alloys with Improved Oxidation and Wear
Resistance for Thermal Spray Coating. Advanced Engineering Materials, 6, 74-78.
https://doi.org/10.1002/adem.200300507

Ang, A.S.M., Berndt, C.C., Sesso, M.L., et al. (2015) Plasma-Sprayed High Entropy Alloys: Microstructure and Prop-

erties of AICoCrFeNi and MnCoCrFeNi. Metallurgical and Materials Transactions A, 46, 791-800.
https://doi.org/10.1007/s11661-014-2644-z

TREE, At M, & BOUBBEE AT RSB RiuEA, 2020, 49(10): 65-68.

Huang, L.F., Sun, Y.N., Amar, A., Wu, C.G,, Liu, X,, Le, G.M,, Wang, X.Y., Wu, J., Li, K., Jiang, C.L. and Li, J.F.
(2021) Microstructure Evolution and Mechanical Properties of Al,CoCrFeNi High-Entropy Alloys by Laser Melting
Deposition. Vacuum, 183, Article ID: 109875. https://doi.org/10.1016/j.vacuum.2020.109875

Mok, A, TWes, & BOLKEE Al sCoCugeNiSio o Tio 2s il & 4 BUE RN B 1% AL T[], #InTTZ,
2018, 47(22): 1-6.

DOI: 10.12677/ms.2021.113024 191 PR R


https://doi.org/10.12677/ms.2021.113024
https://doi.org/10.1016/j.actamat.2016.08.081
https://doi.org/10.1016/j.matpr.2020.12.023
https://doi.org/10.1016/j.intermet.2015.06.021
https://doi.org/10.1016/j.mattod.2015.11.026
https://doi.org/10.1007/s40843-017-9195-8
https://doi.org/10.1016/j.vacuum.2018.12.009
https://doi.org/10.1016/j.jallcom.2020.154301
https://doi.org/10.1016/j.scriptamat.2018.09.040
https://doi.org/10.1016/j.msea.2020.140065
https://doi.org/10.1016/j.jallcom.2007.05.104
https://doi.org/10.1016/j.jallcom.2018.10.168
https://doi.org/10.1016/j.msea.2019.138071
https://doi.org/10.1016/j.apt.2020.09.016
https://doi.org/10.1002/adem.200300507
https://doi.org/10.1007/s11661-014-2644-z
https://doi.org/10.1016/j.vacuum.2020.109875

KAt %

[26]

[27]
[28]

[29]
[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Liu, H., Sun, S.F., Zhang, T., Zhang, G.Z., Yang, H.F. and Hao, J.B. (2021) Effect of Si Addition on Microstructure
and Wear Behavior of AICoCrFeNi High-Entropy Alloy Coatings Prepared by Laser Cladding. Surface & Coatings
Technology, 405, Article ID: 126522. https://doi.org/10.1016/j.surfcoat.2020.126522

TkEE, EN, Bk, BE R SEESEETRIVRS REN]. RHHEAR, 2021, 50(1): 117-129.
Huo, W.Y., Fang, F., Liu, X.D., Tan, S.Y., Xie, Z.H. and Jiang, J.Q. (2019) Fatigue Resistance of Nanotwinned High

Entropy Alloy Films. Materials Science and Engineering: A, 739, 26-30.
https://doi.org/10.1016/j.msea.2018.09.112

2Rz, B, WK, RS SRR AT S D] MR TR A ZRIR G, 2018, 32(2): 461-466.

Li, W.D,, Xie, D., Li, D.Y., Zhang, Y., Gao, Y.F. and Liaw, P.K. (2021) Mechanical Behavior of High-Entropy Alloy.
Progress in Materials Science, 2021, Article ID: 100777. https://doi.org/10.1016/j.pmatsci.2021.100777

Chen, J., Zhou, X.Y., Wang, W.L., et al. (2018) A Review on Fundamental of High Entropy Alloys with Promising
High-Temperature Properties. Journal of Alloys and Compounds, 760, 15-30.
https://doi.org/10.1016/j.jallcom.2018.05.067

Gorsse, S., Couzinie, J.-P. and Miracle, D.B. (2018) From High-Entropy Alloys to Complex Concentrated Alloys.
Comptes Rendus Physique, 19, 721-736. https://doi.org/10.1016/j.crhy.2018.09.004

Rogal, L., Kalita, D. and Litynska-Dobrzynska, L. (2017) CoCrFeMnNi High Entropy Alloy Matrix Nanocomposite
with Addition of Al,O;. Intermetallics, 86, 104-109. https://doi.org/10.1016/j.intermet.2017.03.019

Rogal, L., Kalita, D., Tarasek, A., et al. (2017) Effect of SiC Nano-Particles on Microstructure and Mechanical Proper-
ties of the CoCrFeMnNi High Entropy Alloy. Journal of Alloys and Compounds, 708, 344-352.
https://doi.org/10.1016/j.jallcom.2017.02.274

Fu, Z.Z. and Koc, R. (2017) Ultrafine TiB,-TiNiFeCrCoAl High-Entropy Alloy Composite with Enhanced Mechanical
Properties. Materials Science & Engineering A, 702, 184-188. https://doi.org/10.1016/j.msea.2017.07.008

Joo, S.H., Kato, H., Jang, M.A., et al. (2017) Tensile Deformation Behavior and Deformation Twinning of an Equimo-
lar CoCrFeMnNi High-Entropy Alloy. Materials Science & Engineering A, 698, 122-133.
https://doi.org/10.1016/j.msea.2017.02.043

Cheng, Z., Yang, L., Mao, W.H., Huang, Z.K,, Liang, D.S., He, B. and Ren, F.Z. (2020) Achieving High Strength and
High Ductility in a High-Entropy Alloy by a Combination of a Heterogeneous Grain Structure and Oxide-Dispersion
Strengthening. Materials Science and Engineering: A, 805, Article ID: 140544,
https://doi.org/10.1016/j.msea.2020.140544

Yi, J.J., Wang, L., Zeng, L., Xu, M.Q. and Yang, L. (2021) Excellent Strength-Ductility Synergy in a Novel Single-Phase
Equiatomic CoFeNiTiV High Entropy Alloy. International Journal of Refractory Metals and Hard Materials, 95, Ar-
ticle 1D: 105416. https://doi.org/10.1016/j.ijrmhm.2020.105416

Lu, Y.P., Dong, Y., Guo, S., et al. (2014) A Promising New Class of High Temperature Alloys: Eutectic High-Entropy
Alloys. Scientific Reports, 4, Article No. 6200. https://doi.org/10.1038/srep06200

Gao, X.Z., Lu, Y.P.,, Zhang, B., et al. (2017) Microstructural Origins of High Strength and High Ductility in an Al-
CoCrFeNi,; Eutectic High-Entropy Alloy. Acta Materialia, 141, 59-66. https://doi.org/10.1016/j.actamat.2017.07.041

Wang, Y.T., Chen, W., Zhang, J. and Zhou, J.Q. (2021) A Quantitative Understanding on the Mechanical Behavior of
AICoCrFeNi,; Eutectic High-Entropy Alloy. Journal of Alloys and Compounds, 850, Article 1D: 156610.
https://doi.org/10.1016/j.jallcom.2020.156610

Wu, Q.F., Wang, Z.J., Hu, X.B., Zheng, T., Yang, Z.S., He, F., Li, J.J. and Wang, J.C. (2020) Uncovering the Eutectics
Design by Machine Learning in the Al-Co-Cr-Fe-Ni High Entropy System. Acta Materialia, 182, 278-286.
https://doi.org/10.1016/j.actamat.2019.10.043

Jin, X., Bi, J., Zhang, L., et al. (2019) A New CrFeNi,Al Eutectic High Entropy Alloy System with Excellent Mechan-
ical Properties. Journal of Alloys and Compounds, 770, 655-661. https://doi.org/10.1016/j.jallcom.2018.08.176
Zhuang, Y.X., Xue, H.D., Chen, Z.Y ., et al. (2013) Effect of Annealing Treatment on Microstructures and Mechanical
Properties of FeCoNiCuAl High Entropy Alloys. Materials Science & Engineering A, 572, 30-35.
https://doi.org/10.1016/j.msea.2013.01.081

Li, Z.Y., Fu, L.M., Peng, J., Zheng, H. and Shan, A.D. (2020) Effect of Annealing on Microstructure and Mechanical
Properties of an Ultrafine-Structured Al-Containing FeCoCrNiMn High-Entropy Alloy Produced by Severe Cold
Rolling. Materials Science and Engineering: A, 786, Article ID: 139446. https://doi.org/10.1016/j.msea.2020.139446
Zhang, W., Ma, Z.C., Zhao, H.W. and Ren, L.Q. (2021) Breakthrough the Strength-Ductility Trade-Off in a High En-
tropy Alloy at Room Temperature via Cold Rolling and Annealing. Materials Science and Engineering: A, 800, Article
ID: 140264. https://doi.org/10.1016/j.msea.2020.140264

Zhuang, Y.X., Liu, W.J., Chen, Z.Y., et al. (2012) Effect of Elemental Interaction on Microstructure and Mechanical

DOI: 10.12677/ms.2021.113024 192 PR R


https://doi.org/10.12677/ms.2021.113024
https://doi.org/10.1016/j.surfcoat.2020.126522
https://doi.org/10.1016/j.msea.2018.09.112
https://doi.org/10.1016/j.pmatsci.2021.100777
https://doi.org/10.1016/j.jallcom.2018.05.067
https://doi.org/10.1016/j.crhy.2018.09.004
https://doi.org/10.1016/j.intermet.2017.03.019
https://doi.org/10.1016/j.jallcom.2017.02.274
https://doi.org/10.1016/j.msea.2017.07.008
https://doi.org/10.1016/j.msea.2017.02.043
https://doi.org/10.1016/j.msea.2020.140544
https://doi.org/10.1016/j.ijrmhm.2020.105416
https://doi.org/10.1038/srep06200
https://doi.org/10.1016/j.actamat.2017.07.041
https://doi.org/10.1016/j.jallcom.2020.156610
https://doi.org/10.1016/j.actamat.2019.10.043
https://doi.org/10.1016/j.jallcom.2018.08.176
https://doi.org/10.1016/j.msea.2013.01.081
https://doi.org/10.1016/j.msea.2020.139446
https://doi.org/10.1016/j.msea.2020.140264

KA %%

Properties of FeCoNiCuAl Alloys. Materials Science & Engineering A, 556, 395-399.
https://doi.org/10.1016/j.msea.2012.07.003

[48] Hsu, Y.-C., Li, C.-L. and Hsueh, C.-H. (2020) Modifications of Microstructures and Mechanical Properties of CoCr-
FeMnNi High Entropy Alloy Films by Adding Ti Element. Surface & Coatings Technology, 399, 12614.
https://doi.org/10.1016/j.surfcoat.2020.126149

DOI: 10.12677/ms.2021.113024 193 PR R


https://doi.org/10.12677/ms.2021.113024
https://doi.org/10.1016/j.msea.2012.07.003
https://doi.org/10.1016/j.surfcoat.2020.126149

	高熵合金制备与力学性能研究进展
	摘  要
	关键词
	Research Progress in Preparation and Mechanical Properties of High Entropy Alloys
	Abstract
	Keywords
	1. 引言
	2. 高熵合金制备方法
	2.1. 真空熔炼技术
	2.2. 机械合金化技术
	2.3. 表面工程技术

	3. 高熵合金力学性能
	4. 结语
	基金项目
	参考文献

