50 F1M
2021 4 1H

BAEEERMBSIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.50, No.l
January 2021

EREENARETIINHARE

L3k 2, KEREC, E A, MIEEY £ !, 3B
(1. AR Hremd R K E A s dba R B TR s R AR AH o0, Jbat 100083)
Q. THLAMAKE MER2ES TR, BePU P44 710065)

G. TR A RA A, )R EII 518124)

4. TETRERY: SFE A3 FELLRE, B 1% 710038)

B OE: s EeRE LRI - R m AR, R 5 FhEk 5 A DL T3 USRI T B BRI AR R T R
W TE R LA AT R REE K . mi A SRR, R T Rgaemint BE, MAHRET & ms
. T RARBEEE. R BTy B ISR NS HAN, S a S B msBe ., mBIrE,

BRI L O R AR I L DS AR R A A TR A AR I e
TR A S D — R 2 S5 KRR TE AR RE AN A0 I T % 2 A U AR i TR ASE 4% 1N R N P S

ML A H AT R IR R G, B
FHEHTT mRs A

BT SRR B B b A A e P R R K R S I ST R SR A P I ) P AT

XBEE: A4S TN, B
REEDES: TGI39 XEFRIRAD: A

XEHS: 1002-185X(2021)01-0333-09

X a @R, AR GE e AR AE 1 Fhag
2P EFTE M b, W E IR > E AT R
MR ke B,  HRTS 2 A8 A0 kL
WAL Fe AH-—F 0%, Wi mA RS &1L ES
GG RN . AR T AN &N, )
KA SR MIERT Mo T W W E RS &My,
EEAETRN—EN Zn TR HRE. Eidk
P 2, BT X AL GG & AR B T 4
&P HaEell ke Ba BT R
A &SR M EMA R, T AR S
fit 7 BB S .

15} & 4 (high-entropy alloys, HEAs)& i+ JL4E
KA A SR B A SRR, RN 4
A MR — I N ENE &R, "G4
Jeth 5 il K DA b4 8 ot 3 LSRR L Bl 45 e Y
B A, AN AT R 5 BE 5%~35% 2 0], TR
BIGRT 1LOLR(R kg AR K0 1) ] £ ] v A4 AH A Js 1)
& &P,

F A A I IS T AR R AR DL — 0T
HHG ek AR, AR S Bt WAR B i 2
), BRI T Aot A, SR E A AR
SRR NS I T o5 N S 1D e el IR0 ST

IF= HEA: 2020-01-08

W 1 N RDRL USRI [ B # i, RPN
SRR TG AL BRI L g 7 il A ek R
LA Mt B Gl 08 45 ) 71 281 % A RESE A, AT 244
AE U OO 3 3L A i 3 g i AR T 4% 1 () A1 O 450850 LA
FedGre ke, W20 e e VA B B AR R R
TR PO, e g AR TR seER
I 2 A R R Tl VA8 18 P 5 AR AR T 4 o

1 SREENEIRTR

1.1 SREEEMSTHEEN

U VRN ID i g A £ B UV D W e Sy 3
I [V AR AR 1 B R R, BT R AL 5 (bee) s
[f10 N2 7 (fee) B HE /S 77 (hep) A 45 44, B R T 32 1)
JE T B 5%~35% 2 T, W RIRN npgjor =5, 5%
SX;<35%, Hh i & FEIeE, T AEBIICER
BT BN T 5%, AT RN Aine= 0, X;<5%,
Ho Pigjor T Aaninor 7399 28 718 B0 32 RNK BTG 3 R 5L
XX 3 R EEIC RN BT RPN R
S8

AR R T TCECh 5 Fhak s el Bk, 3
HAERAKT 1.61 R Bl SO @64, M4l Gibbs H
Hi fig 1) I8 2

BEETH: ExEARBFRESE LI0H (51174165, 51971017);  Beiis HAREEFES(2018IMS5076); VU241 K “AoplRlE L TR &

FARFA T

TEEEN: B3k %, 1996 44, Wi, bR RS aEmEEZE %, Jbi 100083, E-mail: lyd9609@qq.com



%50 %

AGumix=AH iy — TAS iy (1)
F: AGui A AW A HAE, Jmol™s AHu MRS
1, Tmols T ANAXTIESE, K.

MR PTLAE S TR e IR, il T
5G4 0 H B R AR ALK, DR R 28 25 B T A 1T o ]
WAk, — oA, RG-SR g, AR
R 25 P TR 7 32 7 S5 R A B BIL o 48 8 A 1
BEAT ', Mk A v TN A AR AR I, S PRAS A
R F ARSI R T RO A, SR AR I 2 T
R Y g, IR EEE SRR RLI T 2 L D R
2= Re = A AR E R, A4S ARk 2R I R A8 v 11 HELBHL
FUABH . Puse HEbE AE S 2 RRII 4 s oo 3 B
AR B AN TR R iR s Sk,
PEAN TR IR 76 38 5 7 2 1) (R AH AR F Ar e 22 5, o]
REAFE R AL AR AT, XFVEREA P AMH S5
W R B ), SR HE A O, i B BT R
L SRR EEAER], 0 75k Re A4 BV e 2
S, DR 9 A I b 3R AR E 45 R A e L
10 5 R 25 N RN P e R A
1.2 BEE &ML

G B SR AR KIS AR 22
18 1 JR 1 O R DL 2 3 0 R B (TR A A, B X
BRSNS H G T R [ ) 2 RO
AR BT o o B (e K e IR s P B 5 5 GPa) i il
JE(HV: 1000~11000 MPa). 5 (RS 15 ya [ . sn
A AR N S H P il R AL R T

1) SN

WA Gibbs AR, TE-PHTS&AM T, 4 aarE
R PR EbE S oo H B n, {2/ A e
REJE IR AR, 3K AR e VR A 408 2 o0 22 R AR AR
FENESG I, e G R s AR G B AL A .
MVRA R RN T R R ALFL R, i & &R
TR A0 AE s B BB B B, AT FRAR T & 4 R
TAH AR m AT (-, A 2 40 ) 4 e (R 4k & P i
A Ee TERRA A, BT R AR I L
IRHEX A eA]l. FE2MAFE, £ Eoa8 e
FAAR L ST 7 (bee) BT /0 37 7 (Foe) [l 5 A4 1R 1] J 4], B
JR A B /T Gibbs AR ST 0 fs AR ax
— R AIE AR 2R B A B v R A ) TR G 3R (R] (  f
BB, HE—2DUESE T SR RN .

2) ZASY HRNY

hFmlaerte Exoaes, Lol REauy
KB ZA EoIh F Y8 RS TR IR S,
PHOoE R, LR B T R AR 218, X4
TRPRL R R Y A NIHAF . BL CoCrFeMnNi 15

R4 4 BIRY, S AICH YR BRI T A N 410
ER—FaEdx it Ay iR, W
CoCrFeMnNi 1 Fe 7t 0.8 Ty(Tw N ) NI HLR KL
KAESE 7X 1070 m/s, XA LKA 42 Fe 1 S A% 4™
HURE(B.5X 107" m*/s)RZ 5 1%, S A Re Bk IE K,
PR R BB R PO 2, oW ek sy, iR
BB AR kg A e R, sa SR a8
(I e

3) it MR AR Y

G A A IC 2 R AR I R T AL, AT
TCE MR F RS 2 5, Ad R B LS 7 AR T AR R
FEREI) s BEWG AR . Zhang Z53E DL & SRR AE =i
£ 4o 1R it T A [ DR/,

5==J2ﬁm11———%i——F )
(Zhen)

AH ., = Zilil,iytj4 AH:};XCiCj (3)

X, o PR T R %, N2RGETA 1B
ri N T AR, ¢ S | DN I EEREE,

AH ™ RITEHE A R B ZIMEAK. SRR X

AH AT -15~5 kI/mol YEH A, 6 7E 1%~5%2 11,

PRI A o () TR A ] I T R BE AL s AR, 2
NGy U FRAE AT A% BB, BRI R bee
MELE fee #.

/55 - LU 2 A1 06, K T 88 P R ] 5k &
R AT A5 i 0 & A AR E A A R AE o Guo A8l i ¢
HINbZr 251 T L2 Fo & &Mt TA79 PDF K%,
KR T 3K — AR 25 f Ry pE 1

4) X R P AR .

T2 FE W ER G ek, S F kR
WA 4 R R, A S IC RN AER, R
HAS B AR AR RN A5 3000 o Yeh 2545 AL 2550 275 N 2]
CoCrCuFeNi =&, KRINWTLLEE & s i &4
BN PR AE, R HE bee AHBIIE i S 8500 &
PP T E AN Z Eo0, o LRI A R
T, W R T BN T 5%~35% 1T J [ 5 44 AH 25
S, IRKFRERE T aia &, xrrmee
IG5 < 1) N, s 1L AT B S
1.3 EREENHFEMEE

TG R — T o0 G 4a, R A E R 1 1
M BB A BOM B e R kg . RSB A4 K
HaMEEEry KB ES M4 K 200, 110 F1 75
GPa, AT IR, BFFERIID), m G 4



ERE| — KA

i

TR B A I R R T N g 2

*335 -

HHERGEML, BAREMILEE, 1 BBE 5
Ada S L 1D,

fee M & &£ = N AARE MM, Gludovatz
S RIPY, fec MM A SR AW EIYE, L
CoCrFeMnNi =i A 4 (1 249 P ik 210 MPa-m'”
WAL TR S BRI Sl & &5 g6 M
& B .

AN £V & N R A STk e L A2 7
i 1 8 K SR P J TR T LY T v R A N i Ay
MRS . CHEMRERM, /5 RTHRmEZdn, K0
OV 5 R R[] 5 A 5 R A A v 95 < LA AR OK 1 A
WEAR, iff s S L5 |ON T UK [ s A R, TRITT bee
R A U LA B TR, W MoNbTaVW [ %5 1 53
JEEIT 1300 MPa, HiAE 800 C I il ks 4 i 32 v T4
FEith A 4 (Inconel 718), I HAE 1600 CHILIRFFHE
B (R iR P KT S5 B 9 R B, CoCrFeNiMn
TR < T e R AR Y ) R m=5, DRI T LIS TR vy
A TEHLH 3 AT A 25 . Nieh ZEifrR ™), £
K IR IR S, CoCrFeNiMn &5 & 4 i 4 7 58k
Rk R8I N e GN12.5~G/10 Jal, 5k
HE R BY U i T A A% IR SN

A A BT A e DL — 0 &N T G
B WA ARG PEA ARORICOA . (DES M L, Hh2
FZ) 72 B 1 N R S A 1 R L, B A
S At AR e (551 s A B 18 R Ak B O 9k AR o ) koA A e
E, AHOC I i B B 7R 2 L, BN I %
(ARSI SR AN S d I I R G S e WS By e b S
ZURE G A G M4 it TOB@ 4%, i A ml ge 3k 58

mTERE AR AR R . () FETERE B, ORI

Ilf“w%4t»&§§&hﬁmfpﬂ¥rjﬁﬁ1:&¢,1Hrnhﬁ‘*ééiﬂﬁA$§
SE P i T i A U S R A0 5 T v il AR T A
FESEFE AL E BT B AT 0 A s AL L ME AR IRAT T . (3)
FEIN 2T H SR A AT 0 A B SRR R D I 25T

MHIE A S A e W A8 G810 Ak 4R 5l il otk . He &%
WEIE R B, £ fee 45 HI 1K) CoCrFeNi &l 45 4 3k

e, RN 2at%f Ti 1 4at%f) Al ST RGBT —Fb
FAL ' G K G A AR BT H S 220 30% v 5LAZ B
1800 C X 18 h I &% b3 f5 , I 515 e IR 5 S5 4 645
Mh,?%ﬁfﬁitﬁTle,ﬁﬁL@$%
39%, FraRAFIN CEIA O B2, BRI LS
1R, BB T TRIP 4. X — Eﬁﬁ?’]
W AT R fee RIS S TRBPIMESR AL T AT
REPE .

HI AR A 5 5 B PR T DA 80 G bee il 4
WYEYE. Huang 5H 57 B A bee 4541 HfTaTiZr

FE A AN, RS R TR 1500 MPa, fH2
IEARARARMG; B Ta JLR SRR, bee MHIERE

PEFEAR, A0 [ sk B2 b o &5 % A2 il bee 2] hep 1
Y HAHAR, A4t 5AH bee 4505484 beethep 2514

M Ta S K 60at% N 50at% i, T 2L 08 B 1% 3R
F2IE 1100 MPa. 31X — g5 B e v iy o vy 370 10 X 945 v 00

B @A RN AT T T
2 SEEEWH&ERE

CAT BT TR W], ki & Sl a1
LA IR 5 e PR 2 D5 2R bl I v 5 < AN [ T

17 AlCoCrFeNiTi , -
AlICoCrFeNiTi

- Bulk Metallic glasses AlCOCTFeNl e
o >< AlCoCrFeNiTig s
=

ke, AlCoCrCuFeN1
E CoCrFeNlCuAlo s AlCoCrFeNiCys —®

= VNbMoTaW ——®

i)

5

= Tltanlum alloys

= Magnesium alloys f Stainless steel —

Q

2 R =

#0.01 CoCrCuFeNi Aluminum alloys ) 5

Nickel alloys
20 40 60 80 100 120 140 160 180 200 220 240
Young’s Modulus/GPa
BT A 505 BRI 0 5 < 1 BL i B A0 A IR 2 Y T
Fig.1 Specific strength and Young’s modulus of traditional alloy and HEAs!



*336 Mty @A RS TRE

50 4%

R TF LN AN R 1R ) 2% T v A I Mk ik T 4% B
PRI, IR A G i Ry AR 1), O I B I 4 v
JEUT, Ha Ak 2R R A 6 i 2
2.1 BRASHEE

B R 2 e A AR s s S e
P, eERE e H B 2 R Al R A R AR U T
ML I T, FERE PP b5 i . Yeh 55K H A HE
WL % AlLCoCrCuFeNi &4, id#im Al & &,
i B R R4 ™ bR T A VEAL, Huang 25K
P s MRkl 46 T HITiZeTa, MR 441, B 2
R T AN Ta W B8 TR 14 W Z2R0 0] 110 (R 287 1))
ARk, KRILBEA Ta & R BRAS, W7 B 5 th g 8 )
e P BT 11 2 A Sy A [ sl SR s . RV S B Y
I, AR ARAE RS eI, X DR AR T B 2 e
SRR AR I o LI AR AR TR T R P S IR AR T
B A B AT Ta 2 52 00 ARG I 38 0, 2 A 742 F i 55
BEAG Ta 7 f (1039 0 1 B .

45 R 7 L sl 55 R 1 LUK 22 5 0 & S vl gk
G A7 AL B AT 5 ) A, S B0EE S v B MR T
BT 2, XK BRI T g G < AR5 R 4 F
MR R IX ), Lo SR H R A SR

AlCoCrFeNiy %5 w25 4 e 30, BT Al 4% 1 4 5 v A
B RonE RAFEIETE,  [R]I S R0 3% 5 4128
ot v A £ G AP LA B O AT W B s ma B A
SRR i v 0 < R R T RS A A5 T o i D 38 T
R A G RS 2 PR A O R G A (AT
PR IS T S G 4 0 TR IE NV H

Pt i & Gk BA 0 I BE P o Ye 5575 w4l
SRR B A A 4 T HINDTIZe =i 4
HH T BRI, B 3a B4 TERFRRIRSE
RN, 2 i 4 00 B 4% B R EE B DA R ] )
(38 T i, X Ehgl Nb A C103 BFE B 2 A AL i
#o B 3b BoR TR I EIEED A B R AL, T LA
H4l Nby C103+ £ 4 AT B R 500k 4.02x10™,
546x10", 7.81X10" Pa. & 3c frig g iz, 5
GGG, %R H A T S
22 MIASHEESE

Wb A 421k (mechanical alloying, MA)/2 il i /¢ & G
BREE B ok AR OB AH B2 1) 85 B Bk 2 1)K A Ji
& m G SR S —, W REAIE. Wi,
A R UKL S 4 T S & 434 . Varalakshmi
FIHIBUBR G a4 7261 % T AICrCuFeTiZn &l & 4

40 pom.. :

=600 MPa e A

100 pm

100 pm

0=930 MPa 0=980 MPa

100 pm

2 HIfTiZrTa, & < W7 RO 11 A8 40 K34 S8 aod 78 b 1 [IRR AR AZ J5UAr. SEM i )y
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Perspective on Industrial Applications and Research Progress of High-Entropy Alloys

Lu Yidi'?, Zhang Xiaoyong®, Hou Shuo’, He Weifeng*, Wang Hui', Lu Zhaoping'
(1. Beijing Advanced Innovation Center for Materials Genome Engineering, State Key Laboratory for Advanced Metals and Materials,
University of Science and Technology Beijing, Beijing 100083, China)
(2. School of Materials Science and Engineering, Xi’an Shiyou University, Xi’an 710065, China)
(3. China Nuclear Power Technology Research Institute, Shenzhen 518124, China)

(4. Science and Technology on Plasma Dynamics Laboratory, Air Force Engineering University, Xi’an 710038, China)

Abstract: High-entropy alloys, which usually consist of 5 or more elements in equiatomic or near equiatomic ratio with a solid solution
structures, have emerged as a new kind of metallic materials in recent decades. The proposed philosophy of high-entropy alloys has broken
the paradigm of traditional alloy design and largely expanded the scope of alloy exploration. Meanwhile, high-entropy alloys exhibit
several unique properties, such as high strength and hardness, unusual low-temperature toughness, high corrosion resistance and radiation
resistance, due to the large lattice distortion, high mixing entropy, slow diffusion of atoms and cocktail effects. In this research, we made a
brief summary of the present research on high-entropy alloys, and discussed the potential applications of high-entropy alloys in extreme
environments as new-emerged structural materials. In particular, the possibility of high-entropy alloys used in the key components of
petroleum industries, e.g. drill pipe joint belt, bushing and high-performance riser, was analyzed.
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