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Multi-principal-element High-entropy Alloys
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(State Key Laboratory of Materials Processing and Die & Mould Technology,
School of Materials Science and Engineering, Huazhong University of Science and Technology)

Abstract ; Multi-principal-element high-entropy alloy extends the composition design to the deep regions of the
multicomponent phase diagram, which has no clear difference between solvent and solute. Therefore, these alloys
have a more complex composition, unique atom structure and high mixing entropy and manifest lots of distinctive
properties, determining that the solidification behavior of the multi-principal element high entropy alloy is differ-
ent from that of the traditional alloy, especially in aspects of solute redistribution, solidification microstructure
formation and grain refinement methods. Based on the complex compositions of multi-principal-element high en-
tropy alloys. the solidification structure, composition segregation and methods of grain refinement of some typi-
cal systems were mainly reviewed, and the future research on solidification behaviors and microstructure control
was prospected.
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Fig.1 Solidification microstructure of typical multi-principal component alloys with single-phase FCC structure

1 3% EALEENEEAR

ANZ ETma S s s 25 s ik
RETHRHESEERANIF L. PHEHNZ ETHE
e —-REZE0ES. HATCHRE T K& AFH
[ S e NE N | N R N Ol P TG B 9
FCC.BCC il HCP 2544, X 3 4 i i & 4 1 & 1Y B
(5] 2H] 2R [E AT O 3 0 2 L AR fBL A R AL (R B ey T3
BB R 22 5 AR FE— i X 50
1.1 FCCEERXAEMBREAR

HA FCC 451 4 )8 # kL i T 1 8 R £ Pelerls-
Nabarro (P-N) J7 i, P& 0t 98 o A0 0 4 £ 50, 1 4%
Tl Ak AL T 4 g 5 RE 1 2 (RO L IR A 2 o B e B
FWEN.FCC ZEXAEERMAE N ZHEKR.
B B KR A0 1 S5 R R L 4 R i e QTR A 4,
H CrMnFeCoNi & & &R R PR MG &k R, H
PUICH = JC R L F R A 8 b i & 4 WA B A
HAR FCC 454 , CrMnFeCoNi M H# T & & H
RIS i T IZ AR A 2 £ o0 A 4. MG - 098 & f
BT R B AR SF EER A A R & & s A
FesoMny, Coy Cryy 2 906G 4. % & & 3 2 TWIP #
TRIP 80 - 2 B0 28 H (0 %8 B A s PR DL il 5e &Y,

TE B 8 1] 2% 1 T 3 S0 5 4 11 R [ AL L 1 5y
LK A B E B AT. GLUDOVATZ B 4 #|
HHE VG T CrMnFeCoNi £ £ 56 & 4 19 /MR FE (10
)« TE P VS HI 2% 1 T B [ 412U SR R K i AR A L
Bl 1. BT Mn BFELE. &P Al T Rt iy S
%i. #—#, LAURENT-BROCQ M 25T L 4 i 58 T
CrMnFeCoNi 7E A [a] 5 [ 45 {1 N (19 21 8128 4k 7 AR A 35
P 1) B ] 38 3 A5 R CHBE I 5 ) R, T ol L 7R ) At 4L

(¢) CrCoNi

Ni & FI04 4 B9 BEF 414, [ RETE ML K BRIk . 3
5 CrMnFeCoNi 4 4 A R 52 5 46 5 19 Cr A B
mZ 8, TSAU C H %557 ) A e I #5647 CrFe-

945



R Fh B3 MA@

2021 4F4E 41 55 8

CoNi il FeCoNi £ F 06 4 UESE T CrFeCoNi 4 4 1Y
FLRFER A IE 2, 9 & B FeCoNi & 4 B 1 55 il i, (H
FEAAG B EE 1 07 F AELR . NUTOR R K 525 B 58
T1E55E21: Feso Mn,; Niy Cryy gfﬁé@%{ﬁ@éﬂgﬂ s%ﬁ
A BRI A AR 5 K 2 05 15 2 4 /N 5] 1 45
ARZHZ . ERERAEDY BT T —AlBi A AL Cozs Cuss

My, 5 Nigs B0 4 42 - 4 B A FCC 450, 45 45 41 4 o
AU R IEM AR BTE 1 000 CHy5)fabs 24 h J5 . B
it A 78 Ay A T i
1.2 BCCEZERLAEE&RREAR

BCC Z5#49 1) 2 F 0 R i & 4 BoPR o MESE & i &
4 (RHEA) .}z & 4Pk VN, Ta,Cr.Mo. W %
MEKE T E N FoC. hFAITER BA m 5 S BCC 45
5 DR I s s 0 B 4 A AR il BCC 8549, I HLIG 550
TR E AT . WFRCE TR 2 MO EA S e
bR i =R U K R A s = R < M L N
PAIBCIC AR S8 19 i T 4 o AR T £ B R 106 A ) 47
W3 245 K 2 % L i R A I R A R ) E R T B
PRI MY o A G 46 100 BE [T 4 A R E [ 2H U AL P2
WFFE I E A

MR ME A G AR R A SE E UK . NbMo-
TaW. VNbMoTaW. TiZrHINbTa % 4 4. NbMo-
TaW $il VNbMoTaW 24 BCC 4544, H7E 1 400 C

(a) NbMoTaW

1.3 HCP XA EHEREEHARA

Fr 7 FCC #l BCC 51 £ £ou a2/ IR E
T HCP MM ZFE LAk zRz, HEC#d 74T
FhEACERMEIR R H HCP 5L Fooaam T+
THBRZNM TR MIEM TR A R K G
FoRE . GAOM C %P4 1 T 2R H A HCP 45411
Z FILE 4 VA 5 IE 32 CoFeReRu & 4 I
£ HCP Hip, B A R A 420, Re fl Ru & & TEE
T 0fi Co Fl Fe & AEAERL M. UPOROV SEEN 5%

946

(b) VNbMoTaW

PUF B R R R A e A S5 4, X 22 i T A TR
¥1oh BCC 2544, il B R A1 5 X I R & 42 AR T2
HLR I &k NbMoTaW & 463 (1724 fid B B 42 29 24 200
pm, 1] VNbMoTaW i1 S kL B AR 292 80 pm, UL &
2a FIE 2b, EDS 855K, W& & 4835 R K ik
(AR A 5 B D & 46 Mo VIl Nb, T & T 7 4 3L
fh e HX PR A 4 S T2 R 40 A8 T &
A 1.5% . 3 H % FEAR &, 40 i i 13.75 Fn 12.36 g/
em’, COUZINIE J P %5 ki 42 1 7 TiZrHINbTa
A BEAN9.94 g/em® I HRAH —E M E IR T
JEYE. A A RT A TCIT R BCC A, BE E 448 5% 2
B RAT 56, ¥ FIEE R B NS 1 X S B A . Ta F1 Nb
BAETERLS . Ti. Ze A HE B 810 AL 18] 5 78 1) 8R4
PR DX 3R TE B A dd . ST R B S o . i —
SHEIKH S 85" $2 Wy 7 W00 X o 0 A 4 A AE 90 v 1
VEC H 4 $& 10 T HE 4 B /R L% Tiys Hios Nbg s Tag; Zr
B4 FLA S i A 98 P L [ 20 280y SR [ A
i WA 2c, WONG K K 252 fEgy 1 3 Fh B BCC
SERG 1 A 55 FE IR LU MEAR 2 05 5 4 . 43 & Tiso Zrys Nbys
Moy, « Tisg Zro; Nby, Mo; 1 Tigs Zrso Nbyy Mos » 22 13 H, 90

W U o B B R SR A A, AN Z BT g

i+ 7 HINDTaTIV & 4. ) AL 910 Br il 4 1 44052
B5E 18] )5 T2 B A 2H 0 B R AR RS RS N A
T, B f ) ) SR A 5 g HELTH AV,

i

(o) TiLs Hfo.s Nbo.s Tarxs Zr
B2 34 Aley BCC 4 A 8 e d8 & i &40 3 B 2 47

Fig.2 Solidification microstructure of typical refractory high entropy alloys with BCC structure
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Fig.3 Solidification microstructure of typical multi-principal component alloys with HCP structure
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