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Abstract: Based on different high-entropy alloys (HEAs) systems, the latest research progress in
additive manufactured high-entropy alloys was reviewed. The rapid solidification microstructure,
segregation and precipitation behaviors of high-entropy alloys fabricated by additive manufacturing
with different compositions were described. Especially, the analysis was focused on the mechanical
properties, deformation and strengthening mechanisms. It was pointed out that the appropriate
additive manufacturing process should be selected for different high-entropy alloy systems, and the
influencing factors of forming quality need to be further studied. Finally, it was proposed that high-
entropy alloys with both excellent strength and high plasticity can be developed and prepared by
additive manufacturing technology.
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Table 1 CoCrFeNi system high-entropy alloys by additive manufacturing
Method Composition oy/MPa ous/MPa &/ % Segregation Remark Reference
SLM FeCoCrNi 600 745 32 No [17]
SLM CoCrFeNi 572+7.5 691.0%15.9 17.9+0.9 No [18]
SLM FeCoCrNi 581.9 707.9 20 [19]
Ink-extrusion  CoCrFeNi 25045 59848 33.8+1.3 Sintering [20]
SLM FeCoCrNiCo, 05 638 797 13.5 No [21]
SLM FeCoCrNiCy. o5 638 795 13.5 Cr along Annealed at 400 C for [22]
dislocation 3 h followed by
networks water quenching
SLM FeCoCrNiCo, o5 787 950 10. 3 C and Cr Nano-scale Cras Cq [23]
on grain type carbides can
boundaries precipitate under
annealing at 1073 K
for 0.5 h
SLM 1. 8% (atom 650 853 34 [247
fraction) N-doped
FeCoNiCr
SLLM FeCoCrNiSio. o5 701414 907425 30.842 No By remelting each layer [25]
after its initial
laser scanning
LMD CoCrFeNiNb, ~410(Nbog.1) 2~690(Nbg. 1) 55(Nby.1) Laves phase As the Nb concentration [ 26 ]
was enriched  increased, both yield and
in Nb fracture strengths
increased but tensile
ductility decreased
LMD CoCrFeNiMoy, » 500077 K) 928(77 K) 60(77 K) [27]
LMD Niz. 1 CoCrFeNby. » 896 1127 17 Nb At 1250 C for 1 h [28]

followed by water
quenching, then at 650 C
aged for 96 h
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Table 2 CoCrFeNiMn high-entropy alloys by additive manufacturing

Grain siz Microstructural St theni
Method rain size/ oy/MPa ous/MPa &/ % Segregation 1cro? ructura reng . enmng Reference
pm evolution mechanism
SLLM ~1 519 601 35 Mn is segregated at After HIP,the Mn Grain boundary [7]
the boundary of segregation strengthening
weld pool disappeared
SLM ~12.9 510 609 34 Minor segregation of ~ Deformation induced  Dislocation [30]
Mn along the melt twins strengthening
pool boundaries
LMD 564(77 K)  891(77 K) 36(77 K) Mn.,Cr When the strain Grain boundary [11]
increases to 18% strengthening,
deformation dislocation
twinning appears strengthening
LMD 3-4 710 850 40. 2 Mn and Ni segregate  Deformation induced ~ Grain boundary [9]
(—130 C) (—130°C) (—130 C) into grain boundary twins strengthening,
dislocation
strengthening
LMD 50-200 402(77 K)  878(77 K)  95(77 K) No Grain boundary [s8]
strengthening,
dislocation
strengthening
EBM ~~65 205+3 49742 63+1 Mn and Ni segregate Dislocation [33]
into the strengthening
interdendrite
LMD 30-150 448 620 57 Fine BCC phase Precipitation [10]
distributed at the strengthening
grain boundaries of
the FCC matrix
LMD 10 346 566 27.5 Mn and Ni segregate BCC phase appears Residual stress relief  [31]
into grain boundary in heat treatment by heat treatment
LMD ~13 517 26 Mn and Ni segregate  Deformation induced  Grain boundary [32]

into grain boundary

twins

strengthening,
dislocation

strengthening
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Table 3 CoCrFeNiMn high-entropy alloy composites by additive manufacturing

Method Addition  Crystal structure ay/MPa ous/ MPa /% Strengthening mechanism Reference

LMD TiC FCC+TiC 385 723 32 Second-phase strengthening [37]

LMD wC FCC+Crz3Cs 800 37 Grain boundary strengthening, [38]
precipitation strengthening

SLM TiN FCC+ TiN-particles 1036 12 Grain boundary strengthening, [39]
dislocation strengthening

SLM TiN FCC+ TiN-particles 1100 18 [40]

LMD CeO FCCHoxides [41]

LMD Al FCC+BCC 506 736 41.2 Grain boundary strengthening [42]

SLM C FCC+nano precipitate 829 989 24.3 Solution strengthening,dislocation [43]
strengthening, precipitation strengthening

SLM C Y-austenite 900 30 Precipitation strengthening [44]

SLLM C 741 874 39.7 Grain boundary strengthening.dislocation [45]

strengthening

Park &M BF 98 T (CoCrFeMnNi) g, C, (JE F 43
/% FED S A 4. R SLM T n] DU RR 3R
(1% 568 Ak RS e KAk o TR A 40 K i £k 90 A 40 4 A T 2 (]
FRUCIR 254 (0 10 3R F . Kim 2509 75 B (0 1 3 R F
il £ 1) C-CoCrFeMnNi =6 4t v- 38 [CAR 41 B, IF
LA BRI 4 i gl oK RS B L 3E 0 ) 32 o0 A 7 -1
PG AR 6 44 v, 7 MR 0o 2 v ] i & 2B MinNi i At Al
CoCeFe #11k .

R TE R A A s i A e B B 2 A M
BET 0 SO ZH 20, A Bl 1 50 3 8 R 9 P 1 B T
S TR IR A AL B 11 1 ok 5 4 KL T B AR R T 4K
WALy A gk TiN POk A BY T A= o 45 4 i .

2.3 AlLCoCrFeNi ZEHE %

X F 4 B JR CoCrFeNiMn & &5 W & &,
Al,CoCrFeNi & &M & 4 B A T 2 /9 4E 55 i 1 Lk
SRS A S WA E g 4. hT
Al JTE & —Fp BCC MR E TR . Z 805 A 51 id i
PR Al JTTRAE FCC 1R Z b i & s R 42 1 & 4 0 oW
SER, BR85S AL CoCrFeNi & B4 4 i K &
WFoE R BE Al & B30, Al CoCrFeNi & &

G AR GE MY 22 2 R , <20, 4 N BLR FCC 454,
0.5<<x<.0.9 B} FCC+ BCC Z5#, z=1. 0 W}
h BCCHE k., 3R 4 B85 T 3 4 B Ak 35 b il 1
Al,CoCrFeNi & B & 4 W fF gt eoe,

FF LMD (9507 A 4 Ak A0 i 3 8 40 0 18 AR
AT LD R R = 0 A A 1 B4y, A R R R A 4
Li &5 45 7 2=0.15~1. 32 ) Al,CoCrFeNi
R, EIHE AL &SN, &Lty
FCC Z5 #5678 S I ¥ BCC 45 H F A T B2 454 19 1R
AR H B 558 B £ # (FCC+ BCC/B2) i 41l
B, 4 R0 . Gwalani 2507 47 7 48 10 B9 B
5%, B4, Borkar 209 fE LMD #] & 19 AlCo,Cr, .
FeNi(O<a<<D) & & &5 K A Co,Cr & &
A4 B R A AE AL A KL ¥ BCC Fn B2 AH, B &
Cr & & W3 n, BCC &k & A B 8 19 8 8 43 i .
Sistla ZF0 R ALEA BN o AHTE BLA #a #,

Joseph 21 fii f] LMD 1 % (9 FCC 458 Al ,
CoCrFeNi =4 & 4 th A7 76 4 1< 1Y AR b AR 5 7 B
J5 1) S il FE SR A D R AL R AT RTES A
WiRL s FCC/BCCHE #4 fy Al , CoCrFeNi g i & 4 B A
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Table 4  Al,CoCrFeNi high-entropy alloys by additive manufacturing
Method ~ Composition Mechanical property Segregation Crystal structure Reference
LMD Alp. 3 CoCrFeNi Tension and compression yield strength: Grain boundary rich in FCC [14,46]
194 MPa, tensile elongation 38 % Al
SLM Alp. 3CoCrFeNi Tensile strength: 896 MPa, yield strength: FCC [47]
730 MPa,elongation:29 %
LMD Alp, 3 FeCoCrNi Tensile yield strength 410 MPa FCC, precipitation of [48]
L1, after HT
SLLM Aly. s CrFeCoNi Tensile strength: 878 MPa, yield strength: Al and Ni rich in BCC+FCC [49]
540 MPa,elongation: 18 % columnar intergranular
SLLM Alp, s FeCoCrNi Tensile strength: 721 MPa, yield strength: FCC [50]
579 MPa,elongation:22 %
LMD Alg. s CoCrFeNi Compression yield strength:400 MPa, Grain boundary rich FCC/BCC [14,46]
compressive strength is 1420 MPa, tensile in Al,Ni
strength is 930 MPa
LMD Al,CoCrFeNi FCC(x=0. 3) [51]
(0. 3<<x<<0.7) FCC+B2(x=0.7)
LMD Al,CoCrFeNi FCC(x=0.3) [52]
(x=0.3,0.7) FCC+BCC(x=0.7)
LMD Alp. g5 CoCrFeNi Compression yield strength:1400 MPa, BCC rich in Fe,Cr BCC+B2 [14,46]
elongation to failure:0. 25
LMD Al, CoCrFeNi FCC(2<20.37) [53]
(0. 15<<x<C1.32) BCC/B2(x=1.16)
LMD AlCoCrFeNi AlNi-rich matrix, FeCr- B2+ BCC precipitates [54]
rich precipitates
LMD AlCoCrFeNi Aged at 1200 °C /168 h.compression B2 rich in AI-Ni B2 matrix+FCC [55]
yield strength:1. 13 GPa,fracture stress: FCC rich in Fe-Cr precipitates after aging
3. 02 GPa,elongation:24. 2%
EBM AlCoCrFeNi Compression yield strength: 1015 MPa, B2 rich in AI-Ni B2/BCC matrix+FCC [56-57]
fracture strain 26.4%; tensile strength BCC rich in Cr-Fe precipitates
1073.5 MPa, yield strength 769 MPa,
elongation 1. 2%
SLM AlCoCrFeNi B2 rich in Al-Ni B2+ A2+Fe-Cr [58]
precipitates
SLM AlCoCrFeNi Cr B2/BCC [59]
Binder AlCoCrFeNi Compression yield strength:(1461423) AlNi-rich B2 B2/BCC+FCC+o6 phase  [60]
jetting MPa, elongation to failure: (31.46+2.1)% CrFe-rich BCC
LMD AlCoCrFeNi, Compression yield strength is (711423) L1, phase is rich in Ni L1,+BCC [15]
MPa at 400 C and deficient in Al
LMD Al, FeCoCrNi, Y+B2(x=0.7) [61]
(0. 3<<x<<1.7) A2+B2+ Ll (a=1)
LMD AlCo,Cr;—,FeNi Ni-+ Al rich, BCC+B2 [62]
O<<x<<D) Fe+Co rich

Widmanstatten ffRL 25 ¥, f [0 EZ & £ Ni A1 Al
() 5 BCC FE i 43 ff 1) BCC AHAL K ; BCC 4544 19
Al g CoCrFeNi @i & 4 WP B T FE R 4141, SEM 4
BT 22 B AE2E P AS ORI 25 180HE - & & Ni-AL Y B2
AT B0l 48 %) FIE & Fe-Cr M JC ¥ M 0 37
RT3 $0h 52 %), Mohanty 2852 78 1100 °C F i#
77 200 h PR EALBFST, Al s CoCrFeNi fil Al,
CoCrFeNi i & 4 & b 5 ¥ 78 R M i — )2 Cr, O,
AALE IEAE N E TR L ALO; W2, Al ; CoCrFeNi

FEA ST E S M) AL O, SRR, H S b 25 4
AR R] B4 ZE K T 3G . AT 4 e 1 & 4 A AL BE ) .

Peyrouzet Z£M7 FE SLM il 45 9 Al ; CoCrFeNiF
E AT RBLT B (1100 SR 4ELUR L T C001) A4 J2: 14
MR FCC & 4 e h WA B0 1Yy, T A2 78 16
R dfRL LA COO L) B fm) 15 4T BB 5 1] A= K, T A2 445 1t 1Y
PR, COO 1) B[] () & br A6 AH X T 47 B 5 1] Ay 45°, W]
JE S FTEN 5 18] — 80 C110) N - 4E 24 . PR L L il i
B 38 A A SR AN EOL D AR AT LB R R i 2k
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Fig.4 Composition range of the laser deposited Al, CoCrFeNi

alloy library as a function of the powder feed ratet?3]

WAV AT B 1) (B . SLML il £ 1 R FH TR
AR Al s FeCoCrNi {4 4 4 165 9 77 76 W1 2 1Y
HER A A 1] 25 4 L R R AT SR 09 BCC A S FCC M
4R R Zhou VYR TG 4 B R il & 19 Al
FeCoCrNi mfii & & HA FCC M, Ml & &R
BCC MI7E SLM 1 72 th 55745 Sy FCC A1 , 3% 38 W 83 oK ¢
PEXT G S — S,

TE55 BE /R AlCoCrFeNi =i & 4 M #F 52 7 . LMD
il £ 191Z A 4 BCC ffR &5 # i C& AL ND A ¥ B2 3
A HEF B CF Fe. Cr) JLJF BCC Mr il ¥ 41 - .
Wang %7 & BUIRAE h HL A H2308 B2 BUAH 1 [ A 41
21,71 800 “C BRI T & # B2 HAkh K i FCC M
T N I A A L N LK N
., B2 & ALNi, Fe-Cr fi#f T FCC #. Niu %5
K SLM il £ T % B /R AlCoCrFeNi il & 4x . i FE
P TG 7 A0 57 R CA2) FIVA P AR 0 7.5 41 (B2) 41 A
B2 HFEZEPAEE MR, AL NI TR 5 E
A BCC #8 A% 45 A ¥ AN A A, oo &
W51 0 A #E ALNG AH (B2) B B T o — 1y A2 4. A
B2 HH 1 & i B A UK RE B 09 3 SR N . Fujieda
DO Al EBM 2438 AlCoCrFeNi #5545 42 1 il
7 WFFE R BEE SRR K R B A BCC 4549 , EBM il A
A EA BCC Al FCC B 454, K343 19 FCC fi ik
AFAE T TR AR 04 & A A o FLJRC 8 e IO /&7 3 A% 42
A JEDR R g5 B A G R AR E T A T 0 ST M Y
Briti . BEJS . Shiratori 5557 & B0 H & 4K 45 19 2 T T
BCC M AIA 17 B2 ML 44K 2454, H B2/BCC
RAH A SR AT FCC MM . Karlsson 21 fifi Ff
BaE R B R ) 45 T AICoCrFeNi i 4 4x , he 4
JE B FE i BCC/B2 AL FCC A1 F1 g M o AH 41 5.
1000~1100 “C (3B Kk 4b AT H0 ) o 41, 22 Bl B2/BCC
FHA FCC AR & . Fhim il B i — 23l FCC A,

1200 ‘C A1 1300 C¥ XM HA BCC 5 B2 AHZ .
R It L 25 28 JK ALCoCrFeNi & i & 4 09 A1 41 5% 5 1 4%
T IR T A G ) B AT Y 2 ] 3 R R B Ak
HR A 2248 18 HH AT R T FCC AHBT

SLM #l# 1) AlCoCrFeNi =i 4 4 Bt 2,
9 T i 2 K BB 7 T ) B 32 T K I KR X
JEh 98, 4 %65 s 3 B 5 7= A 2 a0, U ik A b 26 2R
SR T A0 AT 9K S 1 R A SR R B SO R —
AN B PR AR A A A3 Rl s g
I, X SLM il #% 2 208 B 1Y) AICoCrFeNi i & 4 if
T Z IR A MBI AL HE I8 T LS B IR KR BRAE
TR (1 i A B AT R CHn R 5 2K OB R T R
W I i 452 A B R % R E N
2.4 MRBHAS

SO ) 3 X S A 2l SO0 R oy R Ao
FINTR G B A, Rl 1h 2 o3 57 w] e il & i A v
ST ESETN

Kunce 25 2 ] LMD #1454 TiZrNbMoV & i
E 4RI H BCC [ MR 1E 3¢ NbTi, #H4H 5 i # #H
WA AR L S E Ze ¥, Dobbelstein 8-+ 18 i
Jik ot LMD 14 7 TiZrNbHITa B4 4. 4544
S HUAH BCC, 4l /N4 5] B Al i A1 40, ik ook i 3
A U P T A ) ORE B A A 2 DAY ARE L R DT
J25 A OB AE Ok o 8] Bt 25 3088 01 9 8 TAE & Z 5k
i I X R A TR A 0 A 43 R L L il A R T R L
T 45 1 vk B 4 O SO A & TS R AL A
&, ZFHFE S LMD #il 4 T NbMoTaTi &
G4 TAIL Ta BRAR TSI MBEL G TE &
ERFI AR EIR SR, Zhang R A
SLM U % 7 WTaMoNb Tif &5 i & 5 & 4, 42
N HL— BCC g4, fb S8 Bl 8L T SN AR S . o
PR EOE B OR 90 %0) L 45 & BB 4l T2 ik
177 Sk, s T A e,

HYTEE SR = G 4 v s ST B S S IR AT
Fh S B BRI 1 Ak 2 B0 5 0 bR R R
Sy i 25, 78 LMD s 45 5 o0 R IR 5 B9 L AE
SLM H LI T E 5 78 &, F B BAT et I 24 sl
L0 1) o ME A R A A 10 3G b T G M RE T R BEAR
Dobbelstein 255758 118 LMD #4857 406 B TiZrNbTa
Tiif 2 i 0 A 4 . FH AR A % 25 AR 5 B, 45 B Ty Zrs,
Nb, Tay; ] Tiys Zr, Nbs, Tays B8 20 #6 B, Tiss Zr,
Nbs Tazs 5 Tiss Zrys Nbys Tays 22 [0 84 BCC [ ¥
TR BRI . 24 Zr/Nb BB i %5 J5 7 41 5 i m] 4K 45
AR 2 A 4L, Melia 2555 ) 4 T £ Bl 4y
B MoNbTaW mifii & 4, A LEEAE T, A
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Table 5 Refractory high-entropy alloys by additive manufacturing

Method Composition Crystal structure Segregation Mechanical property Reference
LMD TiZrNbMoV BCC Mo, Zr-rich precipitates [63]
LMD TiZrNbHI{Ta BCC [64]
LMD NbMoTaTi BCC Micro segregation Compression strength [65]
between grain boundaries 1301, 83 MPa at 25 C

SLM WTaMoNb BCC L66]
LMD TiZrNbTa BCC [67]
LMD MoNbTaW BCC [68-69]

2.5 HittesHes

W Ab  — 2 2 TR B 5 T L At 1 38 b o 3 v G
SR R ST R BT R 61 Co 1Y
AlICrCuFeNi &A@ 1E b —Fh B & 4. A Fl TR
IR AR 3 LA, 51 77 &2 Xk, SLM #il & 1
AlICrCuFeNi /S0 G 4 B A B 19 24 a0 sk, & ik
5K AL T B2 MR A2 AH Y R L BCC BVA AR, 4K
Gew Cu AHTE KA BE &b A0 B T 52 850k 4 A, i 78
ANFR B AL B SURLR B T, FE B S SLM il A
AICrCuFeNi, (2. 0<Xx<<3. O K Z 5™ v, & B
Ni 9 i A 2 FE bR 3 S S R AR, R 2
AlCrCuFeNi, , =y & 4 R I B B i JE S il 41,
55 30T S50 L 9 0K R 2 SR BUR (FCC+ B2) 454
LI /N F B AR A8 HE LA B2 B2 A v oK o Y 2k
¥ A2 GRS, B PR R M AR A
F3 40 s AlICrCuFeNi, o & A 4 30 4k SUR 40 K 25 4 5
AT A5 T Y PR IR A AR T B T

Borkar 4 F ] LMD #1145 T #3589 Al, CrCuFeNi,
(O<a<<L.DmMa4, ME Al SHMIEIN, DA
4l FCCH(EF AT L1, A1) B % A8 S BCC #H (&
AF B2 M) .M 2<C0. 9 WL FCC Ry 15 2 B 5 41 17 24
Al & BB SR, BCC AH B e B . 78 SLM il &
Al, CrCuFeNi, BFF¢ 7, B 5 5 2 k(4 38 n , 5 1A &5
¥R FE B FCC [ FCCHBCC/B2 #7485 , IF £ 4 HOIR
)25l AR L Al s FALL, A A TR A2/ IR
FCC A& Fli A BRIE BCC 94 K #1419 3 otk B2
SRR IE A 4L, FCC AL S A1 BCC 44k Ui i
YIE Fe Al Cr.ifik fh) B2 ZEK & AL FI Ni,

Chen %758 53 LMD il % T Al CoFeNiCu, . 5
WA 4, RIBES Al & & INA Cu & =k,
an R E5 8 B DL FCC i %545 iy FCC F BCC M5 & .
THOULZH 2 A B R AR A o, A5 A i AH 221 R & Fe, Co £

MEAAA N E Cu, AlM . Zhang %1 25 SLM il &
1) AlCoCuFeNi & 5 & 4 B — 1 A Jy 4k 0 3r 5
(BCC) (B2) [ %5 1A AH A1 41 /I 1) FE 4R W 45 44 20 1, V2
YR 7 A AR SR 1Y C001) 414, 1000 °C #ah B L 1
ONSEJT (B2) B4R v b i 4 /N (10 B FCC M, iR E
Al F1 Ni,Fe 1 Co fEWIAH ™ 73 41 $45) . SLM il % (1)
AlCoCrCuFeNi & 4 & 4 dh 1K 45 #4 2 FCC F1 BCC
M, BB m SR, SRR . Cu iR W
PR #r LA & BCC Fit FCC AH Z ] 9 2K e & SLM i 7
I Y R T

Fujieda Z5 Fe 4 T SLM #1 EBM il %5 Co, s CrFe
Ni, 5 Tio s Moo, = K A 42 19 7 2% 1 B8 5 Tid Ji okt 1 i
SLM 2 #8 rh Ase veg 114 5 [ 3 A8 418 F A 1 A I i g
Mr BLgi/Ng 385 21 21, XRD BHE B b & Y TiCo,
8¢ MoFe, 4 J& BI1L& 9. 18 %5 b ¥ 5 XRD B4 & s
JpH— FCC M, {H STEM-EDS El{% & 77 & Ni-Ti
TURL AT 5 [ v AL B ARG SLM X RE JE IR 58 B2 A0 HT 4
PEREE] 6 T EBM BURE , (A K S K F EBM A HE .
SLM il £ i Feys s Mna, Coyo Crio Co, 5 8] Bt 15 5 58 AL 15 1
B4 (RAR IHEA) BA 2 0 Ak i R 35 BT i s K
JEE 30 135 e JL A B0 9 {6 4 B A Y e 1Y i A
PEB R RE Y, R A Fey Mny, Coy Crys Sis 55 %8 &
SRR EA L 0w - AL A . SLM il &%
M Fess s Ming, Couo Crs Sis Cuy s o i A 4 R B B A
FE BIH L 58 (1235 MPa) ., I H B4 &K By % 1k &1
%, PR I 2% B0 HH A v 1 A o

Yao 45 il i SLM #il % T JLF %8 & 8 & W)
AlCrFeNiV @k A 4. oW 45 # 2 #r # W, i FCC
[V 1A T L1, 0K AH A I HLAE 2 HIR A I R
R g I e ol = S R R R U E SRS
Vogiatzief 2557 5 37 SLM ] 45 19 AlCrFe,Ni, J& &
Ly W R 2 2 BT 9K G R 43 i 0 R AR BCC
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Table 6 Other system high-entropy alloys by additive manufacturing

Method Composition Mechanical property Crystal structure Reference
SILM AlCrCuFeNi Compressive strength 2052, 8 MPa, strain BCC [70]
of 6.8%
SLLM AlCrCuFeNi, [71]
SLM AlCrCuFeNis. o Yield strength=~ 775 MPa, tensile strength &~ B2-+FCC [72]
957 MPa.,eclongationa~14. 3%
LMD Al,CrCuFeNi, FCC+ L1, +BCC+B2 [73-74]
(0<<x<<1.5) (x=1
SLM Al,CrCuFeNi, BCC/B2(x=1) [75]
LMD Al, CoFeNiCuj—, FCC(x=0.25,0.5) [76]
(x=0.25,0.5,0.75) FCC+BCC(x=0.75)
SLM AlCoCuFeNi HT at 1000 °C,compressive fracture strength of BCC(B2)+FCC(HT) [12]
1600 MPa, yield strength of 744 MPa, strain of
13.1%
SLM AlCoCrCuFeNi FCC+BCC [77]
SLM/EBM Coy.5CrFeNiy. 5 Tio. s Moo, 1 SLLM specimens yield strength: (773. 0 £4. 2) FCC [78]
MPa, tensile strength:1178. 0 MPa, elongation:
(25.8%+0.6) %
LMD AlCrFeMoV, (x=0-1) BCC [79]
SLLM AlCoFeNiSmTiVZr system FCC [80]
SLLM Feig. s Mn3zoCo10CrioCo. 5 Yield strength:710 MPa, tensile strength: FCC [81]
1 GPa,elongation:28 %
SLM FeioMn2o Coso Cris Sis Yield strength of (530440) MPa, ety [82]
ultimate tensile strength (=1.1 GPa) and
ductility (30%)
SLLM Fess. s Mnso Cozo Cri5 Sis Cuy. 5 Ultimate tensile strength &=1235 MPa, Y+e [83]
average yield strength is (665+13) MPa,
ductility is 17. 2%
SLLM AlCrFeNiV Ultimate tensile strength~1057. 47 MPa and FCCH+L1; nano phase [84]
plastic straina~30. 3%
SLLM AlCrFe; Ni; Flexural strength is 2051 MPa BCC+FCC [85]
EBM Alp,5CrMoNbTay. 5 BCC [86]
SLLM Co.12 Aly, 26 CoFeMnNi Yield strength:500 MPa, tensile strength: [87]
800 MPa,elongation:41%
SLM NigCry WFey Ti Yield strength:742 MPa, tensile strength: Y-+ unknown phase [88]

972 MPa,elongation:12 %

Hi B2 Hl A2 S5, BAEFEZ I L FCC A LA A B9 TE =X
BTt o AT T 18 41 L34 57 1) U 245 4, 3 b 445 #4 7 1%
ST TR ®LIFAEN, LMD §l & 02 & 8
AlCrFeMoV, (x=0~D &l & 4.V &M 0. 3%
INE] 18. 5 %6 fOUL 45 # A & 2B A5 4k, b B AR BCC [ %
A VI B TN v B A I SRR A, R R 3
(BB B B 4 38 Nt . Sarswat 2559 % H SLM #1141
AlCoFeNiSmTiVZr % & i & 4 (AlCoFeNiSmy Vi, s
AlCoFeNiSmy, , TiVy.s » AlICoFeNiSmy, o; TiVi, o5 Zr Fl K B
£ BB AlCoFeNiTiVZ) ,iX #6454 K £ R HiMl FCC
45Ky, AlCoFeNiSm, V., [ EDS JC £ 4 #r 2 W fir 4
By 3 A5 AR B R B A . AlCoFeNiSmy, o
TiV, o Zr 1) XRD K5 R T & 4 hAE7E JLFD 4 & 8] £k
AW, 1 AFSm, ALV, AL Zr, V. Zr, (Fe, AD, Zr,Fe; Sm, Ti.

Sm, Nig ALy Al Zr; FeSm, » X 864 2 T 504 4 10 e 1%
Katz-Demyanetz SE) 5@ EBM #1456 T Al s CrMoNbTa,
T M A AL B MRG0 ST 3 T AR 4 i ) AR A
WA C14,C36,6H Fl C15,

Ewald S8 ffi H W IR & 8 K #il & Co 2 Al
CoFeMnNi = 1 & 4 i & SAL 2 35 50 Mk 5 ZUAKH6 T fig
WA FAE SLM 2 B B B0 K it 1 Ko, —
17, RE I A B FEOT R M A E) S SRR R
HA MG, 5 — 07 L BN I R T B T 58
SHHICEIR S . Yang &8 @3 SLM #1447 A4
THHYNi; Cr, WFe, Timi i G 4, o A Ul v AHAER
PHUATT H R R 8 76y AR A L BT R LA 4 /N ) B
AN 32 B2 1) IO AR 235 48 35 &) 3 A, 9 LA DR 58 [ 19 2
R E I T BT A B T A A RS R
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1 T B 1 e A A TR T AR 2SI 4 B A RL M 1B 1 A
(S NG G A RO R i B E g =R RN
ZRFR I L5 A TR o3 = G A 4 B R R A e IR
JEE NN BRBT L3R B, Bl T2 S O 4 S s R ] e
K % 5 055 JE IR o B D [0 38, 18 4 R R B B
SR PRE I N R AR A B G . 3E L I R R A A AR
N SR o N Lt N S BT R AN T R R A V2
Fom AL, DOVE AL , (0 76 A% 8 J5 2l 2% 9 1R v, gk s
s Ak e A A BB 3 L AE R A AR EE Y S AL 3
BRI IR BLIG S5 A BE B & . R4l Hall-Petch &% 0 . 40
s 58 Ak Cal i a1k 2 H R & 2 Sk b 5 0 A 7R Y
SRACHLE, X R M s R AR R —.

3.1 CoCrFeNi Z5 &%

Brif 4517 5kl SLM i % ) FeCoCrNi = i & 4
PART AN L, HA R Hall-Petch &0, 1fif H
VAT W 4 Jm Rk G 9 5 A SRR ) B B A o
JEFN R A A HE . IR KR E B3 S SLM i & 1Y
FeCoCrNi = Hi & 42 1 T 00 45 44 AN g 2 1k e, ¥k 1
T R R M i AR T RN I S5 A T B BT R TR
TN B P 4%, R AR TR B 2 LRGP AL 48 Y A 138 B L O
TE W 2 N T )l A7 5 98 FRUBRE vy 4 R 8 B2 . A 8 OE o AR
AR kAR G 1 T BHL LR 07 55 32 Bl . I 7E AR T AR
BLASBE  IFAE IR 5 D47 38 1 i AR o 2

CoCrFeNi =i & 4 b B4 FCC 454y, Fow] R H
(58 Ak 5 =X AT 4N i A RN 7 4 5 AR L 7E S A BT A
(8 v 8 A 4 o 7 R T 465 34 AT LA 55 0T R A AR R
KHAB AL 7. *F T SLM il 45 59 & B FeCoCrNi
A 4 (FeCoCrNiCy. 5 ) » Wu ZR0221 38 ] DU f7 B 4
BB VE % B, o CoCrFeNi 4B R i #, Bk % i 78
CoCrFeNi & 4 A 4 rh ™ A 5 21 A [ Bt [ %5 5 4L s o)
b, PR TS IV T S AT T i R Y 2 G A I 4L O
R 60° 4 48 T LAt 25 4R A 4 i T RE AR RE D Y
Lomer {458, [F] B R A — & B0 12 A 2 5190
RARAE B YRR /2 Y AT B T N A B AL
PRI Ay 22 o S AT ABH LB A7 55 95 B . Zhou 4650 & BLR K
W4 AT I A K g Cr,, Cy RUBRAL Y, SR ALY T B IE
K AE b SRR 25 0 b T v 2 R A ik 1 ) A it
T IR T V8 2 A/ AR T8 OE T LA A 3 1
fiff SRR K2 B L OB AR AR 7R A T R A
B BHAS T ALES T 7 B RE BLA 5 5 FUM R PR .
T L 38 44 4 1 FeCoCrNiCy, s i 4 A 4 1k Al 10 $12 8 2
o0 ity s Ak | [ SR AL BT S SR A RN 7 B b TR

A E 52 W B 25 . Park %0 #E SLM il % 1% C-
CoCrFeMnNi il & @ 7¢ bt A5 B AU 2538 .

SLM il # B % N N [ FeCoNiCr = i & 4 7F
576 MR R AR T B WL 22 W Bl O 25 38 1L S R h
)AL At IO 285 i 2 A Ll S R A1 8 Xl 22 ] 199 320 5
HERR L 36 1l o T 0L 7t 2 O A R A o DA S
AT B e LA R 8, ST T AR R R E JRe M Y [ B A
w s FET R AR B B, BT R Al A AL S M
(slipbands refinement induced plasticity, SRIP) £l Z&
MBS ¥ M (twinning induced plasticity , TWIP) %
1) 3 [R50 ) AR SEBG I AT BT RAR AR S 0 A
PES L BT LL, R I ) R AL Y RS Al 5 AR A Y 2 b AR
FEAIL 5 | A 1Y e 1 A8 B Ak 38 AT ] B $i2 gy o B R SE g
Pe. HAh, SLM #4519 AlCrCuFeNi, , B & 4
KT 2T ah A Ak Y 18] R T AR

7E SLM ffill % i) & Si ) FeCoCrNi i & 4 H
B AN BR 2 [8) R A T T Rl S AL B AR AR L R
55 EL A AH [ A TG % B 1% A7 485 B 5 BOUR 2R 457 48 3 o AR
e 7 25 WO A B . A0 SRR IR 0% A [ A7 i B 3
BRI ETFLAAME RS . S4h . Z A &R HA KR KN
[E6] ¢ 5 A A8 3 2 PR 3R AN AR 1 1 1 100 4
THEMEE., LMD % 8 Ni.,CoCrFeNb, , i i
B ABAE 650 CIBAJF AT BA DO, A FF S5 H ) YA
FCRR AR AE T2 38 2 A th ) 5 7 4 =2 ) B9 AH AR P 52 3R
B o BT H AR X 80N L% S I 5 A BOCR DL SY DT HIL
i A 3 TS AT R i S L A ke B HE LA 5T
YIEF, 02 B Orowan AL,

IR, 38 b ] 3 CoCrFeNi 5 4 4 19 5 L AL B
T2 IR A i R A RN L B SR AL 3K e R Y B T 3 S
S o Y s AL HLBR . S N A T R AR (8], 1 R T &
CoCrFeNi & i & 45 14 T4 0L 20 2w A7 DX 50 H [3] 5 5
TR UL B A 5 5 78 T8 22 5 W RS Al Y 25 A s Ak 1 R
PEfgfem W EL N, A ERMAFE TR NG
G R BT N TR R AL S5 AL T 7 A B A A
It B BA AR B B AR X 28 PR 2 B T4
&5
3.2 CoCrFeNiMn 5 & &

R ) 3 ok ) DR A R [ PR R AL T —
AR IR L IR BE 8 3 b1 i 1 9 CoCrFeNiMn i
TG4 BoA 5 0 5 B4 0 A 45 AL AT BT R RNE BT A
Byog e T8 & 1 BRI 58 32

Z TG K B, 3 b ] 3 ) CoCrFeNiMn
O % EUAT R 21 BB B Hall Petch S146 ., B 25 5k
ST B/ o B BRAT 5 B 4 e o DR Ot 3 b o] 3 A
P 2218 B [ Y 55 AR B S S YR B L X2 RO
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KA /N AL T 325 B B SR T R R L, 7E A A
PEFR I AR P R T AR AT L, L 250 7R 1 b o) 45 i R
HO SR B o A, 2 PR [ R o AH 20 Ak db R AT B[R]
UE S AR Gao SN IR B AE FCC SE K 1Y iy A
Qb 43 A7 RS A0 BCC AR L OGN T2 55 ¥4 10 38 232 1 &
L BCC AH A BT 5 Ak 1) P [ 4 A 384 4 ol 3 5 4 B
A e 5 R A € 1) E R

MR 1E CoCrFeNiMn & & 4 HA W &
R0 e A7 8 8 R 3k R B A A 0 T W T BE R i T
FEA A ] I T VA 200 38 PR BT B B 9 N ) 0 R LA
R 7 AR T PR AR A T R rh g i R AR
PR AR AT —FR A th LSRR FEAR I L AR L A
FEA SR Y T2 S 7 L AR T T R 0 AT B Y
AL AR AR O BA BIL T 5 50 R B P o7 5 28 8 ) S 4
Gy IR LES TR Bh i A A AR T R AR L i AR B AR
AR B A A BT ERT . Guan SE5Y AT ML K
B, Je M o5 2 S5 AN K S T 2R R R B T &AM Y
A kL P LT 33X 46 IR R 2 T LS I RS I R AT AR e T
I TAEfE R . CoCrFeNiMn & i & 4 KR T 2 it
HLAG AR S JE AL B, PR e LA 3 A R o e 2
I LB S 50 ek BE ) e AP 2R B o e IR e B R A S 14 [
7=

X 1861 il CoCrFeNiMn & & 4 & & # K,
B TiC 702 438 i, i RE i J iR 157 7 38 fin mT )5
F TiC AHE 23 BH 1k 0 O 7 18 RS A1 3 A B 5T L dR
WC Yy CrMnFeCoNi = % & 4 52 2 G b kL J) 2 1 hg
1Y 23 H KT LMD BE B 5 40 9 45 il 5 R Fl WC R
IS I SR AL B 2R G T . A e Y R IR T LA
WC s H A AT & 50 4 R R & P ol s 1k . T8
B Cray Co BT 90 0] BE 7 B 18 3 A2 b 78 24 5 0P #%
S BB R T A A R A

IRt 38 44 38 CoCrFeNiMn 5 6 4 42 1Y 3 A6 HL
il 5 CoCrFeNi =i & 4 S0l 32 22 40 b ok Ak 7 5
AL DL K AR I 2 i {H Min /R By AT JC K L 98 K 94
ALY R EINT B ERAE . Z A SRR T SR
5 AH IR B = R R H ik i i B 5T
3.3 AlLCoCrFeNi Z5REE

EBM #1451 AlCoCrFeNi 5 1 & 4 3 ¥ 1 E 45
PERE A 25 ) S, RSP AT T 4T B 07 1) B 4 MR AR T
e B FATEI 7 ], 3R 4% ) S 1 5 3 1 4T B 7 1) A
TR 4 7 A I B B R R A Y EBM 1
T T 2 FCC AT 1 A L B2/BCC A1
KB Je AR NE 7 FVEE G 1 #E P L il EBM R R £E IR A B
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