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Abstract: FeCoNiAl-based high-entropy alloys (HEAs) are designed by introducing the BCC phase stabilizing element Al
as well as other alloying elements into the FCC-FeCoNi matrix, thus exhibiting unique microstructures, mechanical
properties, and functional performances, making them promising for a wide range of industrial applications. In recent years,
additive manufacturing technology has provided technical support for manufacturing complex HEAs components with
ultrafine grains, which has attracted extensive attention. This paper reviews the latest progress in additive manufacturing of
FeCoNiAl-based HEAs from the aspects of printing processes, microstructures, performance, defects, and post-processing.
Various typical additive manufacturing techniques are systematically summarized, the crystal structures, microstructures and
corresponding properties of FeCoNiAl-based HEAs under different processes are discussed, and the mechanisms of defect
formation related to rapid solidification and thermal cycles during the additive manufacturing process are elucidated.
Additionally, several post-processing methods for improving the performance of FeCoNiAl-based HEAs have been
introduced. Finally, future research directions in additive manufacturing of high-entropy alloys are outlined to address the
current challenges and accelerate their industrial application.
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Fhah e i a6 B0Y , KUE B AR IR f T2
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43 R 3 X 3 45 4K (selective laser melting, SLM) .
Tk X #5 fk(selective electron beam melting, SEBM)
RS AR 6 45 577 55 5 1 (binder jetting, BJ).

TE DO 1R 2 H i 7E # £ FeCoNiAl £ = i
G b Rz B3 A S R = DLBOG R
Ae IR AL & B R R FOE ISR B E A B R
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BRI 3 R AR F AR OB ARy AR X T
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WA H RO JCTE YR i T3 BT, WK 2a A1 b fr
/N 38 ,SEBM B A R FZ AL R T SLM, A
LT FH A R A SR A AR B A L R A ) A
T TR A ¥4 0 B AN TR T2 T LAAR G By 1k 5% A A
N 73 5| e RS AR A R T R A, X 5 SLM
A PR 58 [ AS ], Kuwabara 25925 3 A1) F SEBM il
% 7 AlCoCrFeNi @l & 4, JFiHie 1o 41 2145
Fa X 45 M e T Ak 24 PR B 1Y 52 . Zhang S5
(W58 22 B ,SEBM il % 1) AICoCuFeNi & 4 & 4

¥l 1 LPBF 7~ & Kl K7™ ¥ ;. (a) LPBF i F /s & A, (b) SLM il i (19 /N e i A, (c) SLM il i 1 AICoCrFeNi,, KU i A,
(d) SLM il & ) (FeCoNi)g,Al Ti; HEAs i 523133
Fig.1 LPBF schematic diagram and products: (a) schematic illustration of LPBF processing, (b) small turbine blade manufactured via
SLM, (¢) complex fan blade of AICoCrFeNi,, manufactured via SLM, (d) (FeCoNi)gAl;Ti; HEAs gear manufactured by SLM®Z-
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2 SEBM i T. 25 KK i - (a) SEBM % %, (b) SEBM #T Efl it it/ #5181, (¢) SEBM(0°) B H: AR I T BN 7 1k | (d) T2 B 4T ER
77 1) ) SEBM(90°) ) FE {4 54 124
Fig.2 SEBM forming process and samples: (a) SEBM machine, (b) schematic illustration of the SEBM printing process, (c) SEBM (0°)

cylinder specimens along the building direction, (d) SEBM (90°) cylinder specimens perpendicular to the building directions!
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1.2 Em@EERAEAR

DED (directed energy deposition) £ A J& 4§ 7£ {#
PR, DRk 4 Jm 2208 20 ekt i % 1 7]
B, 2R AR R B A R A FH B AR b, AT Bl — A~/
W2 R SRR R R R W 3a~b Frs 240
T 0L ARG HRAVE D RE R IR, R SRR ot i
B IE H R (laser engineered net shaping, LENS) . i
4 J& DU (laser metal deposition, LMD) 1 # B 2 ik
R (direct laser forming, DLF), H#jE A 74319
FEWHEY] T DED £ AR 1E FeCoNiAl F 44 iy
SR A4 A4 FLPBF 4% A ,DED H A5 5%

3 DED W7 T. 20 ke bl - (a) WOt T e T 2R B (b) Bt &R IR & | (c~f) EIEHOLBUE & & 4,
(¢) Al,CoCrFeNi, (d) AICoCrFeNiCu I AlITiCrFeCoNi HEAs, (€) AlLLFeCoCrNi,.,, (f) Ni;,CosCrjoFe Al > 44
Fig.3 DED formation process and samples: (a) schematic of the laser-engineered net shaping process, (b) laser-metal deposition test
assembly, (c~f) direct laser fabricated HEAs column, (¢) Al,CoCrFeNi, (d) AICoCrFeNiCu Fil AITiCrFeCoNi HEAs,
(e) Al,FeCoCrNi,., (f) NinCosCroFe Al >+
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E LAARAS AT (14 T 2 P g . Joseph ZF U5 5% 414
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12 RERY R . Borkar ZEBF5E Co A1 Cr 1Y 4]
Xf AlCo,Cr, FeNi i & & i ERER 52, WAl 4a
Jii7s . Lu SR 85 RAAE R T AL & & 1B AR
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b I XY S G2 SRR AE SR T T AR g R RN AE R/
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i, Shen JENEH IR A 224 (composite cored wire,
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THOULEE #4385 24 M g A A 7 20E T RE o] DAY/ 3R i A
FEARAT P v E SR A4k Aok, DT 203 AL 1
fit ,CCW-AAM /R B 5a fin, K EH %4
# A sb Frx . £ CCW-AAM AR A HEAE E | Yao
AR CCWHAL 22 -AAM 17 ki e Al IR
28 SRR HLAE SR RS 4 E S¢ Bras , Osintsev 455
AR DL 7 35l 25 T Al CoosCrosFeNiy, & 4 &
4, RIAE WAAM il % AICoCrFeNi H 4 Jifs 1 147 24
SR TG A 120 oT 2 e B R AR AL i e A
ARSI E O T AR R MR G L BR T L
4@ 22 R IR R}, Zhang 45 R FH 45 B # 9IE ) DT
1 CoCrFeNiXy,(X=Al, Nb, Ta)#} & , W& 5d B .
Lu %P4 IR B Se ¥4 &)@ 22 -l T2 5K
RAHGE G, AL 45 T AL FE I 78 5705 1) A AR 1Y o)

[&] 4 DED BIF5T %43 46 1 Ko 5 A kR : (a) BOE TR I AlCo,Crp FeNi 4 B 4 4 i 4 70 #6 i EDS # XRD &3 , (b) #OG IR
JE AL, CoCrFeNi JZ 1k #4 R 2 43 73 A 7 XRD % |, () FeCoCrNi+FeCoCrNiAl i 4 43 J2 MR 5 45 b 7% 72 [ A [R] 4 513+59
Fig.4 Research on compositional gradients and composite materials via DED: (a) composition gradient in the as-deposited
AlCo,Cr FeNi graded alloy, based on SEM-EDS measurements and XRD patterns, (b) composition profile and XRD patterns in the as
deposited Al,CoCrFeNi graded laminate, (c) schematic diagram and images of the FeCoCrNi+FeCoCrNiAl-laminated HEAs
arrangement®®">+5
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& 5 AR WAAM T 2R K : (a) A 4 el i CCW-AAM $ KR B 8 (b) A 2281 3D B | (c) XU 22 B 55, (d) ¥
R4 B L 9 4 ) 3 (powder plasma arc additive manufacturing, PPA-AM) T 25 # R 6 B RS A% & TR E R (o) IRE#H
A PR H 3% it S U (powder bed wire direct energy deposition, PB-WDED)% & 75 5 [&] 152575862
Fig.5 Schematic diagrams of different WAAM processes: (a) schematic of the CCW-AAM technique used to create HEAs, (b) 3D
model of CCW, (c) dual welding wire system, (d) PPA-AM process set-up showing a powder feeder system and plasma torch,

(e) schematic illustration of the hybrid powder bed-wire direct energy deposition (PB-WDED) setup®>*76
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T PR ¥ A R 5 | R A B ST R [ A A S R BT
ENAS 5 8 25 (AR 41 A SO 4 20 58 4 AN [R) 24 H Rip
B H T HI0 FeCoNiAl F & A 4 AH 241 B 1 24 4 il
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G AR XoF B 4 B SR Ak FIRE S B DGR A L
w2 20 r AR AN A S IR 5%
FR R 2H B, Y4 A2 G R R R A A S AR K ) S 3K
AR RE Y 4% 1) SR DRI I SR B 2 — 8 A B 1Y
T SR At R T MCAE A K T ) A S 2 (1Y
TE RO TR LM A U0 4 065 ) S B W 3 7 il i FeCo-
NiAl & =0 & 4 1 24 PR RE A DGl 3£

Wb 1 FeCoNiAl R R & A AL — M 5
K AR — 2, (H A B4, B 58 & B BCC fa
FEICE -Al 158 LA A A 6, Kuczyk
BRI SO RE S Ak, #5E0=02~1.5
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Al SRR, AT RLWER 2 B [ 3% 5 FCC M 1 £
1 BCC MF54% 1% 240 BCC Ml & Fe F1 Cr 1%

6 #845> FeNiCoAl F il & 4 1T EN S 55545 01 2= M R Xk pplesel
Fig.6 Comparison of the mechanical properties of several FeNiCoAl-based high-entropy alloys in the print and cast states®%!
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¥ X oK 9% FCC 644, B ] X J& BCC 4544,
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Sistla 25 WA Sk A1 25 44 () 2 B AS U AL & 2 K
5 FCC g oK Ni A K, ffiE AUNI H s/,
s SN 0.288 nm 4N E) 0.357 nm, T 25 44 &
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AT Al-Ti B FesMn3Co,Cry W £ =5 i & 4, B
& ALTi B0 (3G, A 4 i fob RO 32 B s/
SLAR BT H 0 TiAL &)@ AL & P Mgk 9% L1, 48,
[ i g 1 B R A

Bl ) 2 S AR A B S R 2 X A 2 B R
M, 7E 1€l 8a 1 Fujieda %51& 1 SEBM YR £ fiff
% AlCoCrFeNi i A 4 fE DB 2 80 3 £ 19 FCC
BT HERR 3 2ok P B R A AR Y e R A
RN 8b 7R . Wang SFHITE A [ O BE ftfi A Y
SLM i J& AlCoCrCuFeNi H & ¥, Bi#% VED 4%
fk. FCC/BCC 11 ol 45 & A= Pt 15, HfiBCC
) JE g Al , W E 8c i m ,CCW-AAM A= 7= 11y
Al-Co-Cr-Fe-Ni {F45 )5+ il & 4 1 TCCW-AAM .

B 7 AL &0k SR IE SR 0 50 ¢ (a) B2 BEOE TR IE ALCoCrFeNi {& & 1) EBSD &, (b) ALCoCrFeNi 54 & 4 A [ it KA %k
TALE SEM E4 , (c) YA ALCoCrFeNi,, & 41 SEM i fi [ {5146 5.3
Fig.7 Effect of the Al content on the grain morphology: (a) EBSD map of the deposited Al,CoCrFeNi system by direct laser sintering,
(b) SEM images at different magnifications of the interface region showing the dendritic morphology of the Al,CoCrFeNi HEAs,
(c) SEM images of the as-deposited Al,CoCrFeNi,, alloys! 3
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PRl 8 T B (o B A BE S 41 2H 18 1 520« (a) SEBM il £ AICoCrFeNi 2k 1) TS 11 i 4 19 TPF B A, (b) 25 )57 AlCoCrFeNi
R A 4 e THE G FE A AS 1k & ALCrCoFeNi A #4552 | (c) AICoCrCuFeNiTi = % & 4 1 A [A] E ft 4y A B9 AR 4 A7 5% 4142
Fig.8 Effect of in situ heat treatment during printing on phase composition: (a) inverse pole figure (IPF) maps and phase maps of the
top part (last built part) and the bottom part (early-built part) of the SEBM AlCoCrFeNi, (b) phase fraction change in the elevated
temperature range of the equiatomic AICoCrFeNi HEAs and phase diagram of the Al,CrCoFeNi, (c¢) phase distribution of different
VEDs of the AICoCrCuFeNiTi HEAsE 4+

2RI R AL SSFEARIE BCC A & 257,

K h FCC 45 22 A5 ITsh, Hig#im
25 HERR B 5 FCC 1Y FeCoNiAl &R E i & & A £
P R a0 84, Sarswat S5EUF) F SLM il £ & #
+ICE 1Y FCC ¥l AlCoFeNiSmTiVZr & i & 4,
FIH R A HUACRUE e e O E— 25 B i R
B Al &, 410 FCC+BCC A 19 AH 45 1) % 75 |
B 4 )5 B R A AL 3B g SR PR BRAIR . BCC AHERAR
1 FCC AHTEM B 1) FEARAE ] B[] BCC AH(TE
J¥ A2 M A J¥ B2 MATA JF CriFe 4 )& HALG 1) 2
Vi) fy A A SR 7 B S 2 T NI o7 68 1) B 6 2 25 T )
I TAEAL , Ak AL S 4 e I o B 5 Ak 5 i
25 PRUZERT R AR BEANTR] B R Ak ok 32 U Ay 15 4 Ak A
P A SR AL, T b B AL e R K [E] e FCC+BCC
R 235 R AT AE BB M AR T 2o A v 25 TR Dy i 1k At AN ()
TEWAHSE AN B, ML S B 545
Jfi , BB PE 220, K1 AR A & FeCoNiAl &
[_%J— ‘kﬁ;']‘ /a\ é&\ E/‘J éﬂ 2}:{ _% jj i Aré ﬁ-lé [23,33,36-37,39,42,52,57,65,68,71-77] .

Bt ) 1 R 2 R R ROUE 4 4 A AN 359 50 v A e
B o3 A g LR 1 A PR BRI 45 1) Sk, HLrp kL A A8 AR
KIE B SR A A 38 A3 AN [R] T - XRD 5o 0 22 5
H EBSD 45 5 2 i i 35491 Fujieda Z:P%E SEBM

il £ ) AlICoCrFeNi A 4 i WL £ 747 4T EP J5 7] 1k
FERARPEREOL T2 AT B 5 A, 33X i T Ak
FIH B AAMEAR ) AR R T TR )
A A AL T FCC AR BCC &4 R X A8 T2 1Y
B R AR AN R DA B AR BB AEAE , fb TR T 25 5
HZ8r . Wang % B SLM i JE AlCoCrCuFeNi
B4 XY F 1 i G B e ol 7104 HY & T XZ
T, Liu %5 SLM il £ (19 (FeCoNi)gAlLTi; $ {1
2 1) SR B F B 9a~c G . SR FINIE S5 44
FEIEAT TR ORI, TR BT T ER ) (R
7] B 2% B0 M 5 ek 56 &5 R — O I S ) 1 L R
LU S A T RA Ve /A O I W 2 Ly [ <6
WAL TP AT TATER 7 10, AHIA A 4518 7E Sun
EBIR R P A A . Joseph ZEUITE ELIEHOLTT
P FCC 45 44 19 Aly sCoCrFeNi H W 25 21 B & 1
Pr A XTFR P, H AR P AFTE<001 >4, LA & 33
AR AN AE R A8 AP RS AN 2E A
WA A fig B AH 43 A 19 R 35 50 3 i, Vikram 55 1204
BB HOG B B9 AlCoCrFeNi,, E & 4 kM,
FCC A & 2 U5 A4 8 1 (X) 20 A ,BCC Ml £ E T #
DT W(Z) 53 A, 2R 5] R R 4 R 0 A ) S
P 9d),
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F 1 BEMHIE FeCoNiAl R B A EMALR S HF 156

Tab.1 Microstructure and mechanical properties of FeCoNiAl high—entropy alloys fabricated by additive manufacturing

Compressive Tensile Hardness
Alloytype Process Lattice
o,/ MPa  o,./MPa &% o,/ MPa  o,./MPa &i/% (HV)
AlCoCrFeNi SEBM BCC+FCC 944.0 1447.0 14.5 - - - - [39]
AlCoCrFeNi SEBM  BCC+FCC - - - 769 1073.5 1.2 - [42]
AlCoCuFeNi SLM BCC+FCC 1342 1471 0.9 - - - 541 [71]
Aly,Co,sCrFeNi, sTiys SLM FCC - - - 781 1042 20.6 - [72]
Aly;CoCrFeNi LMD BCC+FCC - - - 476.9 501.8 0.6 208.8 [73]
Aly;CoCrFeNiCu SLM FCC - - - - 419 - 255 [36]
Aly;CoCrFeNi SLM - - - - 730 896 20 - [68]
AlCoCrFeNi CCW-AAM BCC+FCC 816 2835 41.8 - - - - [57]
AlCoCrFeNi CCW-AAM BCC+FCC - - - 654.3 975.5 3.1 - [74]
(FeCoNi)gAl;Ti, As-built FCC - - - 710 1055 29 - [75]
. ) SLM | 5p 718 1090 30
(FeCoNi)gAl;Ti; FCC+L2, - - - - [33]
SLM 5 729 1080 13

AlCoCrFeNi,, SLM BCC+FCC - - - 982.1 1322.8 12.3 - [65]
AICrFeNiV LPBF FCC+L1, - - - 619 810.9 353 - [76]

- - - - 633.1 807.2 18.5 -
(CrMnFeCoNi)y( TiAl)+Cr3C, SLM [77]

- - - - 594.5 787.4 19.1 -

FesyMn;3CooCrig+AlgsTigs - - - 342.6 813.2 27 -
SLM  FCC+HCP [37]

FesoMn3CoyCrig+Al,3Tiy - - - 543.5 854.2 31.8 -
AlyCoCrFeNi DED BCC+FCC - - - 1080 715 11.3 - [52]
FeCoNiAlTaB SLM FCC - - - 704 934 23.3 - [23]

K9 2HZUE 50 1945 18] 54 (a~c) SLM i £ (FeCoNi)g Al Ti, = 4 45 42 (9 EBSD 45 5% | (d) W+ #2181 (Z) M3l B 7 18 (X))
AICOCrFeNiy, i 1 £ 42 1) 4 oW 45 ¥4 1) EBSD 45 S
Fig.9 Anisotropy in the microstructure: (a~c) EBSD result of the SLMed (FeCoNi)gAl Ti; HEAs, (d) EBSD results of the initial
microstructure of the AICoCrFeNi,, HEAs along (7) and across (X) the build®**
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2.2 HEMEBERIRAE
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¥ A 5 A i) 2 HE U LA A% e 0 AR o %) Dy g A
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SRR G SRR AR AL T B & BRI
BCC F1 B2(F J¥ BCC)M M 454, & 10a 7~ , b
% Cr &= [ n ,BCC Wik ] 1Y spinodal 4 fift T
AR B Co MM, R Ak 5k BE B8 1 T i 4
T 7 B AR R AR PR 1 FE 0<w<0.4 B H. FRARS 2
TR0, SR J5 HE «>0.4 J5 PRI R B 76 =1 B35 FIK
B, RIS F AR AR T2 M) M, f H, B 281k
PORTE X 5 A 4 BCC MBI & A 5%, 1 Fig Ak ik
JE 10 A5 Ak AT U5 P F RRE AR (928 4k . Larsen 45 C07 H
ti% 77 {2 #38% (magnetic force microscope, MEFM) L% i#4
FERETE R AR i 4 FeCoNiAlLMn, (0.05<x<3.08)
A 4, 2 +=0.3 BF, 7E & 10b Ha] W8 2] — B/
FUR RT3 AL 55 1) 3 MR J00RE , 7E 4=0.9

F10.08 A &R &I, XA A7 7R3 = 1) il B ot
W R ZOIRBESE R, R Y 4 K S R R [ 52 7
WA RE I, B8 e [ 6 i) S g

TR BE Tl B AR 14 2 Je ot e b ek A 7 P 4R
TR NMBEH A —E I Re M B B L
BUBE B for Z5 8 X6 124 PERB A 225K . Song %580 H
WOCRY AR R Al F AR BT T — Fl R U1 - ) 27 25
A PEBERY CoursFexNiwSisAl g B4 4, Wk 10c
Jin oA M4 B LR AR ALK AR TE W
MRS — AT AR 2R R A 5 ) F R e EEERIA
7T B S P 0 1 8 U R o e B ) R kT R )
(4 J8 3 53 AT

P, 344 5 3 R 55 FeCoNiAl- g #4 #) i)
G564 R T A BoAT H ARG R Y = i G 40K
W, oA e M RE KR AR BT R TR A B S A
FKHAEE TS
2.3 EREBEREREIE

b ) 1 2 A AT AR A AR — LB ARURBE Y BB G
FLBR SR =y, 1 el i 7 90 VR AR I 0o 72 o
AR R 2L SR ZEHRAL, 500 g 24k R | B AR (1 gl S
FLAA A AR B Y B S ATE T2 5 & 4 0o i
WREARALR A AT B0 K PR A 58 4
IEAGTT = A ARG B be AN R AL P38 n] LA 2
AR 58 A AL BRI R RIS Bl B HOG DR R A
il 7 R LA B[R] R /N T SRR A AR OR, EE A
FEUBE 0, A48 2 EAT B ARG B R B p ek L

5l 10 FeCoNiAl-HEAs % BEWF 5T : (2) FeNiAICo,Cr,., = i G 4 14 Y0 R B Ak, 58 2 R 70t 7 Wi Ay v B2 (v=0~1) FU I T 25 A4 (10 1
300 K)y 421k, (b)MFM # I Al Al JT K 1953 41 8 75 18], (c1~¢2) CoyysFes sNijoSis Al s HEAs 1437 5 F 5% 1] 17 ] 1082
Fig.10 Study of magnetic properties of FeCoNiAl-HEAs: (a) saturation magnetization and coercivity as a function of cobalt
concentration (x=0 to 1) and processing conditions at 10 and 300 K in FeNiAlCo,Cr,, HEAs, (b) MFM magnetic map and elemental
map of Al, (¢)TEM bright field images of the Co;sFexsNi oSiz Al HEAsE



<218

FOUNDRY TECHNOLOGY

Vol.45 No.03
Mar. 2024

SR BE i A %8 B s B, FLAIR ™ A g L3 AT DL 32
BEMEHG AL RO AE B LB, LA R B0
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T B TR 6 A i1 FO8 B FL BRI, 1] 11a 43 501 2
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i (AN AN R B AN BN FLIR . 72 SLMif 45 Al-
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Bl 11c &R 1 i A BEHOG RE B 5 A 221k

— RNy, IRERBUE A SR X PR AL AR
FIE [ W 2 5 | kS Ay r 10 g 7 3 i (BT 7] 2 ) B4 4L
PoRE, 52 R 3R — M 45 T 2 SRR R A
FIE o I 32 A 3 RN 20 P R o B A A ) 2R A T
MO B B K R 8 R EE R 4R L G e
BT ] 2 RN By ) 2R 2 77 A s T RS R T
KE RGN, PR BE [ i 5 W B 26 RS I ik
PIF A RIE, WIFEE AL & 0385 24808 55
WA R, A 12al~ad4 FiRP), TZ2SH0
RS MRS 7 A B3 KR Luo A K TE
EAAEET , B ARBYA S 20 R BE 3 BUH SR
J2Z IR HNG B 455 A R W2 #E i S0 IE 1, 1
TEARERE LT, GRS ITTTER 5 ) 1 135 2
0,3 = o — BB R 58 ks Ak, ol 4 s & A
Ml F AR AN T G A n A SRR, R
WA AR R R TR B, BRI DLAh AR
S IE B 8 T 4 1 AT AR PR Wang ZFFHA
i AlCoCrCuFeNi 1 15 %4 SUHUSNE J& BT = A BE
B8 Cu a3 G YL AXBCC A5 FCC 53
EXESRE, Hid, SMAEMA (high-angle grain
boundary, HAGB) ™ % 5 & £ #4524 1 i 1 Wang
LR BIF 5 TR AT BT L, BIVAH 4B A A =2 Ta] G A 4

il FE AR, T KT R Y AE AE I ] 30 HAGB
(4 7R 2 B8 77 W AR T Al AR DR, R AR [ iz
R AN 1T KAW . KarlssonZg % H 85 i il
SLM il £ ¥y AlICoCrFeNi = i & 4 11 — 4 J5iL T HR 5f
(atom probe tomography, APT) %5 5 (& 12¢), #fE I 24
LR TE WG 2 Fr N 7 R0 D AT 9K 35 B FeCr A spin-
odal 73t 51 Y Cr AT 2, BT X i AL L1y 7
A4, Sun ZEPIEE T AlxCoCrFeNi 1 i & 4 31— F
I o S AT 4 ) 5 (71 45 R A e T 24 B
5, 10 12b B, 24 2=0.5 i}, 2l T Al fR#fr 1
Fefh B B BCC/B2 A, [k i) B2 AH By 1k % 22
JEE B IE B, A R TR A 42, HL B2/BCC UKL AT LA
A BN T, B AR A A i A 5 i, B & 0T DK
BRI A MNPLMUIR AS e 40k e 4R 2 . BRI & &
JILS3 EH LA 38 BT DASE 3 VS I 24 A R, LA /N
4 V1R T [ X ) B Ok [ T 448 5, b & TR T R AR
SR E R 2 . Wang %76 (CrMnFeCoNi)o(TiAl),
BaTIRIMT 2.5%Cr:C(J5F H 43 FO WUk, K 5 25
TR WS I ORI AT L e 1 AH 2 T | s N
7] DX ), AR AU R I A 300 1) 68 [ 5 24 4 $K (solidiifica-
tion cracking index, SCI); 73 &b % 25 i 28 7F & 5 Fl i
LB Ti 855 A R B R TiC ik (& 12d3), TiC Wi
BL A FHAS AR ARR 1 36 28 X33l ) 458 311X [1] &2 SCT {EL
(K 12d4), A7 BY TBERURIIAHSR AbRL 4 42, NI
12d1~d2 "] B B F H A CriC, 1 5 8870

g L RTIER, M FeCoNiAl & ki & 4 1)
FIEQ 5t B AR e 58 42k 56 Y JF HOORE Y ) 2 M e
SEMAAR A, L 28 5 | e 5 B 19 45 1) M L FE TS i L
BUHIG , T LA A 38 T2 FR LA 4 s A4~
1 B R A AT B 7= A T B, 810 A AR A L ik
DR DY B AT BN A Ad I 4 R [ IXC[R) AH DT
Bie o 55— 5 T, A n] R Ak 3 sk AR R AT B i R v
(3T ER - B

11 38R 3 #7720 AL BB < () A T A g 1 T AR AL BRI (b) 0 2R TP AR TR 1 SR AL BRI, () O 1B 1 5 2 X 8 IX
Otk A1CoCrFeNi,, F fil AF X 25 J3E [ 5 g 131, 41.85]
Fig.11 Pore defects generated during the additive manufacturing process: (a) different porosities with different input energies, (b) gas
porosity defects in the original powder, (c) effect of the laser energy density on the relative density of the SLMed AlCoCrFeNi,,

samplet

31,41,85]



CHIER A H03/2024

FNVDEE % . 184 50 FeCoNiAl EB & SHF R R +219-

P12 B e rh R BB 7 A TR < (al~ad) BE X O AL i % ALCoCrFeNi BIOEHLIA, (b) Bk AlysCoCrFeNi i Ff: 5% 4% i 71
JRERE , (c) FTEN A AICoCrFeNi & 419 APT &5 5 | (d1~d2) (CrMnFeCoNi)o(TiAl), F1(CrMnFeCoNi)sg( TiAl),+2.5%CryCo(JiL T4
BO A GRS 43 A e BE 1&] , (d3) TiC () TEM 5 faf 151 Fn 6 6 X 38437 51 1, (d4) (CrMnFeCoNi)og(TiAl), A 4 7 [ 4 21 433 1]
E"J SCI {E[Z‘),ﬂ,‘)l]
Fig.12 Causes of thermal cracks during printing: (al~a4) representative optical images of SLM-built Al,CoCrFeNi, (b) schematic of
residual stress minimization for the Al,sCoCrFeNi sample, (¢c) APT analysis of the as-printed AICoCrFeNi alloy, (d1-d2) OM images
showing the distribution of defects in the as-printed (CrMnFeCoNi)y(TiAl), and (CrMnFeCoNi)y(TiAl)+2.5%Cr;C,(atomic percent)
alloy samples, (d3) TEM micrographs and selected area diffraction patterns (SADPs) of TiC, (d4) SCI values of the (CrMnFeCoNi)s-
(TiAl), alloy over the full range of solid fractions™®"7*!)
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Y PERE TR FH B HIP T2 09 R 47 6 0 P 1 1k 4%
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GG A, R I > A A A 3R B AT DA AR 4 2
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B 13 #RAE TR X IO 20 2L 04 520« (a, d) DLF & DLF/HIP Aly; HEAs (9 SEM [#, (b, €) DLF % DLF/HIP Al,s HEAs i SEM &,
(¢, f) DLF & DLF/HIP Al,ss HEAs 1) SEM &
Fig.13 Effect of HIP on microstructure: (a, d) SEM images of DLF DLF/HIP Al,; HEAs, (b, ¢) SEM images of DLF DLF/HIP Al
HEAs, (c, f) SEM images of DLF DLF/HIP Alyss HEAsM™
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& 14 25 b 30T LA 9 5210 < (al~a10) A [ #4030 25T, AICoCrFeNi i #f 3 1 44 4 77 [0 818 19 BSE &1, o1 (al~a5) 43
SR PTRAS B 600, 800.,1 000 Al 1200 ‘CRIFAL 168 h IIH 4, (a6~al0)Je:(al~aS) 1) Fifif UK K& , (b1~b4) AlCoCuFeNi /& i
A a1t 900 Fi1 1000 “C#ib #S K F-# 1 (19 SEM &, (c1~c4) TUAE KA [F #u kb 21 45 4600 ,.800 .1 000 'C) F AlCoCrFeNi
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Fig.14 The effect of aging heat treatment on precipitates: (al~al0) BSE images of AICoCrFeNi specimens obtained at the
cross-section perpendicular to the build direction with various heat treatment conditions, showing the as-deposited and aged alloys
(600, 800, 1 000 and 1 200 ‘C for 168 h, respectively) in (al~a5) and the corresponding higher magnification images in (a6~al0),
(b1~b4) SEM images of horizontal cross-sections of the samples heat treated at 900 and 1 000 C, (c1~c4) SEM images of
as-deposited and heat treated (600, 800 and 1 000 C) AICoCrFeNi HEAs, (d1) SEM image showing dispersion of L1, particles and
L2, phase in aged Al,,Co,sCrFeNi, ;Tiy;, (d2) STEM BF image of oxide and dislocations in aged Al,,Co, ;CrFeNi, sTi /®7 7™
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