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Abstract: Laser additive manufactured high-entropy alloys (HEAs) have emerged as a class of structurally promising
materials owing to their intrinsic engineering potential and the formation of heterogeneous microstructures across multiple
length scales. Despite these advantages, the fatigue performance remains a major barrier to their reliable structural
application. In this review, recent progress in understanding the fatigue behavior of laser additive manufactured HEAs was
systematically assessed. Current findings indicate that the governing fatigue failure mechanism evolves from a
defect-dominated regime to a microstructure-mediated regime. At the early stage of fatigue damage, premature failure is
primarily controlled by the size, morphology, and interconnectivity of process-induced defects. Once cracks are initiated,
their subsequent growth is further modulated by microstructural features, including lattice rotation, deformation twinning,
the partitioning of high- and low-strain regions, and precipitate interfaces, all of which contribute to variations in crack
propagation kinetics. Cross-system comparisons further reveal that precipitation-strengthened HEAs generally exhibit
superior fatigue resistance, highlighting their particular promise for future alloy design. In light of the current limitations,
future research should move beyond isolated defect mitigation or microstructural optimization and instead integrate both
aspects into a unified framework for fatigue prediction and performance evaluation tailored to laser additive manufacturing.
Such an approach is expected to accelerate the engineering translation of HEAs and facilitate application-driven
demonstration and validation under service-relevant conditions.
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Fig.1 LAM process and typical structures: (a) schematic illustration of the interaction between the laser and powder during the LAM

process; (b) single-track melt pool and multi-track melt pool; (c) columnar grains; (d) dislocation cells or dislocation cellular structures %!

https://www. cnk1. net



Hh ] % Y

(HIER A H06/2026

BT, Z B ES A SRS THRRER <593

B R B 5 R 7K 0 B B2, AT % Marangoni Xf
it , A A P 0 ) B A% i 5 R A e 45
5t RT3 S 2 R die B &), Ak, -
SN B 35 TR PR 0 3R 43 Wb 3 ol 3R AR R R
MM 5% M Marangoni XJ 9178, H- e 208 H F 8k G E
IR 8 f 20 21 AR

M1 Ve R M BE R, Tt 25 4 B A BUE K00
— 7T, A Tt PN A AN 4 S G AT B T
P A RL R B 5 — 7 A B T AU
SEVE SV TE B A, TEAE A I T AR R X, M
ML 9% 57 M B0 4, 76 LAM & &b 2480%
W i R e R TEATE ARG G R st R
PR AT R A Bl 81
122 SRiES S 400

TE LAM R B2 ) T4 S P9 A7 A T 35 00 Ui
B (G) 45 [ - (R), i 7 308 5 VR #43 J 17) A1 4iE
AR TE AR o8 E R LUE S (E 1c), Y
G/R s By A A FHER dds e AR K, T Bl SR ik
VA B 186 00 R SO T T 8 5, D0 T 5 ik A AR R 1)
GRS . O R IR e B S e 2
SR A% BN R e (S R oy I S =T T R R e el
FEE M, Z 2 TURIE 0 &2 4% 38 D7 50 A8 i bz 42 0
B 308 %) B ) AR A A, O A R PN R I T AR B 1)
Az K 20 RCER I 25 4, 3 I AR T A A A 4
P — &R0 S0 — 2R 1 5 ROBE R ¥ A1 el 40, Horp
FCC 45§ HEAs "8 W <001> 5 ¥4 2 J7 1) (1) £ 4
EXI-'EUBSAS]O

FEAR A 5 R X 7 25 1 BE B R B B
KM — 7 T, AR B R SR A R U R
FE 7 ) )5 R I G A B A KRR AR S R TR — 3K
PERAT AR BV PR R AR TR 5 — 7 T FEIR R A
P2 FHORFR gy R PERE 2 R W LR AE
9 55 OGP AT A5 T X P 22 R S iE ik L ar g A
S RAT AP ORM, MR Al A
4 ER T 5 Im) 43 A B RE AL 8 R B AT S 5T ) 2
Wi 7, HL T fi8 AR 3 40 5 B S AN, DRI, dn ] 7
FER Ak 5 ARl 2 AT A S A, e
LAM il i HEAs ZH 21 ¥ i) 8 2258 7 1n] .
1.2.3  fuisdlst

LAM % J& 35 3 77 76 LA 55 IR SRR AE 14 0 &y
HEU(E 1d), HIE LS B i 3 A PR e, —
Ji T AL G W AN IR S K R IR T 2 B DT i R
A PR RN 25 5 Jmy T BB PR AR TE | 7R PR A -1 A
SUR L S AN =R R DA i S TR Ul Cl =R I T £ [ 30X A
G 2 R 0S5y — T, A6 s 4 A A T A UR T

https://www. cnk1. net

PR E [ B B, 3 8 B (L—8+y) 7= A 1 1 # F
HPAH ] ) fR A R C A Ik 2R 8022 S R BOR A
BRI UL 45 AR Y 3 AR AL i 7 A P ] A
P, Aol A7 % 0 445 A ) ek R 5 05 [T 2 0 i 22 1 A Y
HARHE,

MITAPERE A BESR R, 3 Tl 0 45 4l 5 37 i i
AT 5 i 5 BUEE AL ) 25 4 THBARE R B [ I R
23 (6] B 1] 55 43 A R AIE 38 23 52 ) S8 VAR Y 5 9% 97 1T
R o e T AN N E T A Dl L o 3l Y BRAG $2  J
Il 3 BB T PR R X A A g A7 468 % R DU A B T 4R A F
— B IBEO 7  M A H EBE T R IR AT L X TE S
S IR P R AR 3 i bl A FE 40 K B A 2 A
AT AZ 54 K TR 186 A 4t I 4% D B 22 AT AR
k5 Ak BTG 9 P [R] 25 74 (dislocation-precipitate skele-
ton, DPS)™, [A it , M7 45 F 11 O i 422 5 [l s #e 5 ) o
M) 17 P DG SR 240 00 RUBE FRLTT - PR SR AR AL TR 5 460 40 18 Ak
kA SCEAEH] o
1.3 GRPAYFAE R H R HLH

LAM s #2vh ) by 140 st A9 BB B2 PRkt 5 [ 3
RULNE RN 28 2 ZIA, Al - 4 2
JUBE B BE o 33X 2 5l o = ke U5 T4 s PN A F i 1 It
ATH . e AP S DL B R SIS 5800
SRt AR HZE A A 45 N R BB | R T AR 2
DL R BB AR, 7E HEAs 20K R, B2 4% 14 i
I3 o3 A 5 22 AR U AT ol B B ORIL ) BE N A2 2% [
U Sy R B 42 ) 5 M B UG Ak Al Ok B 1 AL 5 Bk
A0, Ny 22 VR RE A BE R, e B S 52 W 1 b 1) 3 4
JE MBI SEPE R OCHE R 22—

1.3.1  aRkEA

PN i b AL S FL B S R A A BB (lack of
fusion, LOF), — & 7 ¥ ML 5 8 A& FR1E I A7 4E B
8255 ARG R R T v N SR B BN E
R b 3 01247, 0 an £L (keyhole) Sm B A%
AR R ITCRIE I RS, HIBEH £ 2L kE
SREERIE | O ELAG ARG HT B P9 BE S R LR U O
e SR e AW E S, SRS
TR A2 5K 7 R R T R R R T 28 1Y
FRIRE IR S R ALBETH 52 ) ANV 5| A e sh g, 9t
(] ATV R AR 5 T LR FL AL BB BT, T AR I A i
Fea DU = 2y B o % A 2 A A SR IS S B B0k
KA TE M AT SR IE B /05 2 Z 25 G R ey,
2SI H AN KL R R BUR e 18 3 B R
JZ [] B 181 3 A5

HILAR A RE £ B2 2% &, PN A e g 2 o 5 2L S0
A F AR HIZ . LOF kB il T H AR B 1Y 38 FUE



+594. FOUNDRY TECHNOLOGY

Vol.47 No.06
Jun. 2026

Hh ] % Y

Pl 2 0 < (o) LAM i B 0 5 B0 B B A 8 () R FLIES 10 5 (o) WO 54 s 5 R 0 L2
fly % 759

Fig.2 Internal manufacturing defects: (a) lack-of-fusion defects formed during the LAM process and their post-processing route;

(b) keyhole formation process; (c) relationship between laser scanning strategy and different types of pores
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Fig.4 Cracks during the LAM process: (a) solidification cracking; (b) liquation cracking; (¢) strain-aging cracking'
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Fig.6 Microstructure and fatigue properties of the precipitation-strengthened SLM (FeCoNi)gAl Ti; HEAs: (a) dual nanoscale
precipitates; (b) normalized fatigue strength (stress range vs. ultimate tensile strength)!"”

1) 5 Ak 3

HAH FCC 2548 HEAs Y95 5 5 B AR X R AR AH AR
LRI, L-PBF #4519 CoCrFeNi &4 % 751 FR7F
150~494 MPa Z [H 3l , WL T T2 S50 5 A2
AR (B 7). Chen S5V A Y% 57 58 8 170 MPa,
Huang %57 45 5 2924 150 MPa, Kuzminova 451!
145 38 414 MPa(A 1B K AL T.) Al 494 MPa(iK
KU T2 o 3 Fh AR 22 P40 0 1 i 25 S5 PRV EDIE 1 1
REHI X A FCC 458 HEAs 9% 75 1 B8 1) Y e 1

1S4
AU

J.

AR A HEAs (995 55 P REF 97 32 W L AE i i 25
Ty R 5 o FeuoMnyCoyCrysSis TE & B BE 11
FTENZS N B R H 325 MPa 16 9% 95 # FR (R=-1 , #
B E R=0.1 Z°4 450 MPa), I3 — 1L % 55 58 & oo, ~
0.65, 3% 15 T Z R b il 15 & 4 o MR 55 B 53 B
FEW] U AR HEBE W=0.7x10® J/m? Ho 8 47 i i

F G 4 e SRR 2, T BBURR ] Fu=5.5% 10 J/m?
PRAIG , 22 ft EDE T %6 B 5 10 5 B 25 20k P S5 1Y
i B 28 2% B [T TRIP A TWIP 2508 76 L Bt B
L= A I S B R 2 R y—e AHAS AR B, AHAR

[% 7 LAM CoCrFeNi HEAs 1 S-N i £k, HoJ% 55t BR7E 150~494 MPa Z[8]3% 5 : () % 55 58 B Ay 170 MP;(b) 9 55 58 FE 24 2y
150 MPa;(c) A [Al # 4k 11 4% 1 AialRE R I HLIN TARZS T 1 S-V il £ horen
Fig.7 S-N curves of the LAM CoCrFeNi HEAs, which exhibit fatigue strengths ranging from 150 to 494 MPa: (a) fatigue strength was
reported to be 170 MPa; (b) fatigue strength was reported to be~150 MPa; (c) variations in heat treatment conditions and surface
machining states led to significantly different S-/V responses!!*’*""
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Fig.8 Fatigue properties of the CoCrFeMnNi HEASs: (a) stress-strain curves; (b) S-/V curves; (¢) maximum stress/ultimate tensile
strength vs. yield strength®
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Fig.9 Crack initiation induced by surface and subsurface defects: (a) subsurface spherical pore defects in LAM HEAs; (b) fatigue crack
initiation induced by LOF defects!™"™
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Fig.11 CoCrFeMnNi HEAs crack propagation mechanism: (a) fatigue crack propagation path and EBSD analysis of the
PBF-LB-fabricated CoCrFeMnNi HEAs; (b) deformation twinning and lattice rotation at the crack tip, together with a schematic

illustration of the corresponding mechanism!
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Fig.12 Crack propagation mechanism of (FeCoNi)gAl; Ti; HEAs fabricated by LAM: (a, b) scanning transmission electron microscopy
(STEM) images of the LAM-fabricated (FeCoNi)gAl;Ti; HEAs before and after the in situ TEM tension-tension test; (c) serrated slip
paths formed because of the obstruction of precipitates!'”

https://www. cnk1. net



Hh ] % Y

(HIER A H06/2026

BT, Z B ES A SRS THRRER 603 -

7 3% T VR i (USRP) S — Ff 7 2% 3% 1 5if Ak £
AR, T8 B R R S TR e R R E ST A
B3IV IR JbE B 4 K 254 . Chen 45
Xf L-PBF il & ) CoCrNi " & 4 #E47 USRP 4b #
J& , FEZY 300 wm S BN R T E A oK AR S A
o 2 2 G 1) o J3E 45 ), 1 R 3R B2 Fh 695.6 MPa 41
75 2 887.7 MPa(#R T 28%) , F-4 107 J& 3% 55 L bR
i 350 MPa #£ T+ & 480 MPa($#2 T 37%)., ¥ 77 1 fE
PET& VR T W ALE] . OB 45 F4 R A% 2 i A
i B I 2% figk f B 17 77 4R v L S0 A R S
FEIRFJZ (Y 540 wm), I T ZEZ i 4 ; @B 2 5
SARNI Y S 2 22 A S UM LA B, 7o
HDI &AL 00, 7 755 W 1 8 (40 660 MPa) T il 1 75 i
AW JR FRAE PR EB A ARTE  BL AN, 9K 2R A AR PR Aot
PR R B fe AR e v, R WL AL A B T o7
PERE P EL T

A TR (HIP) Ak 2 8 Bk A 4 vh Bl E 52 7 AT 4%
PETHRA R 55 PERE , AT B AR % R T LAM il 1%
HEAs 3% 55 MERE Y JE SepoE 0, it A BEs A Kb 3 |
FMAL M F MR E AR, 479K 7 e
& 5851 A A M Y H = AR,

4 BHEERE

4.1 B4

(DLAM il i HEAs M9 5517 2 T A3 52 |
5 RO 20 BURRIE 5 OB SR SRl AE A 25 5, Pkt
&E [ N 2238 2 2 A SRR RDE U i . AR
R INR G S I VA VR T v 8 (WS &
KAt AH A 22 ROBEZHURRAE X 2820 20T 3 o 4
S AY r R AL RIDT 5 AR SRR B (H A 25 5]
BRI B 3 2 AN 5T 5 TR FLB R A ik
B . RS B 3 TRDRDRE 04 55 U AT AN o2 482 DX Ja 25 1
JSUNE 3 v IR % 57 RS A LA R,
LAM il & HEAs H99% 57 25 RO Re faf S I T 5 —
BB e — R R, N T2 — 2 — B —
I 55 A AS G OC FR AT BRAR

(2)LAM il & HEAs 9% 95 2 ZAL i B A7 i
B 3 5 ) 2 SR 5 e AR B R AIE . TSR AT A R0
PR, 9% 57 F5 i 2 B2 FLIE ORI A B BG FI R IR
AFEH,S-V 258 5 R BB oM Y T
A BN T IS A B AR Ak R R AR 2 TR
B BE PG AR AL BR O 92 M 5R AR N T IS 5 B X 9% 57
ZLE0H A 1 F2 A RS , AR L R M A R
B HERH ST | 2 R 8 A S T 2 2R R B g
AL BT R B AR RN R S R S e A

https://www. cnk1. net

T B AR A, UM T AR T O AN BE T B A1 R
A B B AR S PE RN ) St (HURT I 55 A0 7R
Bea XoF 90 55 P e Ay B T o0 DA 3 e [ 2 1l 1 200 o L
D28 sk R P FNTT 1 R b S AR AR U 3445 LA
B, MR 4> LAM il & HEAs (995 97 P G 12
L AR G Tl R

(3)AIA LAM il HEAs /& & [ PEfE 22 5 B 3,
Br 5 AL 5 HEAs 52 30 H A5 e 19 9% 95 P fE K
-, HA FCC %54 HEAs % 57 M B8 B2 4R 46 X 42 A%
(150~494 MPa), {H 38 1oF J5 A7 48 Ak 1y i Ak Bk B 25 2
PEBETTH (U W Fa 2 HEAs), 1 &2 B 18 5 /9 9% 57 1
fit . 1M SLM (FeCoNi)gAl,Ti, 4 780 ‘Cil Kk I e K I
55 W J1 %) 722 MPa, HAR 9% 55 PERE IR T L1, 5 L2,
MU AR B B ) 5 Ak . L2, A A i 1 O B AL s 4
LY R AR 2 40% , 17 L1, AH 03 i 55 5] 5
A i 18 B AR
42 B2

il B 42 1 5 20 2L 4R R R R BE5E LAM il 1
HEAs % 95 PERE A2 O AT 55 1 ] Bl A% AT Sk A
(R 57 1 e Iz R T R B 7K T 1 o A1 5 1 I A 0
SMMA NG —, — 5 E SO T E S8
WA T S AL MR, SE I R 5 4
A RAEE 53—, B GEALA I HT AR S AR
A SE O SUROT i — R R o R s b 5 4L
AR PR AR , PR S A A B Tk SR T
R i [ 25 201 5 AR I 57 i B[R] s, 1 ARURK #f 2
B X 38 18 T 3 R I 1) 98 5 A R T AR AL 5 A
R ZEA A, T U T 28—l B — TOUE 45+ — 3 55
7 B TR AR Y AR I B R AT X HEASs P 5 ) 25
BERE, FREy RN IR o i T AR A5 R i b
H g Sy BRI IR AR O DL TR AL IR 7% 75 oK
1) B2 5 | SR A5

S Ok -

(1] 5 Fefa. 38 b i & B R — PR 5 Rk [J]. I LBE T2, 2020,
31(1): 19-23.

LU B H. Additive manufacturing technology: Current status and
future[J]. China Mechanical Engineering, 2020, 31(1): 19-23.

[2] RaE, B TR, P 4 JE A 1 i OB A (D], P E R
5 BFF#,2015,45(9): 1111-1126.

LIN X, HUANG W D. Laser additive manufacturing of high-per-
formance metallic components [J]. Scientia Sinica Informations,
2015, 45(9): 1111-1126.

[3]  Z=Ucsds BUGERR /K RS AE 5k 26 0 35 BT R, 9 SR,
OB 3 92 IR A A — R AL e [T BB TR 24 4l L2013,
49(6): 129-35.

LIDC,HEJK, TIAN X Y, LIU Y X, ZHANG A F, LIAN Q, JIN



- 604 -

FOUNDRY TECHNOLOGY

Vol.47 No.06
Jun. 2026

(4]

(3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

H [

Z M, LU B H. Additive manufacturing: Integrated manufacturing
of macro- and microstructures[J]. Journal of Mechanical Engineer-
ing, 2013, 49(6): 129-135.

JO A A B ETARE  WRUE T, T I W T R S T R s TR BE R A
B RO B G D], T E#O' 2020, 47(5): 32-55.

GU D D, ZHANG HM, CHEN H'Y, ZHANG H, XI L X. Laser ad-
ditive manufacturing of high-performance metallic components for
aerospace applications[J]. Chinese Journal of Lasers, 2020, 47(5):
32-55.

CANTOR B, CHANG L, KNIGHT P, VINCENT A J B. Microstruc-
tural development in equiatomic multicomponent alloys[J]. Materi-
als Science and Engineering: A, 2004, 375: 213-218.
YEHJW,CHEN SK,LINSJ, GANJY,CHINTS, SHUNT T,
TSAU C H, CHANG S Y. Nanostructured high-entropy alloys with
multiple principal elements: novel alloy design concepts and out-
comes[J]. Advanced Engineering Materials, 2004, 6(5): 299-303.
FART SEE 0. BB BT SR AL AL B S AR S A
U BT AT R B3 PR REAIE AT R R ], B B R 2025, 46(8):
774-88.

WANG S Y, WU Y S, HE F. Review of the heterogeneous mi-
crostructures, precipitation behavior and mechanical properties of
additively manufactured precipitation-strengthened high-entropy
alloys[J]. Foundry Technology, 2025, 46(8): 774-788.

LIU H, YU H, GUO C, CHEN X, ZHONG S, ZHOU L, OSMAN
A, LU J. Review on fatigue of additive manufactured metallic al-
loys: Microstructure, performance, enhancement, and assessment
methods[J]. Advanced Materials, 2024, 36(17): €2306570.

KIM Y K, BAEK M S, YANG S, LEE K A. In-situ formed oxide
enables extraordinary high-cycle fatigue resistance in additively
manufactured CoCrFeMnNi high-entropy alloy[J]. Additive Manu-
facturing, 2021, 38: 101832.

KUZMINOVA Y O, FIRSOV D G, DAGESYAN S A, KONEV S
D, SERGEEV S N, ZHILYAEV A P, KAWASAKI M, AKHA-
TOV IS, EVLASHIN S A. Fatigue behavior of additive manufac-
tured CrFeCoNi medium-entropy alloy [J]. Journal of Alloys and
Compounds, 2021, 863: 158609.

XULJIAY,WUS, MUY, JIAY, WANG G. Low cycle fatigue prop-
erties of refractory high-entropy HfNbTiZr alloy[J]. Intermetallics,
2023, 152: 107751.

FAN X J, QU R T, ZHANG Z F. Remarkably high fracture tough-
ness of HfNbTaTiZr refractory high-entropy alloy [J]. Journal of
Materials Science & Technology, 2022, 123: 70-77.

XUL, CHEN H, JIAY F, WANG D P, WU S W, JIA Y D, WANG
G, GUO Z X, XU Y. Revealing effects of creep damage on high-tem-
perature fatigue behavior for HfNbTiZr refractory high-entropy
alloys: Experimental investigation and crystal-plasticity modelling
[J]. Journal of Materials Science & Technology, 2025, 231: 134-
150.

AGRAWALP,HARIDASR S, THAPLIYALS, YADAV S,MISHRA
R S, MCWILLIAMS B A, CHO K C. Metastable high entropy al-
loys: An excellent defect tolerant material for additive manufactur-
ing[J]. Materials Science and Engineering: A, 2021, 826: 142005.
BAJAJ D, FENG A H, QU S J, LI D Y, CHEN D L. Deformation

mechanisms of an additively manufactured high-entropy alloy

https://www. cnk1. net

under cyclic loading[J]. Journal of Materials Science & Technolo-
gy, 2026, 262: 24-39.

[16] LIZ, CUI'Y N, YAN W T, ZHANG D, FANG Y, CHEN Y J, YU

Q, WANG G, OUYANG H, FAN C, GUO Q, XIONG D B, JIN S
B, SHA G, GHONIEM N, ZHANG Z, WANG Y M. Enhanced
strengthening and hardening via self-stabilized dislocation network
in additively manufactured metals[J]. Materials Today, 2021, 50:
79-88.

[17] XUL,JIAY P, WANG ZH, WU S W, JIAY F, GENG C, PENG J

C, TAN X, WANG G. Dual precipitate simultaneous enhancement
of tensile and fatigue strength in (FeCoNi)gAl;Ti; high-entropy al-
loy fabricated using selective laser melting[J]. Journal of Materials
Science & Technology, 2023, 148: 90-104.

[18] HERZOG D, SEYDA V, WYCISK E, EMMELMANN C. Additive

[19]

[20]

[21]

manufacturing of metals[J]. Acta Materialia, 2016, 117: 371-392.
MOGHADDAM A O, SHABUROVA N A, SAMODUROVA M
N, ABDOLLAHZADEH A, TROFIMOV E A. Additive manufac-
turing of high entropy alloys: A practical review[J]. Journal of Ma-
terials Science & Technology, 2021, 77: 131-162.

JAVIDRAD H, KOC B, BAYRAKTAR H, SIMSEK U, GUNAY-
DIN K. Fatigue performance of metal additive manufacturing: A
comprehensive overview[J]. Virtual and Physical Prototyping, 2024,
19(1): €2302556.

ABDULLAH M R, PENG Z. Review and perspective on additive
manufacturing of refractory high entropy alloys[J]. Materials Today
Advances, 2024, 22: 100497.

[22] QIUJH,LUT W, YAON, CHEN XY, LIK S, SUN B H, CHEN

Y F,ZHANG X C, TU S T. New insights into fatigue anisotropy of
an additively manufactured medium-entropy alloy: From the per-
spectives of crack initiation and crack propagation[J]. Virtual and

Physical Prototyping , 2024, 19(1): ¢2411025.

[23] MUY K, HELH, DENG SH,JIAY F,JIAY D, WANG G, ZHAI

(24]

Q J, LIAW P K, LIU C T. A high-entropy alloy with disloca-
tion-precipitate skeleton for ultrastrength and ductility [J]. Acta
Materialia, 2022, 232: 117975.

KURNSTEINER P, WILMS M B, WEISHEIT A, GAULT B,
JAGLE E A, RAABE D. High-strength damascus steel by additive
manufacturing[J]. Nature, 2020, 582(7813): 515-519.

[25] GU D, SHI X, POPRAWE R, BOURELL D L, SETCHI R, ZHU J.

[26]

[27]

Material-structure-performance additive
manufacturing[J]. Science, 2021, 372(6545): eabg1487.
ZHU J, XU M M, CHENG Y X, WU S, MAO Y X, HUI X D,

ZHENG H Y. Achieving strength-plasticity breakthrough of

integrated laser-metal

rare-earth free Mg alloy with multi-scale framework fabricated via
laser-cold metal transfer hybrid additive manufacturing[J]. Journal
of Materials Processing Technology , 2025, 343: 119002.

LIU C X, XIE L C, ZHANG L C, WANG L Q. Cellular structure
mediated dislocation regulation in additively manufactured refrac-
tory high entropy alloy[J]. Materials Research Letters, 2024, 12(6):
425-432.

[28] LIZ,ZHAO P C,LUT W, FENG K, TONG Y G, SUN B H, YAO

N, XIE'Y, HAN B L, ZHANG X C, TU S T. Effects of post anneal-
ing on the microstructure, precipitation behavior, and mechanical

property of a (CoCrNi)wAlTi; medium-entropy alloy fabricated by



(HIER A H06/2026

i F ¥, & M EMEER R e SRS ITAMRER

<605 -

H [

laser powder bed fusion[J]. Journal of Materials Science & Tech-
nology, 2023, 135: 142-55.

[29] KARLSSON D, MARSHAL A, JOHANSSON F, SCHUISKY M,
SAHLBERG M, SCHNEIDER J M, JANSSON U. Elemental seg-
regation in an AlCoCrFeNi high-entropy alloy-A comparison
between selective laser melting and induction melting[J]. Journal
of Alloys and Compounds, 2019, 784: 195-203.

[30] HUANGFU B, LIU Y, LIU X, WU X, BAI H. Anisotropy of addi-
tively manufactured metallic materials[J]. Materials, 2024, 17(15):
3653.

[31] MALEKI E, BAGHERIFARD S, BANDINI M, BANDINI M,
GUAGLIANO M. Surface post-treatments for metal add3litive
manufacturing: Progress, challenges, and opportunities[J]. Addi-
tive Manufacturing, 2021, 37: 101619.

[32] PANWISAWAS C, TANG Y T, REED R C. Metal 3D printing as a
disruptive technology for superalloys[J]. Nature Communications,
2020, 11(1): 2327.

[33] ZHU X, JIANG F, GUO C, WANG Z, DONG T, LI H. Prediction
of melt pool shape in additive manufacturing based on machine
learning methods[J]. Optics & Laser Technology, 2023, 159: 108964.

[34] WANG J, ZHU R, LIU Y, ZHANG L. Understanding melt pool
characteristics in laser powder bed fusion: An overview of single-
and multi-track melt pools for process optimization[J]. Advanced
Powder Materials, 2023, 2(4): 100137.

[35] JJIPC, WANG Z H, MU Y K, JIA Y D, WANG G. Microstruc-
tural evolution of (FeCoNi)ssuAl;(Tizg high-entropy alloy fabri-
cated by an optimized selective laser melting process[J]. Materials &
Design, 2022, 224: 111326.

[36] LIANGJ, XIE X C,MU Y K, YANG P, WU Z B, JIA'Y D, WANG
G. Metastable core-shell precipitation strengthened high-entropy
alloys fabricated by direct energy deposition with multi-stage
terrace-like slip wave toughening[J]. Journal of Materials Science
& Technology, 2025, 210: 40-57.

[37] WUY W, ZHAO XY, CHEN Q, YANG C,JIANGMG, LIUCY,
JIAZ, CHEN Z W, YANG T, LIU Z Y. Strengthening and fracture
mechanisms of a precipitation hardening high-entropy alloy fabri-
cated by selective laser melting[J]. Virtual and Physical Prototyp-
ing, 2022, 17(3): 451-467.

[38] LIU L X, PAN J, ZHANG C, XU J Y, GUO R, LIU L. Achieving
high strength and ductility in a 3D-printed high entropy alloy by
cooperative planar slipping and stacking fault[J]. Materials Science
and Engineering: A, 2022, 843: 143106.

[39] SIAO Y H, WEN C D. Examination of molten pool with Marango-
ni flow and evaporation effect by simulation and experiment in
selective laser melting [J]. International Communications in Heat
and Mass Transfer, 2021, 125: 105325.

[40] CHIA H'Y, ZHANG Y, WANG L, YAN W. Unveiling gas-liquid
metal reactions in metal additive manufacturing: High-fidelity
modeling validated with experiments [J]. Acta Materialia, 2024,
275:120029.

[41] SURYAWANSHI J, PRASHANTH K G, RAMAMURTY U. Me-
chanical behavior of selective laser melted 316L stainless steel[J].
Materials Science and Engineering: A , 2017, 696: 113-121.

[42] SURYAWANSHI J, PRASHANTH K G, SCUDINO S, ECKERT

https://www. cnk1. net

J, PRAKASH O, RAMAMURTY U. Simultaneous enhancements
of strength and toughness in an Al-12Si alloy synthesized using se-
lective laser melting[J]. Acta Materialia, 2016, 115: 285-294.

[43] ZHAO C, WANG Z, LI D X, KOLLO L, LUO Z Q, ZHANG W W,
PRASHANTH K G. Selective laser melting of Cu-Ni-Sn: A com-
prehensive study on the microstructure, mechanical properties, and
deformation behavior[J]. International Journal of Plasticity, 2021,
138: 102926.

[44] WANG J, FU A, LIU B, CHEN Y X, CAO Y K, ZHOU H, WANG
BF,LIXF, LIJ, FANG Q H, LIU Y. Weakening the mechanical
property anisotropy of additively manufactured medium entropy
alloy by controlling the cellular structure[J]. Additive Manufactur-
ing, 2024, 89: 104303.

[45] WUS W,CHIAHY,ZHANGTL,JIAY F, MU Y K, ZHANG Q,
LEK Y Z, HU D J, FAN L, YAN W T. A precipitation strength-
ened high entropy alloy with high (Al+Ti) content for laser powder
bed fusion: Synergizing in trinsic hot cracking resistance and ultra-
high strength[J]. Acta Materialia, 2023, 258: 119193.

[46] CUIL Q, DENG D Y, JIANG S, PENGR L, XIN T Z, ZHANG H
H, HEGEDUS Z, LIENERT U, HE W F, MOVERARE J.
New insights into the anisotropic ductility of additively manufac-
tured Inconel 718[J]. International Journal of Plasticity, 2023, 169:
103738.

[47] BAIY J, YANGC, LIU Z S, JIANG Q Y, WANG Y J, ZHANG K,
LIUY Z, L1 Y D, WEI B C. Mechanical anisotropy in additively
manufactured laminated high-entropy alloys: The role of interface
geometry [J]. Journal of Materials Science & Technology, 2025,
210: 72-85.

[48] CHEN H X, LANG L Z, SHANG X, DASH S S, HE Y X, KING G,
ZOU Y. Anisotropic co-deformation behavior of nanolamellar
structures in additively manufactured eutectic high entropy alloys
[J]. Acta Materialia, 2024, 271: 119885.

[49] CHEN XY, LU T W, YAO N, CHEN H Y, SUN B H, XIE Y,
CHEN Y F, WAN B B, ZHANG X C, TU S T. Enhanced fatigue
resistance and fatigue-induced substructures in an additively manu-
factured CoCrNi medium-entropy alloy treated by ultrasonic sur-
face rolling process [J]. International Journal of Plasticity, 2023,
169: 103721.

[50] LIULF, DING Q Q, ZHONG Y, ZOU J, WU J,CHIU Y L, LI J X,
ZHANG Z, YU Q, SHEN Z J. Dislocation network in additive
manufactured steel breaks strength-ductility trade-off [J]. Materials
Today, 2018, 21(4): 354-361.

[51] GAOL, CHEN 'Y, ZHANG X, AGNEW S R, CHUANG A C, SUN
T. Evolution of dislocations during the rapid solidification in addi-
tive manufacturing[J]. Nature Communications, 2025, 16(1): 4696.

[52] BRENNAN M C, KEIST J S, PALMER T A. Defects in metal
additive manufacturing processes [J]. Journal of Materials Engi-
neering and Performance, 2021, 30(7): 4808-4818.

[53] ABIODUN KAREEM S, FAVOR OLANREWAJU O, UCHENNA
ANAELE J, IREOLUWA OGEDENGBE I, JOHN ERINLE T,
AZEEZ OLAYIWOLA M, CHINO CHINEDU C, RANTI OKE S,
OLUWATOSIN BODUNRIN M, MALEDI N. Additive manufac-
turing of high entropy alloys via selective laser melting: a nascent

review on defects mitigation, microstructural evolution, mechani-



<606 -

FOUNDRY TECHNOLOGY

Vol.47 No.06
Jun. 2026

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

H [

cal and other functional properties[J]. The International Journal of
Advanced Manufacturing Technology, 2026, 142(5): 2051-2100.
MOJUMDER S, GAN Z, L1 Y, AL AMIN A, LIU W K. Linking
process parameters with lack-of-fusion porosity for laser powder
bed fusion metal additive manufacturing[J]. Additive Manufactur-
ing, 2023, 68: 103500.

HUANG Y, FLEMING T G, CLARK S J, MARUSSI S, FEZZAA
K, THIYAGALINGAM J, LEUNG C L A, LEE P D. Keyhole fluc-
tuation and pore formation mechanisms during laser powder bed
fusion additive manufacturing[J]. Nature Communications, 2022,
13(1): 1170.

BUSTILLOS J, KIM J, MORIDI A. Exploiting lack of fusion de-
fects for microstructural engineering in additive manufacturing[J].
Additive Manufacturing, 2021, 48: 102399.

WANG L, ZHANG Y M, CHIA HY, YAN W T. Mechanism of
keyhole pore formation in metal additive manufacturing [J]. npj
Computational Materials, 2022, 8(1): 22.

LI Z, GUT A, BURDA I, MICHEL S, GWERDER D, SCHUTZ P,
ROMANCUK D, AFFOLTER C. Investigation of individual
lack-of-fusion defects in the fatigue performance of laser-powder
bed fusion Ti6Al4V alloys: A finite element analysis[J]. Theo-
retical and Applied Fracture Mechanics, 2024, 134: 104735.
TANG W Q,LUO Z X, LID Y, PENG Y H. Predicting fatigue fail-
ure induced by lack-of-fusion defects in additive manufacturing: A
synergistic multiscale simulation-deep learning framework[J]. Ad-
ditive Manufacturing, 2026, 115: 105047.

GOCKEL J, SHERIDAN L, KOERPER B, WHIP B. The influence
of additive manufacturing processing parameters on surface rough-
ness and fatigue life[J]. International Journal of Fatigue, 2019, 124:
380-388.

WU CY, LUM C, YANG W C,CHI N C. Experimental study of
balling defect generation and audible sound analysis in directed
energy deposition metal additive manufacturing[J]. The Interna-
tional Journal of Advanced Manufacturing Technology, 2024, 134
(1-2): 205-221.

ZOLLER C, ADAMS N A, ADAMI S. Numerical investigation of
balling defects in laser-based powder bed fusion of metals with In-
conel 718[J]. Additive Manufacturing, 2023, 73: 103658.

FAN A Q,LUOHJ, LIAOJ F, DU Y L. Influence of zinc evapora-
tion-driven spattering on defect formation and mechanical proper-
ties in laser powder bed fusion of AA7075 aluminum alloy [J].
Journal of Materials Research and Technology, 2026, 41: 2335-
2348.

ZHANG Y M, WU S W, GUO Z X, PENG G C, WANG L, YAN
W T. Defects caused by powder spattering and entrainment in laser
powder bed fusion process: High-fidelity modeling of gas, melt
pool and powder dynamics[J]. Acta Materialia, 2025, 288: 120816.
OSORIO N O, SANDOVAL-RODRIGUEZ C. Evaluation of 316L
deposition parameters for the reducing stair-case effect of laminat-
ed parts by coaxial laser powder deposition[J]. Periodicals of Engi-
neering and Natural Sciences, 2025, 13(4): 1009-1022.

LY S, RUBENCHIK A M, KHAIRALLAH S A, GUSS G,
MATTHEWS M J. Metal vapor micro-jet controls material redis-

tribution in laser powder bed fusion additive manufacturing [J].

https://www. cnk1. net

[67]

[68]

Scientific Reports, 2017, 7(1): 4085.

KUNTOCLU M, SALUR E, CANLI E, ASLAN A, GUPTA M K,
WAQAR S, KROLCZYK G M, XU J. A state of the art on surface
morphology of selective laser-melted metallic alloys[J]. The Inter-
national Journal of Advanced Manufacturing Technology, 2023,
127(3-4): 1103-1142.

DELRIO F W, KHAN R M, HEIDEN M J, KOTULA P G, REN-
NER P A, KARASZ E K, MELIA M A. Porosity, roughness, and
passive film morphology influence the corrosion behavior of 316L
stainless steel manufactured by laser powder bed fusion[J]. Journal
of Manufacturing Processes, 2023, 102: 654-662.

[69] LINT X, LICY,ZHOU HK, CHEN R, L1Y, CUI C, ZHANG L

[70]

Z,LIMY, WANG Z Z, XU W W. A review on cracking in laser
additive manufacturing of nickel-based superalloys: Types, forma-
tion mechanisms, and suppression strategies[J]. Rare Metals, 2026,
45(4): €70180.

ZHOU Z P, HUANG L, SHANG Y J, LI Y P, JIANG L, LEI Q.
Causes analysis on cracks in nickel-based single crystal superalloy
fabricated by laser powder deposition additive manufacturing [J].
Materials & Design, 2018, 160: 1238-1249.

[71] OZER S, DOGU M N, OZDEMIREL C, BILGIN G M, GUNES M,

[72]

[73]

DAVUT K, GU H, BRABAZON D. Effect of aging treatment on
the microstructure, cracking type and crystallographic texture of
IN939 fabricated by powder bed fusion-laser beam[J]. Journal of
Materials Research and Technology, 2024, 33: 574-588.

CHEN Y H, ZHANG D Y, O’TOOLE P, QIU D, SEIBOLD M,
SCHRICKER K, BERGMANN J P, RACK A, EASTON M. In situ
observation and reduction of hot-cracks in laser additive manufac-
turing[J]. Communications Materials, 2024, 5(1): 84.
MURAKAMI Y, MASUO H, TANAKA Y, NAKATANI M. De-
fect analysis for additively manufactured materials in fatigue from
the viewpoint of quality control and statistics of extremes [J].

Procedia Structural Integrity, 2019, 19: 113-122.

[74] QU Z, ZHANG Z J, LIUR, XU L, ZHANG Y N, LI X T, ZHAO Z

K, DUAN Q Q, WANG S G, LIS J, MA Y J, SHAO X H, YANG
R, ECKERT J, RITCHIE R O, ZHANG Z F. High fatigue resis-
tance in a titanium alloy via near-void-free 3D printing[J]. Nature,
2024, 626(8001): 999-1004.

[75] DUJH, YANGXF,ZHUTY,LUT W, YAON, CHEN Y F, LI

[76]

KS,CHEN XY,MA GS,SUNBH,ZHANG X C, TUS T. A
universal high-cycle fatigue life prediction of additive manufactur-
ing medium-entropy alloys via machine learning and nondestruc-
tive tests[J]. International Journal of Fatigue, 2026, 204: 109360.
CHEN Y N, LI B, CHEN B, XUAN F Z. High-cycle fatigue in-
duced twinning in CoCrFeNi high-entropy alloy processed by laser
powder bed fusion additive manufacturing[J]. Additive Manufac-
turing, 2023, 61: 103319.

[77] HUANG G Q, LI B, CHEN Y N, XUAN F Z. Nanotwining induced

by tensile fatigue and dynamic impact of laser powder bed fusion
additively manufactured CoCrFeNi high-entropy alloy[J]. Journal
of Materials Science & Technology, 2024, 183: 241-257.

[78] LIUZW, TANZ, HED Y, XUE Y F, SHAO W, ZHOU Z, YAO H

H, CHEN L J, YANG Y, SHAO Y K, CUI L. High-cycle fatigue



(HIER A H06/2026

BT, Z B ES A SRS THRRER 607 -

behaviors of Al-Cr-Fe-Ni-V high-entropy alloy prepared by laser
powder bed fusion: Roles of dislocation cell substructure and
multi-precipitates [J]. Journal of Materials Science & Technology,
2026, 253: 25-38.

[79] LAVENSTEIN S, GU Y J, MADISETTI D, EL-AWADY J A. The

heterogeneity of persistent slip band nucleation and evolution in
metals at the micrometer scale[J]. Science, 2020, 370 (6513):
eabb2690.

[80] SHUAI Q, JIANG Q, LIU F L, LI L, HE C, ZHANG H, WANG C,

Hh ] % Y

LIU Y J, CHEN Y, WEANF Q Y. Effect of heat treatment on the

https://www. cnk1. net

high cycle fatigue behavior of CoCrNi medium-entropy alloy [J].
International Journal of Structural Integrity, 2025, 16(6): 1374-
1388.

[81] KIMY K, HAM G S, KIM H S, LEE K A. High-cycle fatigue and

tensile deformation behaviors of coarse-grained equiatomic CoCr-
FeMnNi high entropy alloy and unexpected hardening behavior
during cyclic loading[J]. Intermetallics, 2019, 111: 10648

(DT - 2 )



