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Effect of Cellular Structure on the Deformation Behavior of
Medium/high—-entropy Alloys Fabricated by Laser Powder Bed Fusion

TANG Weizhe, LU Jianlin, WANG Songyu, HE Feng
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract. Laser powder bed fusion (LPBF) technology provides a novel processing route for the design and preparation of
medium/high-entropy alloys (M/HEAs). The unique rapid solidification and repeated thermal cycling characteristics of
LPBF endow the metallic material with a cellular structure featuring both elemental segregation and high-density
dislocations. This cellular structure influences the deformation behavior of the metallic material and ultimately affects its
mechanical properties, making tailoring the performance of additively manufactured materials key. Compared with
conventionally processed M/HEAs, the cellular structure of LPBF affects dislocation behavior and can trigger additional
deformation mechanisms, resulting in high strength-ductility synergy. Therefore, systematically reviewing the influence
mechanism of the LPBF cellular structure on deformation behavior is highly important for improving the performance
control theories of additively manufactured metallic materials and promoting their engineering applications.
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Fig.1 Ashby plot comparing the mechanical properties of various materials: (a) strength versus ductility; (b) strength versus fracture
toughness!"*!
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Fig.2 Dislocation structures in various FCC medium/high-entropy alloys: (a) planar slip of 1/2<110> dislocations on {111} slip
planes under small strain in CoCrFeMnNi alloy; (b) intersecting 1/2<110> dislocations on double {111} slip planes in
(CoCrNi),;ALTi,Nb alloy; (c) observed dislocation extension in CoCrNi alloy; (d) formation of a Lomer-Cottrell lock by extended

dislocations’
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Tab.1 Stacking fault energies of FCC medium—/high—entropy alloys captured by different methods

Composition T/K SFE/(mJ - m?) Technique to capture SFE
CoCrNi 0 -62 DFT calculation
CoCrNiP 293 18+4 TEM

CoCrFeNi®! 0 31.6+0.9 DFT calculation

CoCrFeNi 298 27+4 TEM

CoCrFeMnNi®” 0 29.7+1.2 DFT calculation
CoCrFeMnNi*! 298 26.5+4.5 TEM
CoCrFeNiCugs®” 0 29.0+1.9 DFT calculation
CoCrFeNiCu® 0 27.5+1.3 DFT calculation
CoCrFeNiCuAl,*! 0 33.8+2.2 DFT calculation
CoCrFeNiCuAl,s* 0 32.0+2.1 DEFT calculation
CoCrFeNiCuTig 0 37.4+2.4 DFT calculation
NizsFesCriyCoxnMny ! 0 57.7 EMTO+CPA+VASP
NixFeCr7Co,Mny ! 0 19.7 EMTO+CPA+VASP
Ni IAFez(lcrzac020Mn21)w 0 3.5 EMTO+CPA+VASP
CoCrFeNiAly,s 0 38.7+2.6 DFT calculation
CoCrFeNiAly: 0 35.2+2.3 DFT calculation
CoCrFeNiAlys> 0 33.7+2.3 DFT calculation
CoCrFeNiAly;Tig, B 0 42.4+3.0 DFT calculation
CoCrFeNiAly ;Mo 0 37.2+2.6 DFT calculation
CoCrFeNiMnCuP! 0 27.0+1.2 DFT calculation

3 AR AR B R I A2 175 & 2R E CoCrFeMnNi & 4 4 AL AL « (a) £=2.1%;(b) 6=6.0%;(c) £=8.8%;(d) e=12.1%"
Fig.3 Microstructural evolution of the TWIP effect in CoCrFeMnNi alloys under cryogenic deformation: (a) £e=2.1%; (b) £=6.0%;
(c) £=8.8%; (d) e=12.1%"™

P 4 RS 5 R AHAE FegMn,Co,oCryo & 42 21 47 38 1k 31 142
Fig.4 Microstructural evolution of the TRIP effect in the Feg,,Mn,Co,,Cr,, alloy*?
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Fig.5 Deformation stacking faults and the formation of intersecting stacking fault bundles in FeCoCrNiTiy, alloy: (a) e=2.5%;
(b) e=10%; (¢) £=36%; (d) locally enlarged view of (c)*”
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Fig.6 Mechanism of non-parallel stacking fault interaction: (a,b) formation of Lomer-Cottrell locks through the intersection of
non-parallel stacking faults under different deformation levels; (c) schematic of stacking fault reactions on different slip planes
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Fig.7 Mechanical properties of medium/high-entropy alloys fabricated via LPBF: (a) mechanical properties of the as-built CoCrNi
alloy at room temperature (298 K) and cryogenic temperature (77 K); (b) corresponding room-temperature deformation
microstructures; (¢) mechanical properties of the as-built CoCrFeMnNi alloy over a wide temperature range; (d~g) deformation
microstructures at corresponding temperatures!>*"

[ 8 OGN AR KK il i R A SURAE < (a) MOIR 20 2R ZE 18] 5 (b) M BE 7T 3 A A1 e A1F 5 (c) 400 5 4 B IR 20 U0 55 45 440 5 (d) A7 D Ar—
LL%&H@/UKQE?H [12,17.58]
Fig.8 Cellular structure characteristics of LPBF-fabricated alloys: (a) schematic of the cellular structure; (b) elemental segregation
characteristics at cell walls; (c) dislocation structures within the cellular structure of pure copper alloy; (d) cellular structure with
segregation-dislocation!'>I
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Fig.9 Cellular structure characteristics of laser powder bed fusion-fabricated 316L stainless steel at different layer heights:
(a~c) cellular structure characteristics at different deposition depths along the building direction; (d) misorientation distribution
at ~100 wm depth and interior; (e, f) misorientation of adjacent cellular structures at ~100 wm depth and interior!®”
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Fig.10 Mechanical properties of alloys fabricated by LPBF and conventional processes: (a) comparison of tensile curves for
LPBF-fabricated and cold-rolled pure copper; (b) comparison of strength and ductility of pure copper produced by different processes;
(c) tensile performance of LPBF-fabricated, as-cast, and cold-rolled CossCryNissTi;Al, alloy; (d) comparison of strain hardening
capability of the alloy produced by different processes; (¢) comparison of tensile curves for LPBF-fabricated, as-cast, and forged 316L
stainless steel; (f) comparison of strength and ductility of 316L stainless steel produced by different processes!"*!

https://www.cnki.net



SRl ESpRI ]

«584. FOUNDRY TECHNOLOGY

Vol.47 No.06
Jun. 2026

a7, (T IR 20 2R 3 B AL AT R0 A AN [a] Y
WA o ARTEAE T M AR AL GO [R) 7 8 2 25 J 25 52 W b
T ST AL K 72 R, i AR R AL AL R
PR R SR BAE MR R — 7 T, B Z X T OBk R
PR il L DR 2 215 42 28 AR T2 A2 A L 1 45 A Rk e A
AT R 2RI RANA ;55 —T7 0, B e
A, i Z X T IOE R AR R Rl 21 20 U R IR BRI
i, 252 AR R 5 IR 2 2L A2 ELATE AL
A5AS M, ke = %k FLAZ T AOULBIL R R TR T
3 MAMAKRKEBEHMP/EHEEENZF

P RE

LR LR MOIR ZH SR OGS A AR Rl v /e 90
eI = BN S 7 STS N A N B o L kel
ARH LA BEREDLAL , © AR 24 H A 58 Pt o R
AT PO Ry A R il I 5 <6 1 P BE R 4% SR, =
BESE T ZSHAA A R B KR
A FBRETT, Bl DURZS & 4 Atk S b AR 4
il B IE R B0 A Tk B A A U g AR S B o
PEREDUAL , i SR AN X MR 2 2L RO &S W B2t . F
SCREBE X AR 42U AN [R) I 07 ik A 4R THR R fiE
T3 I ROR AT I
31 ITZ3HAEGENFEEE

PO AR R L T 22808 i SO F it R

A AEDUBS MO A U516 & 6 . Gao SFU%}
Fb K O 5 1 2RO U R T2l 48 CoCrNi
RS A 4, DURES G 40 I8 FE N 692 MPa 2 7+ %2
808 MPa, i i 1 3 11 42.8% - T+ % 47.1% , X T A
Tk O BT SR TS A . TR 2 BT AR
FP 7R S 2 AR O T E(P), 1 R (0) , 38 (7] B (R)
FZIE (2, I g8 LT IR fig it % B (VED=P/lvht).,
Wang 50958 £ 1% VED M 69 J/mm® £ 139 J/mm?,
i 75 3406 A R 48 fil (CoCrNi)esMos A 4 i 1 5 M
28%FE Tt 2 36% , 5k A KAz B 20 X A R T
BUE 3 B G A B a8 . Li SEPUR ML 2 2 T
PN BOE R R R M Rl CoCrNi i & 4 v 80 i
(>0.99) 1 T 2% 11, SC B0 I B rpnam i 5
FAE 580~620 MPa, 845~880 MPa, 35~53% i) I 44 .
SR, 39 I3 R O 2 36 4 B B 1 Ak o LRk
REW G T LS —E R L )2 kR,
REARTT 5 A A e DL SIS i R 3 T
32 BEBSIARAENF ML

Wt 3.0 1M IR SO LR, IR 2H 4L
1) 0L 285 A2 310 23 4l AR MK I L A5 AT Sl 2 i
Ahn ZEE CoCrNi HH i & i & in C ST & Al 4t 5
TR 2 25 BE, DT 300 1 BTk 1 2 s B R
Bl 11afl b iR, & 4 i ios Bk 2 815 MPa, 4
58 BE A F) 1047 MPa, SV 19.4%, 01, anf&l

B 11 HOGK AR IR il G 4 MR AR Ky A PERE 45 < (a, b) A IF] C & i CoCrNi & 4 JEIR 21 24 22 5 5 () Si B g AR 2 445
Wi 5 (d~f) AL #% i NiCoCrFe & 4 Jl iR 418U g~ PR g 22 S 10
Fig.11 Tailoring of the cellular structure and mechanical properties of LPBF-fabricated alloys: (a, b) differences in the cellular
structure of CoCrNi alloys with varying C contents; (c) effect of Si addition on the cellular structure; (d~f) evolution of both the cellular
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