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Fig.1 Schematic diagrams of tensile specimen (a) and Charpy impact
specimen (b) of SLMed Ni, Co .Cr, ;Fe ,ALTi; HEA
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Fig.2 XRD pattern (a) and microstructures of SLMed Ni, Co Cr, Fe
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Fig.3 Tensile properties of SLMed Ni,Co,Cr Fe AlLTi;, HEA at
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293 K (room temperature) and 77 K: (a) engineering stress-

engineering strain curves; (b) true stress-true strain and work

hardening rate curves
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Fig.4 EBSD analyses of SLMed Ni,Co, Cr Fe, Al Ti; HEA before (a—d) and after (e—h) tensile deformation at 77 K: (a, ¢) IPF+IQ maps,
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(b, f) IQ maps, (c, g KAM maps, and (d, h) grain size distributions
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Fig.5 Dynamic fracture behavior of SLMed Ni,Co,Cr Fe AlTi
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HEA under impact loading: (a) load-displacement curves and
(b) absorbed impact energies at crack initiation (W, ), stable

growth (W, ), and unstable growth (W . ) stages
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PR T B ARBRAE

SLM JJ¥ Ni, Co,Cr,Fe, ALTi, f= /i & £ 75 77 KA
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%1 77%01293 KAF SLM B Ni,,Co,,Cr Fe, AL Ti B BB a7 - W RS HA 2 S AT 23R
Table 1 In-depth analysis of load-displacement curves of SLMed Ni,Co, Cr Fe ALTi;, HEA after instrumental impact testing at 77 and

293K
Temperature/ P /KN, P, /kN, P _/kN, P, /kN, P /KN, Wl Wend W W/
K Displacement/mm Displacement/mm Displacement/mm Displacement/mm Displacement/ mm  J J J J
77 22.6,0.54 25.3,0.95 26.8,2.24 22.3,3.26 8.06, 5.29 172 60.1 275 129
293 17.4,0.55 21.0,1.03 23.2,2.31 19.6,4.01 10.4,5.86 16.6 674 245 197
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Fig.6 Fractographic characteristics of SLMed Ni,Co,Cr Fe ,AlLTi, HEA after impact fracture at 77 K: (a) impact fracture morphology,

(b—c) magnified images of region 1, and (d—e) magnified images of region 2
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Fig.7 Crack propagation path and EBSD analyses of SLMed Ni,Co Cr [Fe  ALTi; HEA after impact fracture at 77 K: (a) SEM image, (b) IPF+

1Q map, (c) IQ map, and (d) KAM map

PSR TN : — U T IE I 4 A A B 35 P R
I TREARE 775 53— J7 TH S A8 B 4 M P A W Rl 22 L,
AR R Gy SO 5507 A R ERUR A e & . 1A
2 RIZ e EAEELEIBE O] 1 AORHE b o 800 T 45 B £7
FriaE MRSy LI .

T2 5 AR A S A 20 BT R W, SLM U
Ni,,Co,Cr  Fe AL Ti, = & 4 (132 T AL 2 I ek %
EARAIE . FEHE SRS R AR (N AR R L2 107 7D 2644

N 780 BIAR T 18] fo VR 48 58 G #8 - AL R, (45
R B 2 1M RO SRR AL S I SR AR A [R5
$eTte AL MBI T M AZE Ay 10°~10* s7) , R
AR L B 2 G0, (H S 30 52 21 2h A3t B AN 1 55
FUAn) S ECEEFRE NS A T R XN AR R UK
Rt B AR By b b e 0 R AL R E (38.1 pm) B I
T HES S A& (14.6 pm) , & PP THTE(RIR T g A
BEAR A 1 2R 22—



W] B RS TR

K8 77 Kt i fi5 SLM /¥ Ni,Co, Cr JFe, AL Ti, =i & 4 TEM B8
Fig.8 TEM images of SLMed Ni, Co,Cr, Fe Al Ti; HEA after impact fracture at 77 K: (a—b) slip band and dislocation cell, and (c) stacking fault
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Fig.9 Impact toughness versus yield strength of various metallic

material systems prepared by additive manufacturing
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Cryogenic Mechanical Properties of Ni,,Co,Cr Fe, Al Ti; High-Entropy Alloy
Fabricated by Selective Laser Melting

Yin Yuzhen', Ma Bowen', Song Miao’, Pan Jie', Liu Lin'
(1. State Key Laboratory of Material Processing and Die & Mould Technology, Huazhong University of Science and Technology,
Wuhan 430074, China)
(2. AVIC Xi’an Aircraft Industry Group Company Ltd, Xi’an 710089, China)

Abstract: Additive manufacturing technique provides a new approach for the fabrication of complex structures and precise control of the
microstructure in high-entropy alloys (HEAs), greatly expanding their application prospects in extreme service environments such as aerospace
and deep-space exploration. However, there is still a lack of systematic and in-depth understanding of the mechanical behavior of additively
manufactured HEAs under cryogenic conditions, particularly regarding their dynamic impact response and underlying microstructural deformation
mechanisms. In this study, a Ni, Co,,Cr Fe Al Ti; HEA was prepared using selective laser melting (SLM), and its static tensile and dynamic
impact mechanical behaviours at 77 K were investigated. The results show that this HEA exhibits excellent strength-ductility synergy and impact
toughness at cryogenic temperature, with a yield strength of 1083.4 MPa, a uniform elongation of 29.8%, and an impact energy as high as 117.7 J.
Microstructural analysis reveals that the high-density dislocations, stacking faults, and their interactions between the initial cellular structures
during cryogenic deformation effectively facilitate energy dissipation, thereby endowing this HEA with excellent cryogenic impact toughness.

Key words: additive manufacturing; high-entropy alloy; Charpy impact; cryogenic mechanical properties
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