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Tailoring the Tensile Properties at 800 °C of a NigCrFeo Al sMo,Cy;
Hypoeutectic High—entropy Alloy by Pre-strain and Aging

JIA Yuhao', WANG Zhijun’, LU Yiping'

(1. School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China; 2. State Key
Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: Hypoeutectic FCC/B2 dual-phase high-entropy alloys often suffer from microstructural heterogeneity and
deformation incompatibility between their constituent phases at elevated temperatures, making it difficult to balance strength
and ductility. In this work, cold-rolling pre-strain followed by intermediate-temperature aging was applied to a NigCrgFeos-
Al;gMo,C,; hypoeutectic high-entropy alloy to investigate its aging response, L1, precipitation behavior, and tensile
properties at 800 C. Both the 15% and 30% pre-strained samples show pronounced age-hardening responses at 700 C,
with the 30% pre-strained sample reaching a higher peak hardness. TEM results confirmed the formation of L1, ordered
precipitates in the FCC matrix after pre-strain aging. The average size of the L1, precipitates is (9.17+0.13) nm in the 15%
pre-strain-aged alloy, whereas it increases markedly to (44.60+0.43) nm in the 30% pre-strain-aged alloy. Tensile tests at
800 C reveals that pre-strain aging increases the yield strength but substantially reduces the elongation. The 15%
pre-strain-aged alloy has a yield strength of approximately 743 MPa, but its elongation decreases to approximately 4.7%.
When the pre-strain is increased to 30%, the further strength improvement is limited, whereas the elongation further

decreases to approximately 1.5% . Fracture analysis indicates that strengthening of the FCC matrix reduces its
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high-temperature deformation compatibility and crack-blunting capability, making cracks more likely to propagate from the

B2 phase and FCC/B2 interfaces into the FCC matrix. Therefore, direct pre-strain aging of the as-cast alloy can increase the

yield strength at 800 °C but is ineffective at achieving a synergistic improvement in strength and ductility.

Key words: hypoeutectic high-entropy alloy; pre-strain aging; L1, precipitation; microstructure; high-temperature

mechanical properties
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Fig.1 Variation in the phase mole fraction with temperature for
the investigated alloy
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Fig.2 Aging time-hardness curves of alloys with different pre-strains at different temperatures: (a) 700 C; (b) 750 C; (c) 800 'C
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Fig.3 Microstructures of the alloy aged at 700 “C for 12 h under different pre-strains: (a,~a;) PS15-A alloy; (b;~bs) PS30-A alloy
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Fig.4 TEM characterization and size distributions of L1, precipitates in the pre-strain-aged alloys: (a, ¢) PS15-A; (b, d) PS30-A. The
mean diameter is expressed as the mean +standard error
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Fig.5 Tensile properties of the alloy under different processing conditions at 800 C: (a) engineering stress-strain curves at 800 C;
(b) comparison of specific yield strength and engineering strain at 800 ‘C between the present alloy and typical Ni-based superalloys,
Co-based superalloys, and high-entropy alloys®#1415171
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Fig.6 Cross-sectional microstructures near the fracture surfaces of the alloys tested at 800 ‘C: (a,~a;) PS0-A alloy; (b,~b;) PS15-A
alloy; (c,~c3) PS30-A alloy
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