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Research Progress on the Control of L1, Nanoprecipitation in
High—entropy Alloys
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Abstract: High-entropy alloys are a new type of metal material composed of various alloy elements with equal or nearly
equal atomic ratios. High-entropy alloys have excellent properties due to their unique atomic structure and alloy design
concept. In the precipitation strengthened high-entropy alloys, the ductile L1, nanoprecipitation can hinder the dislocation
movement. This phenomenon can not only improve the strength but also ensure good ductility, which has attracted
widespread research interest. Furthermore, it is important to control the size, morphology, distribution and volume fraction
of the L1, phase in the alloy to improve the mechanical properties of precipitation strengthened high-entropy alloys. Based
on this, the influences of alloy composition and thermal-mechanical treatment process parameters such as aging
temperature, aging time and plastic deformation on the L1, phase are reviewed in this article. Additionally, the methods for
designing new L1, phase strengthened high entropy alloys are summarized. Finally, the research on LI,-precipitation
strengthened high entropy alloys is briefly summarized and outlooked.
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Fig.1 Effect of valence electron concentration on intermetallic compounds and precipitated phase crystal structure®”
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Fig.3 Comparison between near equimolar ratio high-entropy alloys and Liang et al. 's strategy for designing alloy compositions:
(a) phase and element composition of near equimolar ratio high-entropy alloys, (b) liang et al. 's strategy for designing high-entropy
alloy compositions®”
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Fig.4 Yang et al. used the phase diagrams to determine Cr content: (a) equilibrium phase diagram of the Ni;CosAlsTisFesx . Cry alloy

system, (b) phase content changes with Cr content at different temperatures

[42]

Kl 5 NipXTigX=Co,Fe,Cr)fl NiTig 7£(010) 1 L 19 F 7 25 i 22
Fig.5 Electron density difference between NiyXTig(X=Co,Fe,Cr) and Ni,Tigz on plane (010)1
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Fig.6 Diagram of the current alloy design strategy based on artificial neural network model: (a) general procedure, (b) network

structure
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Fig.7 Duplex-aging treatment process: (a) process design diagram, (b) grain boundary structure of high-entropy alloy after aging at
800 C for 24 h, (c) grain boundary structure of high-entropy alloy after duplex-aging treatment!™®
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Fig.8 SEM and TEM images of the Al sCoCrFeNi high entropy alloy at different aging times: (a) aging treatment for 4 hours,
(b) aging treatment for 80 hours, (¢) aging treatment for 140 hours®)
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Fig.9 Size distribution of L1, phase particles in (NiCoFeCr)yTi,Al, high-entropy alloy aged at 800 C for different time: (a) 0.5 h,
(b) 17 h, (c) 102 h, (d) 503 h'*
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Fig.10 Schematic diagram of the precipitation mechanism of the L1, phase in the (FeCoCrNi)y,ALTi; high entropy alloy under different
prestrain!®
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