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Multi-element High-entropy Alloys
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This technology extends the conventional alloy design based on a single principal metallic element typically at greater than
40 atom percents by synthesizing nanostructured high entropy alloys with several principal elements each at 5 to 35 atom
percents, resulting in much expanded versatilities in alloy design, property enhancements and applications. Early
applications in sporting goods such as golf driver heads have already been demonstrated.
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(a) BCC: pure A (b) FCC: pure A
Nano scale microstructure after casting
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Spinodal structure 1 (about 70 nm width)
i¢ Spinodal structure 2 (about 100 nm width)

(c) BCC: solute B (d) FCC: solute B
in matrix A in matrix A

Nano precipitates in spinodal structure 2
(from 7 to 50 nm)

Nano precipitates in spinodal structure 1
(about3nm)
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Nano crystallization after cold working

(e) BCC: 5 different (f) FCC: 5 different
elements elements
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Superior performance of strength and
work hardening up to 800°C

Stress-Strain curve of compression test
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Applications

Tools, molds, dies, mechanical parts and furnace parts, etc., requiring high
strength, thermal stability, and wear and oxidation resistance.

*Anticorrosive high-strength materials in chemical plants, IC foundry, and even
marine uses for piping, pump components, propellers, impellers, ..among others.

*Functional coating such as hard-facing of golf heads and rollers.

Golf Club Heads
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