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Table 1 Nominal composition of eutectic high entropy
alloy (mass fraction, %)
Fe Co Cr Ni Ta Al
19.5 22.2 14.7 19.9 23 0.7
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Fig. 1 Morphology(a) and particle size distribution rate(b)

of eutectic high entropy alloy powder used for selective
laser melting
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Table 2 SLM parameters for eutectic high entropy alloy

Laser Scanning Layer Hatch
power/ velocity/  thickness/ spacing/
W (mm-s™") mm mm
190-350 400-1400 0.03 0.05-0.12

B2 EXEOCH R RS R
Fig. 2 Schematic diagram of SLM scanning strategy: (a)

Crossing scanning strategy; (b) Band scanning strategy
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powder(a) and SLM sample(b)
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Fig. 4 Microstructures of eutectic high entropy alloy: (a) Row powder; (b) SLM sample
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Fig. 5 Microstructures of SLM samples under different process conditions: (a) Laser power 350W-crossing scanning

strategy; (b) High magnification of red box in Fig. (a); (c) Laser power 250W-band scanning strategy
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Fig. 6 Microstructure evolutions of eutectic high entropy alloy produced by SLM: (a) Effect of laser power; (b) Effect of

scanning speed
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Fig. 7 Morphologies of defects in SLM sample: (a), (¢c) Microstructure along cross section; (b), (d) Corresponding to Al

element distribution maps of Fig. (a) and Fig. (c), respectively
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Fig. 8 Composition segregation morphology(a) and elemental distribution maps((b)—(g)) in SLM sample
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Fig. 9 IPF figures of different section of SLM sample: (a) Epitaxial growth along longitudinal section; (b) Different grain

orientation in adjacent molten pool along cross section; (c¢) Grain size distribution for longitudinal section; (d) Grain size
distribution for cross section
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Table 3 Calculation parameters of eutectic and dendrite growth rate

Variable Property Value
m, Liquidus slope of FCC phase -5.96
mg Liquidus slope of Laves phase 10.62
k Equilibrium distribution coefficient 0.59
Q Dimensionless solutal supersaturation 1P)
P Complementary distribution coefficient 1-k
o Stability constant 1/(47%)
C, Initial alloy concentration 15%
0, Unit thermal undercooling 2.2x10° K
Ah; Latent heat of fusion per unit volume 2.324x10° J/em®
c Volumetric specific heat 1.046x10* J/(m*+K)
D Diffusion coefficient in liquid 107° m?%/s
K Thermal conductivity 90.8 W/(K*m)
a Thermal diffusivity 8.7x1072 m?/s
r Gibbs-Thomson coefficient 107K m
A Lamellar width 400 nm
0, 0, Angle of dendrite tip 1.17
f Volume fraction of FCC phase 0.69
AT, Liquid-solidus range 50 C
10" ureetie growi , BRR T AR, RIS T AR, Kbk i
""" Dolie powtipaisef D8 P IERLAN, S PR I £ 3 U K

/

— Dendrite growth rate of
100k FCC phase
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\

107}
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Bl 10 Fey;;Coys, Cryg gNiyy (Tag ;AL ; 36 i i i 7 5 3%
AR FE S ER KR
Fig. 10 Relationship between competition of eutectic and
dendrite growth in Fe,, ,Co,,Cr, (Ni,, [Tag (Al , eutectic

high entropy alloy
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Table 4 Mixing enthalpy between components in eutectic

high entropy alloy?*!
Mixing enthalpy/(kJ+mol™")
Element
Co Cr Ni Ta Al
Fe -1 -1 -2 -15 -11
Co -4 0 -24  -19
Cr -7 -7 -10
Ni -29 =22
Ta -19
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Solidification behavior of eutectic high entropy alloy fabricated by
selective laser melting

SU Jie!, CHEN Shi-qi', DING Zheng-yang?, LIU Bin', LIU Yong'

(1. National Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
2. 3D METALWERKS Co., Ltd., Xiamen 361023, China)

Abstract: Fe,, ;Co,,,Cr 4 (Ni, ;Tag Al , eutectic high entropy alloy was fabricated by selective laser melting
(SLM), and the effect of process parameters on the evolution of solidification structure was investigated. The
results indicate that the high undercooling produced by SLM is the main parameter affecting the morphological
changes of the eutectic high entropy alloy. By calculating the relationship between the microstructural growth rate
and the undercooling, it is found that the dendrite growth rate of FCC phase will exceed that of the eutectic when
AT>129 K. The solidified structure of the eutectic high entropy alloy changes into the dendrite growth dominated
by FCC phase. The absolute stability critical rate of FCC phase growth is about 850 mm/s, and the solidification
structure mainly forms through dendritic growth. The overlapping area of the molten pool is rich in Ta but poor in
Fe and Cr, which is attributed to the thermal cycle characteristics of the SLM. This is due to the low mixing
enthalpy of Ta with Fe and Cr which causes the repulsion of Fe and Cr by Ta during solidification.

Key words: eutectic high entropy alloy; selective laser melting; competitive growth; rapid solidification
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