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ABSTRACT AlCoCrFeNi, ; eutectic high-entropy alloy is widely utilized in the aerospace, nuclear power, military, and automotive
industries due to its exceptional properties, such as high strength, excellent ductility, and remarkable wear and oxidation resistance.
However, as the demand for components in the aerospace sector continues to rise, traditional processing methods, such as casting
technology, are no longer sufficient for producing complex parts. In contrast to traditional melting techniques, Selective laser melting
(SLM), a key technology in metal additive manufacturing, offers advantages, such as precise local process control, flexible design
capabilities, and a high cooling rate, overcoming the limitations of conventional manufacturing methods. During SLM, parameters like
laser power and scanning speed directly influence the thermal behavior of the molten pool, which in turn affects the microstructure and
properties of the AICoCrFeNi, ; eutectic high-entropy alloy. Currently, most studies rely on experimental methods; however, complex
thermophysical changes during SLM considerably impact the internal thermal behavior of the component. The temperature field of the

molten pool, melting behavior of the powder, and morphology of the molten pool during the forming process cannot be fully studied
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through experiments alone. Numerical simulation methods offer a more effective, economical, and accurate alternative by reducing the
need for experiments. In this study, a finite element model of the AICoCrFeNi,; eutectic high-entropy alloy formed by SLM was
developed using the ABAQUS software, with the movement of the Gaussian heat source implemented through the DFLUX subroutine.
The effects of the bath size, temperature change, and liquid phase time on the temperature field, microstructure, and mechanical
properties under different process parameters were investigated. By simulating the size and morphology of the molten pool during SLM,
the temperature field of the molten pool to produce AlCoCrFeNi,; eutectic high-entropy alloy under various process parameters was
determined. In addition, based on experimental observations, the microstructure of the sample was analyzed, and its mechanical
properties were tested, confirming the reliability of the numerical simulation. The results show that the maximum temperature and size of
the molten pool increase with laser power, whereas they decrease with an increase in scanning speed. The cooling rate of the molten pool
increases with the increase of laser power and scanning speed. High-quality AICoCrFeNi, ; eutectic high-entropy alloy samples were
fabricated using the SLM technique, with optimized processing parameters of 350 W laser power, 850 mm-s ' scanning speed, 100 um
hatching space, and 30 pum layer thickness. The samples exhibited a relative density of 99.7%, with virtually no pores, spheroidization, or
warping defects observed. The simulated molten pool width was 138 pm, the depth was 61 um, and the width-to-depth ratio was 2.26.
The samples demonstrated a microhardness of 398.08 HV and an ultimate tensile strength of 1529.5 + 12.8 MPa, with overall
mechanical properties being optimal. This scientific data is valuable for future SLM-based AlCoCrFeNi, ; eutectic high-entropy alloy
structure design, microstructure evolution, and mechanical property enhancement, contributing to the theoretical foundation for
manufacturing high-quality eutectic high-entropy alloy products in industry.

KEY WORDS eutectic high-entropy alloys; selective laser melting; temperature field; process parameters; numerical simulation
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Fig.5 Maximum rate of temperature change at point P: (a) different

laser powers (v = 850 mm-s™"); (b) different scanning speeds (P = 350 W)
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Fig.6 Cooling rates at different locations of the molten pool: (a) selected position for the melt pool; (b) different laser powers (v = 850 mm-s');

(c) different scanning speeds (P = 350 W)
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Table 2 Experimental process parameters and corresponding simulated process parameters, along with experimental size and error

Melt pool width Melt pool depth

Sample Laser power/W Scanning speed/(mm's ') VED/(J-mm™)

Simulation/um Experiment/um Error/% Simulation/um Experiment/um Error/%

1 150 650 76.92
2 150 750 66.67
3 150 850 58.82
4 250 650 128.21
5 250 750 111.11
6 250 850 98.04
7 350 650 179.49
8 350 750 155.56
9 350 850 137.25

105
100
96

125
118
110
161
150
138

109.3 4.06 42 43.8 4.29
103.62 3.62 38 40.3 6.05
101.67 591 35 37.33 6.66
130.5 44 54 57.5 6.48
125.7 6.53 50 53.3 6.6
116.67 6.06 46 48.52 5.48
170 5.59 85 89.9 5.76
152 6 72 75.6 5
142.67 3.38 61 62.9 3.11

JETFEHE N F] 350 W IRF, 5l SF- 4 58 BE AT IR
JE 43 5] 142.5 um 1 63.1 pm, 44 MIE BB 4], B
PRI 42 B (A& 7(c) TR ). R B Al 0 se 56 R
SHW R T R T, 302 B SLM i Tad & A7
FE T 25 S RN, T O Y BT I, 5 e b P
A% AN, PRI 7= A R 22 . AN R SO L T R A
R TR B0 S At RS X L g R Ak 2
Fiw, af LA Y BRLR ST 5 S50 ROST S 2 25 4%
/N, B BIACHIE 5% b ST R A PR T AR L T LA ST
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10 I3 0 N 1 1 O D S T= Dl 21 N 2
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AAAR A T8 22 [R5 45 IX U K, 25 T8 Uik e b | 350%
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Fig.7 Comparison of molten pool morphology and size under different process parameters: (a—e) experimental results; (f) simulation results
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Fig.8 Pore defects and relative density under different process parameters
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Fig.9 Microhardness under different process parameters: (a) different
laser powers (v = 850 mm-s™'); (b) different scanning speeds (P = 350 W)
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Fig.10 Tensile properties at room temperature under different process parameters: (a) stress—strain curves; (b) different laser powers (v = 850 mm-s™');

(c) different scanning speeds (P =350 W)
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Table 3 Yield mechanical properties of AICoCrFeNi,; alloy prepared
via SLM

Ultimate tensile Yield Elongation to R .
strength/MPa strength/MPa failure/% esource

1529.5 1349.4 2.65 This

work

1046 546.4 17.7 [36]

1271 966 22.5 [13]

1322.8 982.1 123 [37]

1380 1200 10 [12]
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ARG R IR, ek T2 S50 (OB TIR 350 W, 9
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FLBR G FE LI ML LI, It TS HOR, I AL
Bt e 5 /0, 30 B i, AlCoCrFeNi, | d: s &
4 1 S IR 132k 398.08 HV, HT Lk J32 11 42 e 3 4
WIoh 1529.5 MPa Fll 2.65%, 454 1241 RE ik ) B fE.

HAR AR CE & %F SLM i JE AlCoCrFeNi, ; i
MG AT T — 2 QA5 T RIE T 2248,
{H SLM BB PEREA AL 5 WG 3 0 3 A
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JE . B2 R RN AF N R A, T UATELR & 75 1845
PR 22 [l L, (645 )5 SE P4 p o
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