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Abstract: Eutectic high-entropy alloys exhibit high strength and excellent ductility, and their properties are determined by
their microstructure. Magnetic fields, as extreme external physical fields, have been widely proven to significantly affect the
solidification process of alloys. Therefore, research on the theory of metallic solidification under a high magnetic field is
highly important. The effect of a magnetic field on the directional solidified AICoCrFeNi,, eutectic high-entropy alloy under
different drawing speeds was studied. The microstructures of the AlCoCrFeNi,, eutectic high-entropy alloy under magnetic
field-assisted directional solidification include primary phase dendrites (FCC phase) and eutectic lamellar phases (FCC/BCC
phase). The strong magnetic field improves the hardness and tensile properties by enhancing the stability of the solid-liquid
interface, refining the spacing of the eutectic lamellar layers and changing the preferred orientation of the primary phase.
Under a high magnetic field, the elongation of the AICoCrFeNi,; eutectic high-entropy alloy reaches approximately 33%,
with an ultimate tensile strength of 985 MPa. Therefore, a strong magnetic field can be used as an effective way to obtain
the coupling of strength and toughness during the casting process.
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Fig.1 10 T magnetic field assisted LMC directional solidified equipment: (a) schematic diagram of the equipment; (b) temperature

gradient
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Tab.1 Elemental distribution of the AICoCrFeNi,, eutectic
high—entropy alloy directionally solidified under 50 pm/s
drawing speed with a 4 T magnetic field
(atomic fraction/% )

Element Al Co Cr Fe Ni
Nominal composition  16.39 1639 1639 1639 3443
Primary phase 6.28 2043 2031 19.61 3337
Eutectic phase 1 6.38 16.46 2581 1699 3455

Eutectic phase 2 15.14 1372 1650 11.94 42.70

A4 :(a) XRD 3% ; (b) O 4 41(V=50 pum/s)

Fig.2 The AlCoCrFeNi,;, EHEAs directionally solidified under different drawmg rates with 4 T magnetic field: (a) XRD patterns;
(b) microstructure (V=50 pwm/s)
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Fig.3 Solid/liquid interface of the AICoCrFeNi,, EHEAs directionally solidified at different drawing speeds with and without a 4 T
magnetic field: (al~a5) 2, 5, 10, 50, 100 pm/s, 0 T; (b1~b5) 2, 5, 10, 50, 100 pm/s, 4 T
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Fig.4 Cross section of the AlICoCrFeNi,;, EHEAs directionally solidified at different drawing speeds with and without a 4 T magnetic
field: (al~a4) 5, 10, 50, 100 wm/s, 0 T; (b1~b4) 5, 10, 50, 100 pwm/s, 4 T
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Fig.5 The eutectic lamellar and dendritic spacings of directionally solidified AICoCrFeNi,; EHEAS: (a) the effect of magnetic field on
the eutectic lamellar spacing; (al) the relationship between eutectic lamellar spacing and drawing speed, B=4 T;
(b) the effect of magnetic field on the dendritic spacing; (b1) the relationship between dendritic spacing and drawing speed, B=4 T
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&l 6 SR ML T 1]k [E AICoCrFeNi,, 4t #h i 1 45 4 IPF \PF &Il FCC AH 1Y )% & : (al~a3) 5 pm/s, 0 T; (b1~b3) 5 pm/s, 4 T;
(c1~¢3) 50 pm/s, 0 T; (d1~d3) 50 pwm/s, 4 T
Fig.6 IPF, PF maps and IPF of the FCC phase of the AICoCrFeNi,;, EHEAs directionally solidified at various growth speeds with and
without a 4 T magnetic field: (al~a3) 5 pm/s, 0 T; (b1~b3) 5 pm/s, 4 T; (c1~c3) 50 pm/s, 0 T; (d1~d3) 50 pm/s, 4 T

P 7 A [ i 1 37 TR A ) i 437 38 2 1) 35 (] AICoCrFeNi,, it g 1 & 4 B Ul B2 < (a) R ARURE BE 5 (b) 3 1 37 o Al 2 1) 5 A
Fig.7 Vickers hardness of the AICoCrFeNi,, EHEAs directionally solidified at different drawing speeds with and withouta 4 T
magnetic field: (a) Vickers hardness; (b) increase in hardness
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Fig.8 Mechanical properties of the AICoCrFeNi,, EHEAs directionally solidified at different drawing speeds with and without a 4 T
magnetic field: (a, b) tensile curves of samples at 0 and 4 T, respectively; (c) elongation; (d) ultimate tensile strength
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19 S 1 F T AS [R5 ) 3 [ AlICoCrFeNi,, 3 & i i & A Hr A By B3 . (a) 2 wm/s, 4 T; (b) 5 /s, 4 T
(©)10 pm/s, 4 T; (d) 50 pm/s, 4 T; (¢) 100 pm/s, 4 T

Fig.9 Morphology of tensile fracture of the AICoCrFeNi,, EHEAs directionally solidified at various growth speeds with 4 T magnetic

field: (a) 2 pm/s, 4 T; (b) 5 pm/s, 4 T; (c) 10 wm/s, 4 T; (d) 50 pm/s, 4 T; (e) 100 wm/s, 4 T
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