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Table 1 Characteristics of the HEA particles

. Particle Density/
Particle Control agent Morphology . 3
size/um g-cm
HEAE None Ellipsoidal 53.6 8.26
HEAF Ethanol Flake 15.7 8.26
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Table 2 Chemical composition of the matrix alloy (a/%)
Si Cu Fe Mg Mn Zn Al
2.71 0.55 0.36 0.01 0.03 0.23 Bal.
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Fig.1 XRD patterns of HEA particles: (a) HEAg and (b) HEAr

IS, UK BRI, HE B R, A
BOR, KAREEh 1.46; EBREES R, AREETHE,
AL IR B A m, T EBRRLE R R ER . 53
Ab, BREEE AR Pl ae AL AR, B BR 1) MRUORL i
FEN g, 5 SO 5 1) RIORL 5T 2R & B R UKL (1) 141
AR TR Sl I R, BRI T AR R B
B, 9S8 T AR R N RORL B R BRI, G4k, TR
PR A ORI T B — 2 “ W7, 98059 1 FORL 5 i
W2 8] () LR A, e 1 T R AR 44k, i 2b o
HEA; ki %2 5 R, X5 Ramezani®ZR ] i FE 2
FIEREE AL I TER A — S0 . 2 FORURLYY ) fee 4544,
{0 HEAR UK 1 4% Ll B8 MURERL A 1R 3G R B4 0, fe /)
ekl 4.51.

3 AREECIR AR K EDS Re il o 153 2 ik
HEAg. HEAp BORLUEAT sS4 K I, HEAg BRI G R
4 R SR AR —3 . HEAR Al TR 54 X
EAE R D a3, E BRI ALKy 5 HoAt Ry R %
ZMB K, SR> E OREPEE, LSRR B R &
WA ik D> o
2.2 E&#E XRD 5 RRHBLHH

K 3 4 HEA/AL.HEA /Al 5 A F1EHE XRD B .
BT LR 1, B EMRMIAR H LRI A a-AL AHFN
BREILE AR Ak, MR IEAEfE—E B AlSiFe
M, XFEZELH ADCI2 &7 —E & Fe A KXo X



* 4006 *

Mty @A RS TRE

48 3%

25 pum

Kl 2 milliaE&mARIES
Fig.2 Morphologies of HEAE (a) and HEAF (b)
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Table 3  EDS analysis of HEA powder (at%)
Particle Al Fe Co Ni Cu
HEAg 5.35 26.65 25.31 24.77 17.91
HEAF 3.66 28.12 25.20 23.28 19.73
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Fig.3 XRD patterns of HEAg/Al, HEAF/Al composites (a) and

corresponding local magnification (b)
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Fig.4 SEM images of HEAg/AI (a), HEAF/Al (b~d), HEAE mixed with Al powders (e), and HEAr mixed with Al powders (f)
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Table 4  Critical volume fraction to obtain a uniform distribution of the reinforcements in the composites
Particle Particle Aluminum Theoretical volume Actual volume Critical HEA
size, d/pm size, D/um fraction/% fraction/% content/%
HEAg 53.62 35.23 5 6.06 16.8
HEAF 5.24 35.23 5 7.14 6.12

#*5 EAMBEDS giEksm
Table 5 EDS analysis of the composites (at%)

Composite Al Fe Co Ni Cu

HEAE/Al 9.85 25.46 24.52 23.64 16.52
HEAf/Al 14.36 15.88 18.58 29.31 21.66
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Table 6 Mechanical and physical parameters of HEAg/Al and HEAy/Al

Material Density/g-cm™ Relative density/% Yield strength/MPa Tensile strength/MPa Elongation/%
Matrix alloy 2.7 98.2 82 144 18.3

HEAg/Al 3.05 98 95 162 9.2

HEAf/Al 3.08 96.4 103 174 7.6

Bl 5 HEAg/Al Rl HEAR/AL HII7 11 E 51
Fig.5 Fracture morphologies of HEAg/Al (a) and HEA/Al (b~d)
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Effect of Reinforcement Morphology on Microstructure and Properties
of High-Entropy Alloy Particles Reinforced Cast Aluminum Alloy

Zhao Bin, Zhu Dezhi, Wen Dongbao, Zhan Quanquan, Chen Long
(Guangdong Key Laboratory for Metallic Materials Processing, South China University of Technology, Guangzhou 510640, China)

Abstract: Two kinds of morphological high-entropy alloy particles (Aly2sCug7sFeCoNi) were prepared by mechanical alloying. One is
ellipsoidal particles (average particle size 53 um, no control agent), while the other is flake particles (average particle size 15 pm, with
control agent). High-entropy alloy particles reinforced cast aluminum alloy (volume 5 vol%) was prepared by squeeze casting. The
influence of different reinforcement morphologies on the microstructure and mechanical properties of composites was analyzed. The
results show that in the preparation process of precast block, ellipsoidal ones are easily mixed uniformly with aluminum powder, while the
flake are prone to agglomeration. The tensile strengths of the ellipsoidal and the flake particles reinforced composites reach 162 and 174
MPa, respectively, which are 12.5% and 20.8% higher than that of matrix alloy, but the elongations are significantly lower. Fracture
analysis shows that the fracture of ellipsoidal particles reinforced composite is dominated by the tear of the matrix, while the flake particles
reinforced composite is dominated by the rupture of agglomeration.

Key words: cast aluminum alloy; high-entropy alloy; microstructure; properties
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