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Table 1 Chemical composition and density of high-entropy alloy and ceramic eutectic composites

Chemical composition Density/(g-cm™) Reference Chemical composition Density/(g-cm™) Reference
NbTaWg 5(M02C)o.1 13.37 [16] Mo, sNbHfTiV 5Sip 7 8.06 [15]
ReysMoNbW(TaC)g s 13.31 [13] (CoCrFeNiMn)goAlo 7.86 [21]
ReosMoNbW(TaC)o 7 13.17 [13] Moy sNbHfy sZrTiCo 7.82 [22]
RepsMoNbW(TaC)g9 13.13 [13] FesoMn3Co1oCrio(B4C)o.s 7.73 [23]
NbTaWy5(M0,C)o.2 13.00 [16] FesoMn30Co1oCro(TiC)o s 7.72 [23]
Reg sMoNbTaW(TiC)o s 12.77 [19] FesoMn30Co10Cr1o(SiC)o s 7.70 [23]
MoNbW(TaC)o 7 12.37 [14] Mo, sNbHfTiV sSip s 7.52 [15]
MoNbW(TaC) 9 12.34 [14] Alg4FeCoNiB 7.49 [24]
MoNbW(TaC), o 12.32 [14] AlMoy sNbTag s TiZrBg 0 7.39 [25]
Rep sMoNbTaW(TiC)y 7 12.26 [19] AlMo sNbTay sTiZrBy o6 7.38 [25]
MOoNbTaTiVSige 8.87 [20] AlgcFeCoNiB 7.13 [24]
MoNbTaTiVSi 8.30 [20] CoCrNiMo, sCB 5.96 [26]
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(d) OR map from the eutectic regions marked by white rectangles in IPF maps

IPF is inverse pole figure. LAM is local attribution map. BCC is body-centered cubic.
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Fig. 1 EBSD maps of as-cast and compressed Rey sMoNbW(TaC), ¢ eutectic composite
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(a) Bright-field TEM and SAED maps (b) Edge-on view of BCC/carbide interfaces

ZA and FCC-MCC refer to zone axes and multi-component carbide, respectively.

2 ReysMoNbW(TaC)go H i & A ARG A5 N ) TEM F i 45 1y 127

Fig.2 TEM images of BCC/carbide phase interfaces in the as-cast Rey sMoNbW(TaC), ¢ eutectic compositem]

Without deformation 298 K 1473 K

(b) FFT patterns

K3 ReosMoNbW(TaC)g o it &AM RHE R 25 A0 R 45 i 1) W AH L) 96 R 1Y)
Fig. 3 Orientation relationship of phases in the Req sMoNbW(TaC), ¢ eutectic composite
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¢: Cubic ;-
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(d) Stacking faults in the 1473 K-
deformed carbide

(e) Stacking faults in the 1473 K-deformed carbide

(f) High-resolution TEM image of the phase interface

Dislocations

Dislocations

" Pileup

Dislocation cells

Dislocation cells
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Without compression

298 K

1473 K

1073 K

(g) Schematic diagram of defect evolution.
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Fig. 4 Microstructure of Rey sMoNbW(TaC), 4 eutectic composites after compression at different temperatures
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(b) Compressive strength-yield strength points
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Fig. 5 Compressive properties of the high-entropy alloys and ceramic eutectic composites at 273 K and 1 273 K
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Composites with High Density
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(1. State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Wuhan University of Technology,
Wuhan 430070, China; 2. School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China)

Extended Abstract

With the rapid development of cutting-edge technology fields such as aerospace and defense, high-temperature structural
materials are needed for key hot-end components. High-entropy alloy and ceramic eutectic composites are a kind of eutectic
composites composed of high-entropy alloy and ceramic, having high density and high-temperature properties. The eutectic
composites exhibit superior high-temperature strength and room-temperature plasticity via combining the performance advantages of
high-entropy alloys, ceramics, and eutectic composites, which have attracted recent attention.

High-temperature high-entropy alloy and ceramic eutectic composites are mainly composed of refractory metal elements and
high-melting non-metallic elements such as C, Si and B, which have a high density up to 13.31 g/cm’. The phase composition and
eutectic structure can be effectively predicted by a phase diagram software named CALPHAD, while the predicted difference in
eutectic points originates from the limited simulation databases. The eutectic composites are composed of refractory body-centered
cubic (BCC) high-entropy alloy and ceramic phase with a eutectic structure, in which the two phases exhibit a semi-coherent interface
with a low interface energy and a high stability. After annealed at 1573 K for 168 h or deformed at 1473 K, the eutectic composite
maintains a phase and structural stability. The high-temperature high-entropy alloy and ceramic eutectic composites have superior
high-temperature strength and room-temperature plasticity via combining the synergistic effects from strong bonding interface, fine
grain strengthening, and second phase strengthening, which are better than the reported high-temperature high-entropy alloys and
their ceramic composites. In addition, the high-temperature high-entropy alloy and ceramic eutectic composites derived from the
optimization of alloying elements also possess high-temperature oxidation resistance, wear resistance and corrosion resistance.

Summary and prospects The high-temperature eutectic composites composed of high-entropy alloy and ceramic have superior
eutectic structural stability and performance such as high-temperature strength, which are expected to be applied in the
high-temperature fields. However, the corresponding research on these eutectic composites is still in infancy, a relationship among
composition, structure and performance is relatively unclear. In the future, the development of these eutectic composites is mainly
carried out from five aspects, i.e., theoretical design and computational simulation, synthesis and preparation of new materials,
multi-scale structure design, high-temperature oxidation resistance of enhanced materials, and improvement of mechanical properties
of materials.

Keywords high-entropy alloys; ceramic; eutectic structure; mechanical properties



