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Among the advanced structural materials for applications in the aerospace, defense and automotive 

industries, the aluminum-based metal matrix composites have increased their demand due to their 

attractive mechanical properties such as their high modulus of elasticity and high mechanical strength 

[1]. The ceramic particles have been preferentially selected to reinforce metallic matrices due to their 

high rigidity, strength and hardness. However, there are some limitations for the preparation of these 

composite materials, such as the low wettability and chemical compatibility between the ceramic 

particles and the metal matrix. To overcome these limitations, Madhu et al. [2] proposed some "metal-

metal composites", choosing conventional alloy systems with restricted solubility between them. In 

recent years, aluminum-based matrix composites reinforced with metal particles have been studied as 

potential alternatives to reduce the weight of components for structural applications and to improve their 

mechanical and physical properties.  

 

High entropy alloys (HEA) are a new class of high performance alloys, developed in 2004 by Yeh et al. 

[3]. With at least 5 main elements in equiatomic or close to equiatomic composition, these alloys possess 

excellent properties such as: high mechanical strength, hardness, ductility and thermal stability at high 

temperatures, as well as high resistance to wear and oxidation. Through the mechanical alloying 

technique for the production of HEA, a wide variety of nanocrystalline particles can be generated to be 

used as reinforcements for metal-metal composite materials fabrication. There are few publications 

implying the use of HEA as reinforcement of metal matrices, specifically for aluminum based 

composites [4]. The present investigation deals with the synthesis of aluminum-based composites 

reinforced by the dispersion of HEA nanocrystalline particles, as well as the microstructural evolution 

study of the composites and their mechanical response. 

 

A nanocrystalline CoCrFeMnMoNi HEA was synthesized by mechanical alloying in a high-energy 

SPEX 8000M mill for 10h under an inert Ar atmosphere. The HEA particles were dispersed into an Al 

matrix in amounts of 1, 5, 10 and 20 wt.% by mechanical milling (2h). Solid samples were obtained by 

cold-pressing at 900 MPa and sintering at 500°C for 3 h, under Ar atmosphere. The composites were 

evaluated by scanning electron microscopy (SEM), X-ray diffractometry (XRD) and microhardness 

testing. 

 

Through SEM analysis (Fig. 1), is it possible to observe that mechanical milling was an efficient method 

to obtain a homogeneous dispersion of HEA particles into the aluminum matrix. After sintering, the 

microstructure of composites shows a uniform dispersion of HEA particles. Surface defects such as 
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cracks and pores decrease with the increase of HEA content (Figs. 2a-d). In the XRD patterns of sintered 

composites (Fig. 2d), only the diffraction Bragg peaks of Al are present and there is no evidence about 

the formation of a new phase; due to CoCrFeMnMoNi particles exhibit stability as solute in the 

aluminum matrix. Microhardness results show that composites hardness increases as a function of HEA 

content from 99 to 234 HV for composites reinforced with 1 and 20 wt.%, respectively. 
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Figure 1.  BSE-SEM micrograph of aluminum powder (gray particles) after dispersion of 10 wt.% of CoCrFeMnMoNi 

particles (bright particles, heavy elements) by mechanical milling. The EDS results give us some evidence about the chemical 

composition of composites is very close to the calculated compositions. 

 

 
Figure 2.  (a) FESEM-SE micrographs of sintered Al-based composites reinforced with: a) 1, b) 5, c) 10 and d) 20 wt. % of 

nanocrystalline CoCrFeMnMoNi powder particles, and e) X-ray diffraction patterns of aluminum composites as a function of 

HEA particles content.  

https://doi.org/10.1017/S1431927618011947 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927618011947

