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Abstract. Al -based hybrid metal matrix composites were prepared through stir casting 

method by reinforcing aluminium oxide or alumina (Al 2O3) and boron carbide (B4C) particles 

into Al matrix with their varying proportions. The wear analysis of prepared hybrid MMCs 

was performed using the Pin-on-disc method and wear parameters were also optimized with 

objectives of minimizing the weight loss (WL) and coefficient of friction (COF) through 

integrated Grey-Taguchi techniques. Morphological analysis was also performed to explain 

the wear mechanism through a Scanning electron microscope (SEM). The maximum 

improvement in the weight loss of 71.33 % and in coefficients of friction of 35.35 % was 

found for the hybrid composites as compared to that of Al-alloy matrix. Further, the ANOVA 

results suggested that compositions has the maximum contribution of 94.47 %, sliding speed 

has 1.06 %, sliding distance has 1.04 %, and load has 3.16 % on the wear performance of the 

present hybrid composites. 
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Introduction  

In recent decades, the demand for metal matrix composites (MMCs) has been increasingly 

increased in different sectors of automobile, aerospace, sporting goods, and other industries 

on account of  their excellent properties of specific stiffness and strength, desirable coefficient 

of thermal expansion, and superior wear and corrosion resistance [1]. Among the available 

MMCs, Al is more preferred matrix material because of its low density, ease of fabrication 

ability and good engineering properties [2]. Aluminium-based MMCs have been utilized as 

newer materials in the field of high-performance tribological applications because of their 

improved mechanical properties, good wear resistance, higher thermal conductivity, and low 

coefficient of thermal expansion [3]. The aluminium based MMCs have been found to be 

utilized in the following parts: brake drums, pistons, connecting rods, drive shafts, cylinder 

liners, cylinder blocks, gears, valves, and suspension components etc. [4]. These composites 

can be fabricated by the following methods such as powder metallurgy, stir casting 

techniques, chemical vapour deposition, physical vapour deposition, and spray deposition. In 
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stir casting, the particles are mechanically well distributed with the help of a stirrer in the 

liquid ï particles mixture before the solidification [5]. 

Wear is one of the important material interface phenomenons that occur at an interface 

MMCs with hard particle reinforcement that offers superior wear resistance [6,7].  

Zhang et al. [8] reported that wear resistance of MMCs varies linearly with an increase in 

concentrations of reinforcement. Yu et al. [9] worked on Al6061-SiC composites and found 

that wear rate decreased with increasing applied load. A. Martin et al. [10] suggested that a 

characteristics physical mechanism involved in the wear process for 6061- Al 2O3 composites. 

Kumar et al. [11] prepared Al6063-10 % Si3N4 MMCs by the stir casting and found  

that the MMCs had a higher wear resistance in comparison to the base alloy. A similar  

type of observations was reported by Anand et al. [12] for the composite  

(Al6061-5SiC-4.5Porcelain). Zheng et al. [13] worked on TiB +TiC/ Ti6Al4V composites and 

suggested that if the reinforcement content of composites is increased the main wear 

mechanism is changed. Cygan et al. [14] observed a considerable change in wear rate of the 

composites due to changes in applied loads. A similar observation was also reported by Xiao 

et al. [15]. 

Abbas et al. [16] worked on CNTs/AZ31 composites fabricated by the stir casting 

process and found that the wear rate decreased substantially with rising CNT weight fraction 

as in both cast and aged materials because of their interfacial peeling effect of a magnesium 

alloy of AZ31. Ambigai and Prabhu [17] investigated the tribological behaviour of 

AlīGrīSi3N4 hybrid composite under dry sliding conditions and they concluded that the 

sliding distance was significant parameters followed by the applied load. In another research 

work, it was suggested that the sliding velocity was found to be the most significant parameter 

followed by the reinforcement percentage, sliding distance, and contact stress [18]. 

Muthu [19] worked on LM25-SiC-Cu hybrid MMCs and observed that the sliding velocity 

was more dominating parameter than the load and sliding distance. It was also reported that 

wear rate could be significantly affected by types and concentrations of 

reinforcements [20,21].  

From the above discussion, it is clear that a good number of works are reported on wear 

analysis of MMCs, and wear resistance was found to be significantly affected by 

concentrations and types of reinforcements, wear parameters, temperatures and fabrication 

process of composites. It was also observed that hybrid MMCs exhibited better wear 

resistance than single reinforced MMCs. However, study on the effect of variations in 

proportions of reinforcements on wear resistance of hybrid MMCs is not attempted so far. 

Therefore, wear analysis and optimization of process parameters using hybrid GRA-Taguchi 

method for hybrid Al-based MMCs reinforced B4C and Al2O3 particles are presented in this 

work.  

 

Experimental details 

Materials. For the development of Al alloy (6061) based hybrid MMCs, two types of 

reinforcement were as such: Al2O3 (purity 99 % and 100-325 mesh size) and B4C (purity 

99 % and 400 mesh size).  All the consumable materials were purchased from UMA Scientific 

traders, Prayagraj, India. 

Fabrication of composites. The present hybrid MMCs containing a constant wt.% of 

reinforcement of 6 with varying proportions of Al 2O3 and B4C particles were prepared by two 

stages of stir casting process. The small pieces of Al alloy were placed into a graphite crucible 

for melting inside an electric coil furnace heated to 750 ÁC. Then, Al 2O3 and B4C particles 

along with empty crucible were preheated to 400 ÁC. Thereafter, preheated powders were 

mixed into molten Al alloy using a stirrer (600 rpm) in two consecutive steps of 3 wt. % each 

for half of 10 min. For the duration of the mixing process, there was a temperature crash of 




