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Abstract 

The majority of industrial applications use Metal Matrix Composites (MMCs) because of their strength-

to-weight ratio and temperature endurance. The specimens' tensile strength, impact strength, shear 

strength, hardness, and wear rate are crucial factors in the composite.  Al6082/granite particles wear rate 

is affected by the applied stress, sliding distance, sliding velocity, and weight percentage of the reinforced 

composite. The granite dust-reinforced material may be employed in engineering applications requiring 

low strength and weight. Wear is faster for Al6082/granite dust than MMC. Compared to MMC, 

Al6082/granite dust is less robust. The MMC density reduced by reinforcing Fly ash (FA) and Graphene 

Nanoplatelets (GNPs). Increasing the wt.% of GNP will increase the hardness of the MMC sample. The 

impact strength and shear strength increase from MMC 1 to MMC 3.  
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Introduction  

Aluminum alloys are highly ductile, castable, wear- and corrosion-resistant and strong. Aluminum alloy 

majorly used in aerospace and automotive industries as a result of its accomplished properties [1]. The 

composite performs improved distribution of graphite, according to an analysis of aluminum graphite 

composites' microscopic structure.  

 
Fig.1. Basic composition of Al6082+granite materials 

 

Figure 1 shows the basic idea for the selection of two materials to be a composite material with the 

different weight percentage (wt.%). Here the fig.1 mentioning that, the Al6082 is a raw material and the 

granite particles are the reinforcing materials as per the selection of different wt.%. 
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Fig.2. Basic composition of MMC materials 

 

Figure 2 represents the MMC materials composition with different wt.% of Magnesium (Mg), Fly ash 

(FA) and Graphene Nanoplatelets (GNPs). The selection of two different composites like MMC and 

Al6082+granite particles has been selected to study the microstructure, mechanical properties and wear 

behavior for the test samples. Figure 3 shows that the conversion of raw material to test samples. 

 
Fig.3. Conversion of raw material to test samples   

 

The composite specimen prepared at 600 rpm stirrer speed performs, good surface hardness, an 

outstanding compression and tensile strength. The increased sliding distance result that, weight and wear 

volume loss tend to rise [2]. The porosity of stir cast LM6 aluminum alloy reinforcement, which has the 

composition Al+2Mg+0.5Ti+2.5Cu+7SiC, is calculated to be 4.59%. Compressive yield strength is 

decreased by heat treatment and is controlled by the geometry of the composite specimen, whereas 

malleability and energy dissipation are significantly increased [3]. 

 

The dendritic microstructure with intermetallic eutectics was observed in as-stir cast AA6082 MMC with 

2.5 & 5 wt.% of SiC reinforcements [4]. MMC produced by Al, result greater mechanical properties and 
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tribological behavior. The composite exhibits a low weight to strength ratio, a low wear rate, a low 

coefficient of friction, and also exhibits a low level of corrosion resistance [5]. Magnesium & corrosion 

are inextricably linked. When casting magnesium alloys, the presence of inclusions or impurities in the 

melt is a significant problem. The structural uses of Mg alloy in the aerospace and automotive industries, 

as well as its future potential and restrictions, have been examined [6]. The mechanical fragmentation of 

reinforcements brought on by the vigorous material flow during stir processing significantly reduced the 

lateral size of graphene oxide (GO) nanoplatelets. In comparison to friction stir processed (FSPed) AZ31 

alloy, the reinforced composite containing 1.6 vol% of GO was both stronger and more plastic. [7]. Milled 

granite filler is added to reduce total pore volume, water absorption, and water penetration. In comparison 

to unground granite, samples with finely ground granite added to them have greater compressive strength 

[8].  

 

Graphene nanoplatelets (GNPs) have much higher in-plane strength than they do out-of-plane strength. A 

genuinely homogenous distribution of GNPs and between GNPs and metal matrices cannot be achieved 

in a realistic manner [9]. As the amount of filler added increases, the thermal expansion coefficient 

decreases, as seen in composites filled to 50% volume versus composites filled to 20% volume. The 

thermal insulating and stability properties of waste granite scrap material reinforced composites are 

excellent [10]. Granite's thermal conductivity ranges from 2.87 to 3.75 W/mK, limestones from 2.82 to 

3.17 W/mK, and marbles from 2.86 to 3.02 W/mK [11]. Test results shows that engineering properties of 

granitic rocks vary significantly. The unconfined compressive strengths (UCS) for dry samples ranges 

from 120 MPa to 175 MPa and from 119 to 170 MPa for saturated samples [12]. The use of red mud is a 

pressing issue in India, despite the fact that many applications established on a laboratory rule [13]. 

 

Microstructure Study 

Mg-4Zn was employed as the matrix alloy and Si3N4 nanoparticles were used as reinforcement in a 

magnesium nanocomposite that was created by the stir casting technique. The micrographs display an 

equiaxed dendritic microstructure. The semi-continuous interdendritic networked phases seen at grain 

boundaries are most likely intermetallic compounds (IMCs) [14]. To confirm the microstructure, modified 

A356 was subjected to microstructural examination. It is made up of a rounder, less angular interdendritic 

network of eutectic silicon particles and Mg2Si particles dispersed throughout the structure in an 

aluminum solid solution matrix [15]. Composite materials were created by reinforcing cerium oxide with 

a magnesium matrix. The reinforcement wt.% is varied by 3, 6, 9 & 12. The SEM pictures of the worn 

surface exhibit fine-grained ceramic oxide in the matrix [16].  Using AA6061 as the matrix material and 

a new combination of SiC, Fly Ash & Graphite (Gr) as reinforcing elements, stir casting is used to generate 

hybrid composites made of aluminum and metal. Compared to cast aluminum alloy, the composite 

material has finer grain structure [17].  

  

Mechanical Performance  

Aluminum Copper used as base matrix and reinforcement used as fly ash and B4C to develop the 

composite.  An Al-4.5 wt% Cu matrix was used to strengthen a composite made of 3 wt% and 5 wt% fly 

ash and 2, 4 and 6 wt% of B4C. Compared to stir casted composite samples with 50 mm & 75 mm 

diameters, those made with a 25 mm diameter performed better mechanically [18]. Aluminum alloy 

AA2014, which has a density of 2.80 g/cm3, served as the matrix material. The B4C material used as 
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reinforcement with a 2.52 g/cm3density. Inside the AA2014 matrix material, boron carbide was found to 

be distributed uniformly. A reinforced B4C composite weighted at 10% produced the highest hardness and 

tensile strength. By raising the weight percentage of B4C, toughness, ductility, and density are decreased 

[19]. The composite of AA6063 Al alloy prepared with the reinforcement of fly ash (FA) wt.% of 0-9 with 

3% steps.  The mechanical properties improved up to 6 wt.% of FA content addition, further it is 

decreasing [20].  

 

Utilizing the stir casting technique, SiC, FA, and Coconut Coir Ash were employed as reinforcement to 

create the AA6061 hybrid metal matrix composite (HMMC). As the weight proportion of coconut Ash in 

HMMC grows, hardness improves. As the weight percentage of coconut ash increased, the tensile 

characteristics declined [21]. Fly ash and basalt ash were used as reinforcement in the preparation of 

Al6061 MMC. The incremental value of fly ash in wt.% increased the tensile and impact strength. With 

the weight fraction of basalt ash wt.% growing, the composite sample's hardness is likewise rising [22]. 

Alumina is reinforced with a hybrid reinforcement of as received fly ash. It has low density & better 

mechanical property [23]. Al-Si alloys are made-up with the reinforcement of zinc oxide as 0.05, 0.1 & 

0.2 wt.%. The maximum tensile strength & hardness values for the 0.2 wt.% reinforced zinc oxide sample 

were 23.9 kg/mm2 and 134.4 HV, respectively [24]. Evolution of thermal loading-induced damage within 

granite was investigated. Angle between the loading direction, microstructural surfaces, and microcracks 

all have an impact on granite's bearing capacity and other mechanical characteristics [25].  

 

Mechanical behavior of granites under tension & compression was investigated using 178 different 

granites. The database was expanded and a trial campaign on granite from southern France was presented. 

The compressive strength of this rock is 158 MPa, which is 15% more than the average value for all the 

granites in the database 138 MPa [26]. Aluminum alloy AA6061 reinforced with different concentrations 

of fly ash particles with 0, 4, 8 & 12 wt.% was created using the compocasting technique. In the Al matrix, 

homogeneous FA particle dispersion with excellent bonding was achieved. Microhardness and UTS 

improved with the addition of FA [27]. In the study of granite, the thresholds of 15 MPa pressure and 

2000C temperature were used. [28]. LM25 aluminum alloy reinforcement samples made with FA at a fly 

ash content of 3 weight percent and varied Al2O3 wt.% of 5, 10 & 15. Composite materials' tensile strength 

and hardness increased as the wt.% of Al2O3 increases up to a certain limit. Because the reinforced material 

with the metal aluminum matrix has low wetability, tensile strength declines when reinforcement is 

increased. Charpy test demonstrated that increasing the reinforcement wt.%, reduces impact load 

absorption. Microstructure analysis produced homogeneous distribution of FA and Al2O3 particles in the 

matrix [29]. To investigate compressive behavior of granites and sandstones porosity is an important 

factor. Porous rocks have a visibly reduced compressive strength and a larger strain at maximum stress 

[30].   

 

Wear Performance  

In order to create Al-based 6082 metal matrix composites (AMMCs) using the stir casting technique, 5 to 

10 wt.% of graphite was employed as reinforcement. The surface hardness and tensile strength of the 

composite specimen decreased with an increase in the weight percentage of Gr [31]. Hardness of 

developed composite (AA6061 & AA6082) sample improved for the addition of ceramic particles [32]. 

Matrix and reinforcement phases are made of copper and Silicon Carbide (SiC)-Fly Ash by using powder 
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metallurgy. A set of specimens made with two composites by 95 wt.% of Cu and 5 wt.% of SiC as set 1, 

90 wt.% of Cu, 5 wt.% of SiC and 5 wt.% of FA as a set 2.  Friction coefficient & wear rate are proportional 

to applied load [33].  

 

Using the stir casting technique, Al-Si alloy (A356) is created with granite and graphite particle 

reinforcement. CoF for the hybrid reinforced graphite and granite A356 aluminum alloy composite 

decreased with an increase in the wt.% of the particle reinforcement and sliding time [34]. Aluminum 

7075 Hybrid MMC developed by using stir casting process. Wear rate rises as Al2O3 content, applied 

stress and sliding distance all increase. As the applied load increases and the sliding distance reduces, the 

friction force increases. As the sliding distance and applied load decrease, CoF rises [35].  

 

SiC and Ti were added to an Al matrix composite by the use of the stir casting technique. Composite with 

a 3 wt.% of silicon content results low wear rate. As the silicon content rises, the wear rate rises as well. 

Adding titanium beyond a certain limit reduces bond strength between the particles and it results lowering 

wear resistance at 10 to 30 N applied load. Wear rate and wear resistance behavior both increase with 

increasing load [36].  

 

Wear rate increased as applied load increased, but it decreased as sliding speed increased [37]. Al alloy 

(A356) composite developed with FA particle reinforcement of 6 and 12 vol.%. Up to 80 N applied load, 

composites outperform unreinforced alloys in terms of wear resistance. The wear and friction properties 

of composites are significantly influenced by the size and volume fraction of FA particles [38].  

 

Composite prepared by using vortex method via the liquid metal route. With the addition of 10% of fibers, 

the wear rate was lowered by 40%, the Copper-coated steel fibre wt.% ranged from 2.5 to 10. Composite 

exhibit an improved wear property when compared to base metal [39]. Al composite yielded with SiC 

particle reinforcement. With increasing abrasive size, applied stress, and sliding distance, the matrix and 

composite materials' wear rates increased [40].  

 

Conclusions 

Metal Matrix Composites (MMCs) are used in high-strength industrial applications because of their 

weight-to-strength ratio and tolerance to temperature. Applied stress, sliding distance, sliding velocity, 

and wt.% of composite with reinforcement all affect how quickly Al6082/granite sample wears out. The 

input parameters for Al6082/granite particles enhanced the abrasion resistance of aluminum alloys, and 

this granite dust-reinforced material could be used in engineering applications requiring light weight 

applications. 
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