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ABSTRACT 

In this paper, wear characteristics of hybrid composite of Al6061 was studied. Hybrid composite was reinforced 

with silicon carbide (SiC) with varying (3%, 6%, 9%) weight % and keeping the alumina (Al2O3) with constant (10) 

weight percentage. Stir casting method was used to fabricate the composite. T6 heat treatment was applied on the sample 

before doing the wear test. Pin on disc apparatus was used to perform the wear test. SEM was performed to do the 

microstructural analysis. It was found that hardness and density of samples increased as the percentage of SiC 

increases. L9 orthogonal array was applied to check the interaction between different wear parameters using the 

Taguchi technique. 
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INTRODUCTION 

MMC (metal matrix composite) is one of the topics on which so much work has been done in last decade. 

This is due to its advantages over conventional monolithic material system. In modern engineering application we 

need materials which improve the efficiency of our system and reduce the losses. [1, 2]The benefit of metal matrix 

composite is that we can tailor its properties as per our need. In metal matrix composite, continuous phase said to 

be as matrix and non-continuous, dispersed phase is reinforcement which can be in the form of particle, flake or 

fibre. Because of these reinforcement MMCs possess superior properties than the matrix material. Usually the 

matrix materials used in MMCs are light metal such as Al, Mg and Ti etc. [3, 4] However AMCs (aluminium 

matrix composite) are the most utilized ones this is due to its properties such as excellent wear resistance, 

satisfactory corrosion resistance, good thermal conductivity and high strength to weight ratio. [5, 6, 7]AMCs have 

wide range of application in automobile industries, sport industries and in commercial usage. Another benefit of 

AMC over other MMC is cost; it is less expensive than other MMCs available. Reinforcement which is key factor 

of deciding the property of MMC does not preferred in continuous form in AMCs because discontinuously 

distributed ceramic particle have merits over continuously reinforced aluminium. [8, 9, 10] But discontinuously 

distributed conventional reinforcements have some constraints too which are its cost and its availability. [12]In 

some of the researches it was found that DRAMC has poor fracture toughness and ductility. [9, 12] To overcome 

this problem researchers have tried various ways one of those is reducing the size of the reinforced particle to 

Nano size but again it increases the cost of the composite. In developing countries industrial and agriculture waste 

such as rice husk, red mud etc. used as reinforcement with synthetic reinforcement and result shown that it 
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increases the property of composite significantly than the base alloy used.[13, 14, 15] 

Particle reinforced composites have shown excellent tribological properties and wear of composite is an important 

part of the study, but it is least focussed topic of tribology. When two surfaces are in relative motion to each other wear 

happens and it results into micro cracks and material loss. Wear of machine parts led to lower efficiency, power loss, and 

frequent part replacement. [16, 17, 18, 19, 20]By changing the mechanical parameters such as applied load, temperature, 

counter face hardness, sliding distance etc. and material factors wear properties of material changes. By adding solid 

lubricants as reinforcement into composite, the wear properties increase significantly. [21]In many research studies it was 

found that oxide formation on the contact surface of material reduces wear. On the other hand at higher temperature 

smoothly burnished layer formation occurs with a glaze. [22]A Researcher conducted an experimental study on Aluminium 

based metal matrix composite reinforced with Al2O3, it was fabricated by squeeze casting methodology result has shown 

that coarser particle has shown more homogenous distribution as compared to fine particles of reinforcement. It was found 

that finer particles of reinforcement led to segregation and porosity due to thermal mismatch of matrix material and 

reinforcement. AMCs can be fabricated by various processing techniques such as solid state processing as well as liquid 

state processing. [21] 

MATERIALS 

Base material and reinforcement are the deciding factors for the properties of any composite. We can tailor the 

properties of composite by varying the material. 

Matrix Material in Stir Casting Method 

Aluminium 6061 is used as matrix material to prepare the hybrid composite. Aluminium 6061 is a heat treatable 

alloy of 6000 series which is used in various industrial applications. Al 6061 has good mechanical properties which makes 

it preferable choice as matrix material in aluminium composite. Table 2.1 shows the chemical composition of Al 6061 and 

Table 2.2 shows the physical and mechanical properties of aluminium 6061. 

Table 1: Chemical Composition of Al6061 (wt. %) [23] 

0.15-
0.40 

0.15 
Max. 

0.8-1.2 
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Max. 
0.4-0.8 

0.25 
Max. 

0.04-
0.35 

0.06 
0.15 
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0.15 
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0.05 Max 
Each 

Balance 

Cu Mn Mg Fe Si Zn Cr Ni Ti others Al 
 

Table 2: Mechanical and Physical Properties of Al6061 [25] 

Density (g/cc) Modulus of 
Elasticity (GPa) 

Coefficient of Thermal 
Expansion (m/m-°C) 

Fracture Toughness (MPa√m) 

2.72 70 25 × 10-6 29.1 
 
Reinforcements in Stir Casting Method 

Silicon carbide (SiC) and Alumina (Al2O3) have been used as reinforcement with base material. Mesh size of Sic 

and Al2o3 is 80-100 and 70-230 micron respectively. In various research works it was found that SiC improves the 

hardness of composite and Al2O3 improves tribological properties of aluminium composites. 
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METHODOLOGY 

Fabrication Process 

In this work Alumina and SiC reinforced hybrid composite is prepared by stir casting technique. Al6061 was first 

heated above its melting temperature and then gradually its temperature decreased up to its semi solid state. Beside this 

reinforcements SiC (3, 6 and 9 wt %) and Alumina (10 wt% fixed) were preheated to 400°c and maintained at this 

temperature for 20 minutes. Preheating was done to avoid foreign particle and moisture. Preheating also promotes proper 

mixing. Mechanical stirrer was used to create the vortex in crucible before introducing Magnesium (1 wt%, fixed) and 

reinforcements. To increase the wettability of reinforcements with melted Al6061, magnesium was introduced. To obtain 

the homogenous mixture of reinforcements with matrix material mechanical stirring was continued for 6 minutes. After the 

stirring process mild steel die was used to cast the composite. After the 30 minutes composite was taken out.  

 

Figure 1: Muffle Furnace used to melt the Al6061 Alloy 

Sample Preparation 

The casted composite of three different compositions was machined on lathe machine into cylindrical shape. 

Dimension of the sample were kept 30mm height and 10 mm diameter.  

Hardness 

Hardness test was performed on Rockwell hardness machine. As aluminium is a soft material so the hardness test 

was performed on B scale. Load applied on the indentation ball was 60 kg-f. Pin was indented at various places on 

different sample and mean value was taken. 

Density 

The purpose of determining the density of the composite is to know the effect of reinforcement wt% on the 

density of the composite. Archimedes principal was used to calculate the density of the composite. To calculate the density 

we first calculate the mass of samples in air and then in water by using a setup. Formula was used to calculate the density 

is  

� =
�	

�	
��
  

Where, �
is mass of sample in air and �� is mass of sample in water and � denotes density of the sample. 

Wear Test 

Wear test was performed on pin on disc wear machine which helps to study the wear and friction characteristics of 
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the specimen. Tribological properties of specimen were tested under dry sliding condition at room temperature. Pin was 

held stationary perpendicular to the rotating disc. Computer monitor was facilitated to record the tangential force and wear 

with the help of electronic sensors. Emery paper of grit size 220, 320, 400, 600, 800 and 1000 were rubbed against the 

contacting surface of the pin to lessen the surface roughness. Acetone was used to clean the specimen before the test was 

performed. Wear loss is calculated through electronic balance machine of high precision (0.0001 gm). Schematic diagram 

of pin on disc machine is given in figure 2. 

 

Figure 2: Schematic Diagram of Pin on Disc Wear Machine 

Sliding speed at which test was performed are taken as 0.4, 0.8 and 1.2 in m/s and sliding distance are varied as 

2000, 4000 and 6000 in meter. Loads are taken as 1.5, 3 and 4.5 in kg-f. To design the experiment and analyse the result 

Taguchi technique is applied. By applying the Taguchi technique we can enhance the quality of the result. We applied L9 

orthogonal array to find the optimum result and to observe that which parameter is affecting the properties of composite 

the most. 

Experimental Design 

If we attempt to perform complete design of experiments (DOE) it will take so much time and money by adopting 

factorial design, we reduce the time. But as per design point of view it might not be the best option. Taguchi technique 

helps us to adopt orthogonal array and it is accurate and increase the quality of experimental results. In this research 

workL9 orthogonal array is used with a total of four factors of three levels each. Design summary and DOE as L9 

orthogonal array is shown in Table 3 and 4 respectively.  

Table 3: Design Summary 

Taguchi Array L9(3^4) 
Factors:  4 
Runs:  9 

 
Table 4: DOE as L9 Orthogonal Array 

Exp 
No 

% 
Value 
of SiC 

Load(kg-f) 
Sliding 

Distance(m) 
Speed(m/s) 

Weight 
Loss(gm) 

1 3 1.5 2000 0.4 0.0093 
2 3 3 4000 0.8 0.0414 
3 3 4.5 6000 1.2 0.1012 
4 6 1.5 4000 1.2 0.008 
5 6 3 6000 0.4 0.0242 
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6 6 4.5 2000 0.8 0.0264 
7 9 1.5 6000 0.8 0.0268 
8 9 3 2000 1.2 0.0265 
9 9 4.5 6000 0.4 0.0253 

 
RESULTS AND DISCUSSIONS 

Density 

Graph is plotted between density of specimen and the percentage variation of SiC in different composite sample. 

In graph we can see that as the percentage of SiC increases the density of composite is gradually increasing. This is due to 

increase in presence of SiC in the composite as its density is more than the matrix material.  

 

Figure 3: Density Variation Curve 

Microstructure Analysis 

Microstructure of composite and interface between reinforcement and matrix play the vital role deciding the 

mechanical and tribological properties of composite [21]. SEM (scanning electron microscope) images were taken of 

Al6061 alloy hybrid composite reinforced with Alumina and SiC. In figure 4 (a), we can observe the clustering of alumina 

particles. As this is a machined surface of composite sample and also due to air entrapment while introducing 

reinforcement during casting we see some porosities. Non homogenous mixture of reinforcement is found in figure 4 (a) 

and this is due to contact time variation during fabrication process of composite. In figure 4(b) reinforcement particles are 

found all over the surface but porosities are quite more than the figure 4(a). 

    

Figure 4 (a) Figure 4(b): SEM Images of Hybrid Composite 
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Hardness 

Reinforcements share the load and indentation with matrix material which we apply on composite. We can see in 

graph as we increase the wt% percentage of SiC in composite. Its hardness increases gradually. As we know SiC is a hard 

particle and it creates pinning effect which is the reason for increased hardness of composite. 

 

Figure 5: Hardness Graph with Respect to SiC wt% 

Wear Analysis 

In Table 5, by applying Taguchi technique test results are converted into S/N ratio. S/N ratio shows that how 

much quality of result digressing from the desired value. S/N ratio is of three classes i.e. nominal the better, smaller the 

better and larger the better. In this study smaller the better is selected because we want weight loss to minimum. Equation 

to calculate S/N ratio is as follows: [24] 

N= −10log���meanofsumofsquareofmeasureddata! 

Table 5: L9 OA with Columns of Weight Loss and S/N Ratio 

% Value of SiC Load(kg-f) Sliding Distance Speed Weight Loss(gm) SNRA1 
3 1.5 2000 0.4 0.0093 40.63034 
3 3 4000 0.8 0.0414 27.65999 
3 4.5 6000 1.2 0.1012 19.89639 
6 1.5 4000 1.2 0.008 41.9382 
6 3 6000 0.4 0.0242 32.32369 
6 4.5 2000 0.8 0.0264 31.56792 
9 1.5 6000 0.8 0.0268 31.4373 
9 3 2000 1.2 0.0265 31.53508 
9 4.5 4000 0.4 0.0253 31.93759 

 
Figure 6 and 7 show the effect of control factor on weight loss. By averaing the values of response for each factor 

level main efect plot for data means is plotted. The slope of graph lines is useful to determine relative magnitude of effect 

of factors. Figure 8 shows the interaction between different factors fow weight loss. By interactin plots we can observe that 

how much one factor is affecting another one.  
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Figure 6: Main Effect Plot for Means 

 

Figure 7: Main Effect Plot for S/N Ratio 

 

Figure 8: Interaction Plot for Weight Loss 
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Table 6 represents the response for means and ranking has been provided for each factor. The similar table is 

provided for signal to noise ratio. In response table for signal to noise ratio we can see that load is the factor which is 

ranked one and it implies load applied to the sample is affecting most the weight loss. And after load sliding distance, 

weight percentage of silicon carbide and speed are affecting the weight loss in the descending order. 

Table 6: Response Table for Means (Smaller is better) 

Level Percentage Load(kg-f) Sliding Distance Speed 
1 0.05063 0.0147 0.02073 0.0196 
2 0.01953 0.0307 0.0249 0.03153 
3 0.0262 0.05097 0.05073 0.04523 

Delta 0.0311 0.03627 0.03 0.02563 
Rank 2 1 3 4 

 
Table 7: Response Table for Signal to Noise Ratios (Smaller is better) 

Level Percentage load(kg-f) Sliding Speed 
   distance  
1 29.4 38 34.58 34.96 
2 35.28 30.51 33.85 30.22 
3 31.64 27.8 27.89 31.12 

Delta 5.88 10.2 6.69 4.74 
Rank 3 1 2 4 

 
CONCLUSIONS 

In this experimental work we studied the wear properties of hybrid composite reinforced with alumina powder 

with fixed wt.% (10%) and silicon carbide with varying wt.% (3%, 6%, 9%) using Taguchi technique. We also calculated 

the density and hardness of hybrid composite and did the micro structural study. From that following conclusions are 

withdrawn. 

• We find out that the density of hybrid composite increases as we increase the wt. % of silicon carbide. 

• We can conclude that, SiC plays the important role in increasing the hardness of the composite. As find out in 

graph (Figure 4) hardness gradually increases by increasing the wt% of SiC. 

• Taguchi technique successfully used to determine the triblogical properties of AMC with the help of MINITAB 

18. In predefined factors with three levels each in DOE load is the factor which is affecting the weight loss the 

most and in the response Table for S/N ratio we can see it.  

• The main effect plot for means shows that the weight loss increases with the increase in speed, sliding distance 

and load. With the increase in the content of SiC, weight loss first decreases and then increases. 
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