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Abstract 

 

Material plays an important role in today’s world. In a number of specialized 

application areas, composites can be alternatives to conventional materials. It has 

been demonstrated that aluminium matrix composites reinforced with various 

discontinuous reinforcement materials have potential for application in automobile, 

marine and aerospace industries. So, efforts are made to study wear properties of Al-

Mg-Si (Al 6061) based hybrid composites containing mica particulates of 200 

microns and short e-glass fibers of 2-3 cm length in different compositions and with 

different aging conditions. Vortex type of stir casting was employed in which 

preheated reinforcements were introduced. 

The test specimens were machined to ASTM standards and were subjected to solution 

heat treatment and artificial ageing. Double aging was carried out on the specimens 

with strain (stretching) and without strain. The Specific wear rate is studied and 

results are discussed. Considerable improvement in wear rate was observed in double 

aged with strain /stretching over double aged without strain, single aged and as-cast 

condition. The microstructures of the composites were studied to know the dispersion 

of the mica and e-glass fiber in matrix. It has been observed that addition of 

reinforcements significantly improves the properties as compared with that of un-

reinforced matrix. SEM analysis of the worn out specimens shows an improvement in 

wear resistance. The experimental results were validated using Artificial Neural 

Network and the predicted ANN results are correlated with the experimental values. 

 

Keywords: Mica, E-glass, Al6061 hybrid composite, single aging, double aging, 

straining/ stretching, SEM, ANN. 
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Introduction 

Metal Matrix Composites (MMCs) have received increasing attention in recent 

decades as an engineering material. Aluminium Matrix Composites (AMCs) are used 

considerably in recent years, as it exhibit better mechanical properties than 

unreinforced aluminium alloy. They have high ratio of strength/density and better 

wear resistance, hence find applications in tribological parts in marine, aerospace, 

automobile, etc. The introduction of a ceramic material into a metal matrix produces a 

composite material that results in an attractive combination of physical and 

mechanical properties, which cannot be obtained with monolithic alloys (1-6). Interest 

in particulate reinforced MMCs is mainly due to easy availability of particles and 

economic processing technique, adopted for producing the particulate reinforced 

MMCs. The most conventional method of production of composites by casting route 

is vortex method, where the liquid aluminium is stirred with an impeller and ceramic 

particles are incorporate into vortex formed by stirring of the liquid metals. Addition 

of 1-2% of Mg into the liquid metal reduces the surface tension (8) and there by 

avoids the rejection of the particles from the melts. 

The microstructure produced in 2024 with and without a 6% stretch prior to aging for 

12 h at 175 °C illustrates the effect of the stretch on increasing the number density of 

precipitates, and the strength/fracture toughness relationship is improved (10). To 

simulate complex PMC problems like composite design, process optimization and 

property analysis of the composite ANN is the best solution because it reduces many 

complex experiments to be carried out as the property of the materials can be 

predicted before testing and manufacturing. 

This paper presents preliminary findings on the influence of stretching, aging and re-

ageing called double ageing on the wear resistance of aluminium alloy 6061 based 

hybrid composite. Then the experimental results are validated using ANN. The 

experimental and the predicted results are shown. 

 

 

Materials and Methods 

The matrix material used is Al 6061 alloy, which exhibits excellent casting properties 

with reasonable strength. This is a popular aluminium alloy which is heat treatable 

and is suitable for mass production of starting lightweight metal castings. The 

chemical composition of the Al 6061 alloy is shown in the Table-1. White Mica of 

200 microns was selected as particulate form reinforcement. E-Glass fiber of 2-3 mm 

length and 0.2mm in diameter is also considered as fiber reinforcing material. The 

chemical composition of the Mica and E-Glass fiber are given in the Table-2 and 3 

respectively. 

 

Table 1: Chemical composition of Al 6061 by weight percentage. 

 

Sl. No. Elements Values in % 

1 Chromium 0.25 

2 Copper 0.30 

3 Magnesium 1.15 
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4 Zinc 0.15 

5 Iron 0.5 

6 Manganese 0.10 

7 Silicon 0.50 

8 Titanium 0.10 

9 Aluminum Balance 

 

Table 2: Chemical composition of Mica particulates by weight percentage. 

 

Sl. No Elements Value in % 

1 SiO2 46.25 

2 Al2O3 33.85 

3 Fe2O3 4.65 

4 CaO 0.63 

5 MgO 0.9 

6 TiO2 0.18 

7 Na2O 0.55 

8 K2O 9.26 

9 P 0.022 

10 S 0.012 

11 Others Remainder 

12 Moisture 0.20 

 

Table 3: Chemical composition of E-Glass fibre by weight percentage. 

 

Elements SiO2 Al2O3 B2O3 Fe2O3 CaO MgO TiO2 Na2O+K2O 

Value in % 54.98 14.66 7.05 0.37 20.33 0.86 0.30 1.36 

 

 

Preparation of the Composite 

Al 6061 alloy was melted at 700
0
C, which is superheated by 100

0
C above the liquidus 

temperature of the matrix alloy. The vortex technique was adopted to fabricate the 

specimens in which a vortex was created in the melt of the matrix alloy using Al2O3 

coated mechanical stirrer. 1% of Mg [14], which improves the wetability of the 

reinforcements, was added before introducing reinforcing materials. The preheated 

Mica particulates and E-Glass short fibers (400
0
C) were introduced into the molten 

slurry. Stirring was carried out continuously till the interface between the particles, 

fibers and the matrix promotes wetting and then finally poured into the metallic 

mould. 10 specimens of various compositions were produced as shown in table 4. 
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Table 4: Various Compositions of reinforcement 

 

Sample Reinforcements AA6061 

E-glass fiber Mica particulate 

A0 0% 0% 100% 

A1 1% 1% 98% 

A2 1% 2% 97% 

A3 1% 3% 96% 

A4 2% 1% 97% 

A5 2% 2% 96% 

A6 2% 3% 95% 

A7 3% 1% 96% 

A8 3% 2% 95% 

A9 3% 3% 94% 

 

 

Heat-Treatment 

The procedure for heat treatment involves the following steps 

i)  Solutionizing  

ii)  Quenching  

iii)  Stretching/Straining  

iv)  Two-step aging 

a)  First step at lower temperature (single aging)  

b)  Second step at higher temperature (double aging) 

 

Solutionizing & Quenching:  

Solution treatment for 2 hrs, soaking temperature of 480
0
C was adopted followed by 

oil (SAE30/40) quench at room temperature was carried out.  

 

Stretching/Straining:  

One set of specimens are permanently deformed by 10% by applying external 

pressure. This is carried out immediately after the quenching, before precipitation 

starts and material becomes harder. (Before 6 Hrs) 

 

Aging: Single aging:  

This step is carried out at a temperature of 120
0
 C for a period of 16 hrs. 

 

Double aging:  

After the first step aging, second step aging is carried out at 175
0
C for period of 16hrs. 

 

 

Results and Findings 

Microstructure analysis 

Figure-1to4 shows typical microstructure of the Al 6061 as-cast alloy and Hybrid 

Composites containing 2% Mica and 2 % e-glass fiber. Precipitations were evident 
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both along and across grains. Micrograph clearly reveals minimal micro porosities in 

the casting. No clustering of reinforcements was observed in the matrix, and the 

dispersion of Mica particles and e-glass short fibers is seen to be almost uniform. 

Figure 3 and 4 shows there is good bonding between matrix material and the 

reinforcements. Also it is clearly evidenced that the particulates are concentrated in 

the boundary region which is clearly visible and it indicates good bonding strength. 

The grain structure in double aged with stretching is denser than other conditions 

because of nucleation of precipitates and external pressure; hence this stabilized 

microstructure gives better wear resistance property as in figure 4. It clearly indicates 

that fewer gaps are observed between the particle and matrix and between the fiber 

and the matrix. 

 

 
 

 

Figure 1: Microstructure of as-cast 

Al6061 Alloy 

 

Figure2: Microstructure of Single Aged 

Composite 

 
 

 

Figure3: Microstructure of Double Aged 

Composite 

Figure4: Microstructure of Double Aged 

with streching Composite 

 

 

Wear Test 

Wear test was conducted on a computerized pin-on-disc wear-testing machine [TR-

201C, DUCOM make]. Dry sliding wear characteristics of the aluminium alloy and its 
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composites as per ASTM G99-95 standards were carried out. Test specimens were cut 

from the test castings, machined to pins of size 8 mm diameter X 30 mm height, 

polished and subjected to wear tests. All the wear tests were conducted at a load of 

1Kg for 10 minutes duration and at room temperature. 

 

 
 

Graph 1: Specific wear rate of samples with various Mica and E-glass Compositions 

with different aging conditions. 

 

 

Graph 1 shows the plot of wear rate versus different samples at different ageing 

conditions. The plot shows decrease in wear rate as there is increase in reinforcement 

in the matrix material. The wear rate also decreases with different ageing conditions 

which are evidenced in the graph. Samples with double aged with stretching have 

resulted in the best wear resistance compared to as-cast, single aged and double aged. 

The increase in wear resistance is due to the precipitation of Silica in aluminium 

matrix and formation of Mg2Si (Magnesium Silicade) intermetallic phase as shown in 

figure5. The microstructure results show finer grain structure in double aged than 

single aged and as-cast. The grain structure in stretched components has very fine 

grain size due to re-crystallization during thermo-mechanical process. Hence finer the 

grain size the better is the hardness and lower the wear rate. 

 

 
 

Figure5: Optical micrograph of the composite produced (2% E-glass and 3% Mica – 

A6) 
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The SEM micrographs of as-cast shows deep grooves on the surface indicating more 

wear. The presence of dark patches represents transfer of a layer of material as 

bonding between matrix and reinforcement in not strong. However the SEM 

micrographs of single aged, double aged and stretched with double aged specimen 

show less deeper grooves indicating good bonding as shown in figure 6 to figure 9. 

 

 
 

 

Figure 6: SEM micrograph of the worn 

end of as-cast alloy pin (2% E-glass and 

3% Mica) 

 

Figure 7: SEM micrograph of the worn 

end of single aged pin (2% E-glass and 

3% Mica) 

 
 

 

Figure 8: SEM micrograph of the worn 

end of double aged pin (2% E-glass and 

3% Mica) 

Figure 9: SEM micrograph of the worn 

end of double aged with strain/stretched 

pin (2% E-glass and 3% Mica) 

 

 

Predicting using ANN 

In the present study a database of 40 values were used to predict the results using 

ANN. A back propagation algorithm was used for optimization in which the weights 

and bias were used. Experimental results are fed into the neural network and 

corresponding weights and bias are extracted. These weights and bias are integrated to 

calculate and predict the values. After the training of the software, it is necessary to 

check the performance of the software by validating the experiment and determine if 
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any changes need to be made to the training process, network architecture or the data 

sets. The predicted and experimental results of the wear rate of the hybrid composite 

with different reinforcements given by neural network are as shown below. 

 
 

Figure 10: Plot of experimental values V/s Predicted ANN values in AS-cast 

condition 

 
 

Figure 11: Plot of experimental values V/s Predicted ANN values in Single aged 

condition 

 
 

Figure 12: Plot of experimental values V/s Predicted ANN values in double aged 

without strain condition 

 
 

Figure 13: Plot of experimental values V/s Predicted ANN values in double aged 

with strain condition 

 



Evaluation of Wear Properties of Al-Mg-Si Based Hybrid Composite 9 

Conclusion 

This study conducted on Al6061 based hybrid composite material with mica and 

Eglass as reinforcement material with different aging conditions the following 

conclusions can be made: 

1. Using stir casting method, mica and e-glass fiber can be successfully 

introduced in the Al6061 alloy matrix to fabricate hybrid composite material. 

2. Microstructure studies indicate there is uniform distribution of reinforcement 

in the matrix and the as-cast has course grain structure with particles in the 

form of needle and flakes. 

3. After heat treatment and ageing, grain structure has refined to fine structure 

and it is observed that the after stretching the grains are finer with no voids. 

4. There is decrease in wear rate as increase in reinforcement and with different 

ageing conditions. Samples with double aged with stretching have resulted in 

the best wear resistance compared to as-cast, single aged and double aged i.e., 

54.5% more compared to as cast. 

5. The increase in wear resistance may be attributed to the precipitation of Silica 

in aluminium matrix with formation of Mg2Si (Magnesium Silicade) 

intermetallic phase during solution heat treatment and ageing. And also due to 

re-crystallization during Stretching/straining process which has led to finer 

grain size leading to better hardness and lower the wear rate. 

6. The SEM micrographs of Al6061shows very deep grooves and valleys and 

also the material are torn out. But in as-cast with different reinforcement the 

groves are less deep as the reinforcement particles resist wear rate. 

7. Single aged shows grooves on the surface indicating more wear and dark 

patches representing transfer of layer of material as bonding between matrix 

and reinforcement in not strong but however SEM micrographs of double aged 

and double aged with stretching specimen show less deeper grooves indicating 

good bonding. 

8. The experimental results of the wear resistance property were validated using 

ANN algorithms and the prediction of ANN model is found to be in good 

agreement with the experimental data. 
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