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ABSTRACT 

In this investigation depend on composites of Al6063 alloy mechanical properties enhancement by mixing the Silicon (Si), Graphite (Gr) and 

Fly ash. In this case four combinations of specimens were created for investigation. 90% of Al6063 alloy and 5% of Silicon maintained for all 

the specimens. Graphite used from 1% to 4% with one percentage of incremental and Fly ash from thermal power stations added from 4% to 

1% with one percentage of decrement in composite composition. Ultimate tensile strength, yield strength, percentage of elongation and hardness 

were mainly focused to study. 
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1. INTRODUCTION 

 

Enhancement of desirable mechanical properties of 

materials focused in many of the researches. Hybrid 

composites of aluminium hold a variety of applications under 

critical working atmospheres [1]. The Al-hybrid composites 

post better mechanical properties than the base material and 

conventional composites. The risk associated with Al-hybrid 

composites lies with selection of appropriate reinforcement 

particles and there proportions [2]. The waste materials that 

are derived from industrial process and agricultural waste can 

be used for making Hybrid AMC’s. The combination of added 

material to the base material can moderate the properties of the 

base material depend on the added material properties [3]. 

Need of number of properties leads to increase the added 

materials list in the base material [4]. Desired properties can 

be achieved by varying the percentage of the adding materials 

in the base material. In this investigation Silicon, graphite and 

fly ash content mingled with the Al6063 aluminium alloy with 

percentage of weight basis. The hardness of the hybrid 

composite has been increased by 11 % due to addition of the 

steel particles in proportions of weight ranging between 4 % 

and 8% [5, 6]. 

Also, the tensile strength increased with addition of steel. 

But, the mechanical properties decreased increase in SiC 

content and with increase in graphite [7]. Aluminium based 

hybrid composites with varying concentrations of the steel, 

steel-SiC mix and Steel-graphite mix showed better 

mechanical properties when compared to the base material. 

With addition of B4C and MoS2 to Al 2219, an increase in 

density was achieved when compared to the base material [8]. 

It also proved that Stir Casting Method can be used for making 

aluminium based hybrid composites as not much difference in 

densities were recorded between the base material and the 

composites that were casted. An increase in micro hardness 

and decrease in tensile strength was also recorded with the 

reinforcement of the B4C and MoS2 particles to the base 

material [9].  

Addition of B4C in increasing concentrations elevated the 

micro hardness of the developed composite. The decrease in 

yield strength and the tensile strength was due to the increase 

of the MoS2 particles. The hybrid AMC developed by 

reinforcing MWCNT and SiC was characterised with 

improved hardness and wear resistance. The wear resistance 

was improved with increase in % weight contribution of 

MWCNT [10-12]. Reinforcement of SiC and TiB2 increases 

the hardness of the developed composite. Further, the tensile 

strength of developed composites has decreased with the 

addition of TiB2. Also, addition of TiB2 has improved the 

wear resistance of the drastically when compared to base alloy. 

Formation of cluster was identified the when the developed 

composite surface. This is due to the increased reinforcement 

of TiB2 with aluminium alloy [13]. 

Hybrid Composites of Al reinforced with SiC and RHA 

particles of equal concentrations is characterised with low 

densities. This results in increase in tensile strength with the 

increase in weight proportions of the reinforcement particles 

[14, 15]. The elongation behaviour of the developed composite 

has decreased as the material is of ductile in nature. Age 

hardening was seen with the developed composites at very 

lower time leading to hard surface formation. Complicated 

shapes can be made economically by using stir casting method 

with regard to hybrid composites [16-18]. Fiber can be evenly 

distributed uniformly with high volume of fiber using 

diffusion bonding. But this bonding strategy is not suitable for 

making complicated and intricate shapes [19]. Finer grain 

sizes and lower segregation can be obtained in the surfaces of 

the developed composites with the help of deposition. 

Although it produces better grain sizes, the major problem 

associated with this process is its poor reinforcement capacity 

and its high cost. Also, only simple shapes can be made with 

this process [20]. Fly ash reinforced AA 6063 shows decrease 
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in density of the composite. This increases the porosity as well 

as the hardness of the developed composites. Also, the impact 

strength of the Fly ash reinforced composite increases with the 

increased proportion than the base alloy [21]. 

Based on the literature survey, the hybrid composites post 

better mechanical properties than the conventional composites 

and the alloys. The works aims at formulation and testing of 

hybrid composite by reinforcing the graphite, silicon and fly 

ash. The fly ash was selected for its property to increase the 

hardness of developed composite and its ability to decrease the 

density even though it produces porosity. Graphite has been 

selected for its ability to increase the tensile strength of the 

composites developed. Si tends to increase the density of the 

composite. Stir casting method was used to make the hybrid 

composite.  

 

 

2. EXPERIMENTAL PROCEDURE 

 

Table 1. Composition details of composites  

 
Composite number Al6063 Silicon Graphite Fly ash 

1 90% 5% 1% 4% 

2 90% 5% 2% 3% 

3 90% 5% 3% 2% 

4 90% 5% 4% 1% 

 

Here composites created with the proportions based on the 

table 1 by normal stir casting method. In all composites 

Al6063 maintained as 90 percentage and Silicon as 5%. The 

variation of percentage of remaining 5% is created by Graphite 

and Fly ash. Both of these two material variations create as per 

table 1 in each and every specimen. The prepared specimens 

were formed as per the needs of the mechanical property 

related tests like ultimate tensile strength, yield strength, 

percentage of elongation and hardness for conducting tests in 

smooth manner. UTM machine and Brinell hardness machine 

were used to measure the corresponding outcomes of the 

specimens. Al6063 and Si are same for all the specimens so 

the results describe about the participation of Graphite and fly 

ash content level in the composite.  

3. RESULT AND DISCUSSION 

 

Table 2 shows the experimental results. In Figure 1 

obviously shows the measured ultimate tensile strength values 

in MPa which increased with respect to the increasing 

percentage of Graphite and decreasing percentage of fly ash in 

the four combinations of composite. The lowest Ultimate 

strength was encountered for sample 1. The maximum value 

was recorded as 277 Mpa. Increase in graphite has increased 

the ultimate strength by 6.86 %. This indicates the increase in 

ductility of the developed composite. Also, it is evident that 

the fly ash has also improved the ultimate tensile strength of 

the composites. The addition of fly ash has reduced the density 

of the composite. But due to the addition of graphite the 

hardness has also increased. A linear increase in ultimate 

strength is recorded for increasing graphite percentage and 

reduced fly ash.  

The yield strength is normally found with ductile materials 

within the elastic limit. Normally the yield strength of a 

material is very much lesser than the ultimate strength. Here, 

the above said characteristics are being proved with the 

developed composite. It is observed that, the maximum yield 

strength is obtained for the composites with 3 % graphite and 

2 % fly ash as shown in Figure 2. The reason for increased 

yield strength is because of the balanced reinforcement of the 

graphite and fly ash at respective levels. The ability of flyash 

to reduce the density has compensated the ability of graphite 

to increase the density of the developed composite. The AMC 

developed has the lowest yielding capacity when 1 % of 

graphite and 4 % of fly ash is reinforced on the surface of the 

Al6063 alloy. Due to reduced percentage graphite and 

maximum fly ash reinforcement, the yield strength has 

reduced as the fly ash has the ability to reduce the density. A 

linear increase in yield strength was noted with simultaneous 

increase in graphite percentage and reducing fly ash 

percentage upto a reinforcement level of 3% graphite and 2 % 

of fly ash. The yield strength has reduced beyond the above 

notified percentage of graphite and reduced level of fly ash 

below 1%. This has been noted in sample 4. A 10.68 % of 

increase in yield stress has been achieved when compared to 

the lowest that was recorded with sample 1. 

 

Table 2. Experimental Results 

 
Composite number % of Elongation Ultimate Tensile Strength (Mpa) Yield Strength (Mpa) Brinell Hardness (BHN) 

1 9 258 163 84 

2 8.74 263 170 89 

3 8.13 270 182.5 91 

4 8.8 277 165 86 

 
 

Figure 1. Ultimate tensile strength 

 
 

Figure 2. Yield strength  
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Figure 3. Percentage of elongation 

 

 
 

Figure 4. Hardness 

 

The effect of simultaneous increase in graphite and 

reduction in fly ash reinforcement over the percentage of 

elongation has been elaborated in Figure 3. It is noted that, the 

percentage of elongation has reduced with the simultaneous 

increase in graphite and reduction in fly ash reinforcement to 

Al 6063 alloy in exponential fashion. The elongation 

behaviour has reduced in linear mode up to 3 % graphite and 

2 % fly ash reinforcement. Due to the increased density of the 

sample 4 in comparison with sample 1 and 2, the percentage 

of elongation has increased. This proves that the ductility of 

the material has been altered by the reinforcements made on 

Al 6063 alloy. Also, the toughness of the material has also 

been altered which is indirectly proportional to the ductility of 

the developed AMC. The elongation characterises was found 

to high with sample 1 which had 1 % graphite and 4 % fly ash 

reinforced to the alloy. A 9.67 % of increase in elongation has 

been achieved when compared to the lowest percentage of 

elongation that was recorded with sample 3. 

The hardness of the AMC’s has varied exponentially. The 

maximum hardness has been recorded with the same level of 

reinforcement of the sample that had the maximum yield 

strength. It proves that, yield strength and the hardness of the 

developed AMC are directly proportional. This resembles with 

the characteristics of the metal which have higher weight that 

than the developed AMC. It is noted that the minimum 

hardness was found with the sample 4 which has 1 % of fly 

ash and 3 % of graphite reinforced over the alloy. Due the 

ability of fly ash to reduce the density of the material, the 

hardness has reduced for sample 4. A linear increase in 

hardness was noted with simultaneous increase in graphite 

percentage and reducing fly ash percentage up to a 

reinforcement level of 3% graphite and 2 % of fly ash as shown 

in Figure 4. A 3.84 % of increase in hardness has been 

achieved when compared to the lowest hardness that was 

recorded with sample 1. 

Reduced ultimate tensile strength related to increasing 

percentage of Fly ash with other composition in composites 

was noted clearly. Accelerated and decelerated measured yield 

strength values plot related to increasing percentage of Fly ash. 

The incremental percentage of elongation related to increasing 

percentage of Fly ash mentioned observably.  

 

 

4. CONCLUSION 

 

In this investigation of mechanical behavior on Al6063 

alloy with Silicon, Graphite and Fly ash used composites bring 

into being the following conclusions. 

✓ The Ultimate tensile strength values of specimens 

directly proportional to the percentage of Graphite 

and inversely proportional to percentage of fly ash in 

the total percentage.  

✓ Maximum yield strength obtained in of specimen 

with 3% of graphite and 2% of fly ash.  

✓ Maximum amount of graphite and fly ash leads to 

reduce the yield strength. 

✓ Percentage of elongation decreased up to 

augmentation level 3% of graphite and decrement 

level of fly ash with 4% to 2%. 

✓ Maximum mean hardness reached at specimen with 

3% of graphite and 2% of fly ash. 
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