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Abstract— Hybrid metal matrix composites are the 

composites consisting of two reinforcement constituents in a 

metal or in an alloy to enhance the properties of the base 

metal or alloy. In the present study rice husk ash and 

aluminum oxide are the two reinforcements. The base metal 

or matrix metal is aluminum alloy (Al-Si12). The 

reinforcements are added in equal quantity. Different 

composition combination (2, 4, 6, and 8wt. % of aluminum 

alloy) has been taken of the reinforcements. In this research 

the effects of the reinforcements on the mechanical (micro 

hardness, tensile and flexural strength) and tribological 

properties has been studied. Wear test is performed on the 

pin-on-disc apparatus. The wear performance of the hybrid 

metal matrix composites (MMCs) is evaluated at load of 

1kgf. Sliding distance is 1000meter and the sliding distance 

is 1.5m/s. The result shows that increase in the percentage of 

the reinforcement leads to increase in mechanical properties 

(tensile strength, flexural strength and micro hardness) and 

tribological properties. 
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I. INTRODUCTION 

In today’s world the composite materials had 

received good attention due to the unique combination of 

properties. Aluminum metal matrix composites (AMCs) are 

one of them. Aluminum metal matrix composites (AMCs) 

possesses unique combination of light weight, good 

corrosion resistance, high electrical conductivity and 

excellent mechanical properties. Cast aluminum matrix 

particle reinforced composites have higher specific strength, 

specific modulus and good wear resistance as compared to 

unreinforced alloys [1-3]. Some of the typical reinforcement 

particulate phases used in aluminum-based MMCs are 

graphite, boron carbide, mica, silica, zircon, alumina, 

aluminum nitride and silicon carbide (Rohatagi et al 4). 

There has been an increase in the interest in composites 

containing low density and low cost reinforcement. Among 

various discontinuous dispersions used, fly ash is one of the 

most in expensive and low density reinforcement available 

in large quantities as solid waste by-product during 

combustion of coal in thermal power plants. Another 

substitute to the fly ash is the rice husk ash (RHA). 

Aluminum metal matrix composites (AMCs) reinforced 

with graphite shows good wear characteristics (lin et al 5). 

This is due to the formation of tribo layer between the 

sliding surfaces but it leads to decrease in the mechanical 

properties. Rice husk ash (RHA) is an agriculture waste by 

product abundantly available in India. This husk contains 

about 75% organic volatile matter and the balance of the 

weight of the husk is converted into ash during firing 

process and is known as RHA (S.D. Saravanan et al 6). It is 

estimated that about 70 million tons of RHA is produced 

annually worldwide (Torralba et al 7). This RHA is a great 

environmental threat, causing damage to land and 

surrounding area on which it is dumped. Recent research 

studies reported that the RHA in turn contains around 85% 

to 90% amorphous silica. Gupta et al (8), Das et al. (9) 

established the possibility of fabricating aluminum alloy 

composites reinforced With RHA. Aluminum oxide is also 

very useful reinforcement. Sajjidi et al (10) and Rahimian et 

al (11) have observed that the increase in aluminum oxide 

leads to increase in mechanical properties. Zhang et al (12) 

observed that heat treatment process changes the structure of 

the aluminum reinforced composites. It also affects the 

hardness of the composite. Aluminum oxide reinforced 

composite also shows better tensile strength than the base 

metal (Kumar et al. 13). 

In this research the focus is to prepare the hybrid 

composite with aluminum oxide and RHA reinforcements. 

Then the mechanical and tribological properties of the 

composites have been evaluated. Aluminum composites 

reinforced with aluminum oxide and RHA has been 

prepared and studied separately till now, so in this study the 

focus is to combine the both to prepare a hybrid composite. 

II. EXPERIMENTAL PROCEDURE 

    In this experiment aluminum alloy Al-Si12 is used as the 

matrix material. Table 1 shows the chemical composition of 

the aluminum alloy Al-Si12. For the investigation Al-

Al2O3-RHA and Al-Al2O3 composites are required. To 

prepare RHA the rice husk was collected from a local rice 

mill. The collected rice husk was washed thoroughly with 

clean water to remove the impurities like clay and dust and 

subsequently dried in sunlight for 24h. The dried rice husk 

was placed in a container and then burned and heated for 

2hrs and the color of the ash changes from black to grayish 

(S.D. Saravanan 6). The composites are prepared through a 

liquid state method known as the stir casting. Stir casting is 

an economical method. It is also attractive because the 

method is very suitable from the engineering point of view 

in terms of production capacity (Zhou et al. 14) This method 

is also very simple and flexible (Hasim et al 15). The 

aluminum alloy ingots are put in the crucible and heated 

until the ingots were melted. Figure 1 shows the schematic 

diagram of the stir casting process. After melting the matrix 

metal the reinforcements RHA and aluminum oxide were 

weighed in 1%, 2%, 3% and 4% of weight of the aluminum 

alloy. So the combined quantities of the reinforcement are 

2%, 4%, 6% and 8% wt. of aluminum alloy. In the first trial 

2% reinforcement is added in the molten metal and stir with 

steel stirrer to mix the reinforcement uniformly in the 

molten metal. When the reinforcement is mixed then the 

molten metal is poured in the sand mould and cooled in the 

air. Similar method is adopted for the 4%, 6% and 8% 

reinforcements. 
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Chemical 

composition 
Cu Mg Si Fe Mn Ni Zn Pb Sn Ti Al 

% 
0.1 

max 

0.10 

max 

10.0-

13.0 

0.6 

max 

0.5 

max 

0.1 

max 

0.1 

max 

0.1 

max 

0.05 

max 

0.2 

max 
Balance 

Table 1: chemical composition of (Al-Si12) 

 
Fig. 1: Schematic diagram of stir casting 

From the cast, specimens for the hardness, tensile 

strength, flexural strength and wear test are machined 

according to the requirement. Tensile and flexural test has 

been done on the universal testing machine. Flexural testing 

is done by three point bending test. Flexural testing set up is 

shown in the figure 2.Wear test is done on the computerized 

pin-on-disc apparatus as shown in the figure 3. The purpose 

is to evaluate the dry sliding wear characteristics of the 

composites. Micro hardness testing is done on Vickers 

hardness tester shown in figure 4. To check the hardness a 

square based pyramid (diamond) indenter was pressed 

against the specimens at a load of 1kgf.    The specimens for 

the wear test are of 60 mm length and 7mm diameter. The 

specimens are slide against the steel disc EN31. For the 

wear testing pieces are slide at a velocity of 1.5m/s at a load 

of 9.8N and sliding distance of 1000 meter. For measuring 

the weight loss a digital balance is used shown in the figure 

5. 

 
Fig. 2: arrangement of flexural testing. 

 
Fig. 3: Pin-on-disc apparatus 

 
Fig. 4: Vickers hardness tester 

 
Fig. 5: Digital balance 

III. RESULT AND DISCUSSION 

A. Result for Micro hardness 

Micro hardness testing is done on the Vickers hardness 

tester. The results are shown in the table 2&3. From the 

tables it is clear that by increasing the reinforcement’s 

percentage there is increase in the hardness value. But from 

the tables it is clear that the Al-Al2O3-RHA hybrid 

composite shows better result than the Al- Al2O3 

composite. 

Al-Al2O3-RHA hybrid composite 

Combined reinforcement % 2 4 6 8 

Al2O3 1 2 3 4 

Rice Husk Ash 1 2 3 4 

Micro hardness (HVN) 41.7 45.0 47.2 50.7 

Table 2: Details of Al-Al2O3-RHA hybrid composite 

Al-Al2O3 composite 

Al2O3 reinforcement % 2 4 6 8 

Micro hardness (HVN) 41.0 43.7 46.7 49 

Table 3: Details of Al-Al2O3composite 
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B. Result for tensile strength 

Tensile strength is evaluated on the universal testing 

machine. Table 4&5 shows the tensile strength of the Al-

Al2O3-RHA hybrid composite and Al- Al2O3 composite. 

From the table it is clear that hybrid composite shows better 

result. 

Al-Al2O3-RHA hybrid composite 

Combined reinforcement % 2 4 6 8 

Al2O3 1 2 3 4 

Rice Husk Ash 1 2 3 4 

Tensile strength,(Mpa) 118 124 128 134 

Table 4: Details of Al-Al2O3-RHA hybrid composite 

Al-Al2O3 composite 

Al2O3 reinforcement % 2 4 6 8 

Tensile strength,(Mpa) 117 121 126 132 

Table 5: Details of Al-Al2O3composite 

C. Result for the flexural strength 

Results for the flexural testing are shown in the table 6&7. 

From the tables it is clear that increasing reinforcement 

content lead to increase in the flexural strength. 

Table 6: Details of Al-Al2O3-RHA hybrid composite 

Al-Al2O3 composite 

Al2O3 reinforcement % 2 4 6 8 

Flexural strength,(Mpa) 119 124 131 135 

Table 7: Details of Al-Al2O3composite 

Both reinforcement increases the flexural strength 

of the composite. From the above tables it is clear that Al-

Al2O3-RHA hybrid composite shows the better result than 

the Al-Al2O3 composite. 

D. Results for the wear test 

Wear testing is done on the pin-on-disc apparatus. The 

weight loss for the various composite under the dry sliding 

condition is given in the tables 8&9. 

 

Al-Al2O3-RHA hybrid composite 

Combined reinforcement % 2 4 6 8 

Al2O3 1 2 3 4 

Rice Husk Ash 1 2 3 4 

Wt. loss (10
2
mg/min) 31.8 30.1 27.3 25.5 

Table 8: Details of Al-Al2O3-RHA hybrid composite 

Al-Al2O3 composite 

Al2O3 reinforcement % 2 4 6 8 

Wt. loss (10
2 
mg/min) 32.7 30.9 28.2 26.3 

Table 9: Details of Al-Al2O3composite 

From the above tables it is clear that wear rate is 

decreasing as the content of the reinforcement is increasing. 

Al-Al2O3-RHA hybrid composite shows better result than 

the Al-Al2O3 composite. 

IV. CONCLUSIONS 

 Composites can be prepared with stir casting 

easily and economically. 

 RHA and aluminum oxide addition leads to 

increase in the properties. 

 Al-Al2O3-RHA hybrid composite shows 

better result for the micro hardness than the 

Al-Al2O3 composites. 

 Rice husk ash addition also leads to increase in 

the tensile strength in the Al-Al2O3 

composite. 

 Rice husk and aluminum oxide reinforced 

hybrid composites also shows better result for 

the flexural strength than the aluminum oxide 

reinforced composites 

 Al-Al2O3-RHA hybrid composite shows 

better result for the weight loss. As the content 

of the reinforcement is increased it results in 

the less weight loss. 
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