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Abstract –ZA-12 metal matrix composite (MMC) was 
produced using stir casting processby adding silicon carbide 
(SiC) and graphite reinforcements with varying 
percentages. Fabricated composite was subjected to 
microstructural studies and mechanical 
testing.Microstructure showed uniform distribution of 
reinforcements within the matrix as observed in scanning 
electron microscope (SEM). Mechanical properties of the 
produced composite increased with increment in percentage 
of reinforcements. Fabricated MMC exhibit higher 
strengthand wear properties as compared to as-cast alloy. 
 
Key Words:ZA-12 alloy, Stir Casting, Mechanical 
Properties. 
 

1. INTRODUCTION 
 
The metal matrix composites (MMC) possess several 
advantages in comparison to the base alloys due to their 
useful structural applications. The composites are 
advantageous with their properties like improved 
strength, high modulus and better strength to weight ratio. 
Among metal matrix composites, the particulate 
reinforced composites attracted morein the area of 
industrial segment and also academics. More 
requirements towards the information regarding different 
material processing techniques for metal matrix 
composite (MMC) has become refined and 
commercialized. Zinc-Aluminum (ZA) alloys have attained 
more importance commercially due to their properties 
like highload bearing and moderate speed applications. 
The ZA series materials are available at low cost and they 
can be used as alternative for cast iron, aluminium and 
brass alloys. They possess similar properties in 
comparison to aluminium alloys [1,2].  
 
Many researchers worked on ZA alloy series with different 
reinforcements. Bobic et al. [3]observed that, addition of 
smaller Al2O3enhanced the strength than the as-cast alloy. 
Zircon reinforcements were added with ZA-27 alloy 
bySharma et al. [4]and exhibited an increase in tensile 
strength and yield strength with reduction in ductility 
including impact strength by increment in percentage of 

reinforcement. With the above literature, it was witnessed 
that, limited work conducted on the production of zinc-
aluminium (ZA)MMC. ZA-12 alloy can be used in different 
industrial applications. Silicon carbide possesses good 
hardness property and graphite has lubrication property. 
With these reinforcements, overall the composite property 
can be improved. Further research is required with these 
reinforcements to increase the applications of these 
materials in different industrial sectors. 
 
In the present work, ZA-12 hybrid composite is produced 
by adding silicon carbide (SiC) and graphite as 
reinforcements. The fabricated MMC is tested for 
microstructural studies to witness the distribution of 
reinforcements and their mechanical properties with wear 
behavior in comparison to as-cast alloy. 
 

2. METHODOLOGY AND EXPERIMENTAL 
PROCEDURE 
 
The flow chart shows the different stages involved for 
material processing and various tests conducted on as-cast 
and produced composite material as shown in Fig. 1.The 
composition of ZA-12 alloy used in casting process is 
shown in table 1. ZA-12 alloy was reinforced with silicon 
carbide (SiC) and graphite reinforcements with varying 
percentages as shown in table 2 with composition 
codes.MMC was produced using stir casting technique by 
electric arc furnace as shown in Fig. 2. ZA-12 alloy ingots 
were allowed to melt in the crucible placed inside furnace 
with a temperature of 750 °C. The temperature is 
monitored by temperature controller by the thermocouple 
connected to the furnace. By the time the temperature as 
reached 750 °C, the alloy is fully liquefied and reached the 
molten state. Degassing (hexchloroethene) tablets are 
added to the molten metal to remove the entrapped 
gasses. Coverall is added into the melt to form a protective 
layer against oxidation. Magnesium chips are added to 
molten metal to increase the wettability property. Mild 
steel die machined with cylindrical channels of diameter 
25 mm and length 130 mm was pre-heated at a 
temperature of 400 °C. Die was pre-heated to avoid the 
distortion, when the molten metal is poured into it. Prior 
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to adding of reinforcement to the molten metal, it is to be 
pre-heated to remove moisturecontent present in 
reinforcement and to improve the property of wettability 
[5, 6].Reinforcement is allowed to flow into the molten 
metal at slower rate with stirring speed of 200 RPM and 
stirring in continued for 5 min after adding reinforcement. 
The molten metal is allowed to heat further at same 
temperature before pouring to the die.The cast specimens 
were turned to the required sizes as per ASTM standards. 
Tensile specimens were prepared in dog bone shape as 
per ASTM E8M standards and test was conducted using 
computerized universal testing machine (UTM) of 100 kN 
capacity. Hardness test samples were machined as per 
ASTM E10 and test was conducted using brinell hardness 
tester. Wear test was carried out using pin-on-disc wear 
testingequipment with sample preparation using 
ASTMG99 standards. Microstructural studies were 
conducted using scanning electron microscope (SEM) to 
witness the dispersal of reinforcements. 

 
Fig -1: Flow chart of the process 

 

 
Fig -2: Stir casting set-up 

Table -1: Composition of ZA-12 alloy in weight percentage 
(wt%) 

 

 
 

Table -2: Composition codes of ZA-12 alloy 
 

 
 

3. RESULTS AND DISCUSSION 
 
Microstructures of as-cast and produced MMC samples are 
shown in Fig. 3.Microstructural analysis gives the 
information regarding the distribution of reinforcements 
with in the matrix. The reinforcement distribution directly 
influences the properties of the produced composite. 
Microstructure shows clear distribution of reinforcements 
which are visible and distributed fairly throughout the 
matrix.  
 

 
 

Fig -3: Microstructures of C1 and C4 samples 
 

Figure 4 and table 3 shows the deviation of ultimate 
tensile strength (UTS) with reverence to varying 
percentage of SiCand graphite reinforcement particles.The 
UTS of C4 composite is higher in comparison to C3 and C2 
composites and as-cast zinc alloy. 
 
From the graph, it is observed that the UTS has increased 
with increment in percentage of reinforcements. This 
happened because of interfacial bonding with the matrix 
and reinforcement. The produced composite possess high 
dislocations and caused strengthening of the composite 
[7]. The generation of dislocations is because of SiC 
particles because of variation in thermal expansion 
coefficient [8]. Similar resultswere obtained by many 
researchers [9, 10].  
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Table -3: Tensile test of ZA-12 alloy 
 

 
 

 
 

Fig -4: UTS of C1, C2, C3 and C4 samples 
 

Hardness test was conducted on different sample 
composition as shown in table 4. Figure 5 shows the 
variation in hardness values obtained for increase in 
percentage of reinforcements. Maximum hardness value 
obtained is 118 BHN with the addition of 6% SiC and 2% 
graphite for C4 sample in comparison to 88 BHN obtained 
for as-cast condition. This shows that, hardness improved 
with rise in percentage of reinforcement. The presence of 
harder particles of SiC increased the hardness of 
composite hindering the dislocation movements in the 
matrix. Wear test was conducted for a sliding speed of 300 
RPM and 600 RPM with constant load of 20N for a 
distance of 1000 m. 
 

Table -4: Hardness test of ZA-12 alloy 
 

 
 

 
 

Fig -5: Hardness of C1, C2, C3 and C4 samples 
 

Table 5 and table 6 shows different sample compositions 
tested for different sliding speed. Before wear test was 
conducted, the disc was prepared using emery paper to 
eliminate any debris present on the sliding surface. Later 
the disc surface was washed with acetone. From Fig. 6 and 
Fig. 7, it is observed that the wear resistance increases for 
the samples with rise in percentage addition of 
reinforcements. Addition of SiC and graphite 
reinforcements restricted the material loss from the 
sample surface. This is due to the hardness of SiC particles 
and lubrication property of graphite which avoided the 
formation of debris and delamination. 
 

Table -5: Wear mass lossof ZA-12 alloy for 300 RPM 
 

 
 

 
Fig -6: Wear mass loss of C1, C2, C3 and C4 samples at 300 

RPM 
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With increment in sliding speed, the wear mass loss 
increases as observed from table 5 and table 6. But 
increase in percentage of reinforcements reduced the 
wear mass loss for both the sliding speeds (300 and 600 
RPM). 

 
Table -6: Wear mass loss of ZA-12 alloy for 600 RPM 

 

 
 

 
 

Fig -7: Wear mass loss of C1, C2, C3 and C4 samples at 600 
RPM 

4. CONCLUSIONS 
 
ZA-12MMC was producedby stir casting process with 
varying percentage of reinforcements. Microstructural 
behavior and mechanical performance of 
producedsamples were studied. With the obtained 
experimental results, the succeeding conclusions are 
drawn as below: 
 
• Implementation of stir casting process for fabricatingZA-
12 MMC was successful with the addition of SiC and 
graphite reinforcements. 
 
• Moderate distribution of SiC and graphite particles were 
observed in zinc matrix, which helped in improving the 
properties of produced MMC. 
 
• UTSof C4 composite considerablyenhancedwith the 
addition of 6% SiC particles up to 208.63 MPa. 
 
• Hardness of produced composite increased with 
increment in percentage of reinforcement and it was 118 

BHNfor C4 condition compared to as-cast condition of 88 
BHN. 
 
•Wear resistance improved with increment in percentage 
of reinforcement addition, thereby restricting the 
formation of debris and causing of delaminationon 
composite surface. 
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