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ABSTRACT 
Al 5%Si alloy was reinforced with zirconia and alumina respectively and casts were obtained at 300, 400 and 500 

rpm of the vertical centrifugal casting machine. Specimens were cut from both the top and bottom regions of these 

casts. The specimens were flattened with an emery paper and were subjected to wear tests on pin on disc machine 

(tribometer). The track diameter was set to 100mm, with a load of 1kg and the tests were carried out for 20 min 

each. The wear vs. time graphs were obtained for each specimen tested and the specific wear rate was calculated. 

It was observed that the specimens from the top of the casts experienced the highest wear rates as compared to 

the specimens cut from the bottom of the casts. Also, Al-5%Si alloy with Zirconia reinforcement was found to 

experience the least wear rate as compared to Al-5%Si alloy with alumina reinforcement and Al-5%Si alloy with 

no reinforcement. 
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I. INTRODUCTION 

The major use of aluminium-silicon alloys are in producing casts. This is because the addition of silicon reduces 

the melting temperature and improves the fluidity of the molten metal. Due to the excellent castability, complex 

shapes can be produced. The minimum mechanical properties obtained in poorly fed regions are higher than in 

castings made from low castability alloys. Wear resistance of high silicon alloys (20-25%) is very good. The 

industrial applications of aluminium and its alloys were restricted because of their poor tribological properties. 

Thermal spraying, laser surfacing, and electron beam welding were the most widely used techniques to alter the 

surface morphology of base metal. Preliminary studies revealed that the coating and layering of aluminium alloys 

with ceramic particles enhanced the ballistic resistance. [8] In this work, experiments have been conducted to test 

the wear properties of low silicon alloys (5%). Also, the wear properties of Al-5%Si alloy with reinforcements of 

alumina and Zirconia respectively have been tested.  
 

II. EXPERIMENTAL SETUP 
The material for casts were procured in the form of ingots which were later melt in a furnace and cast into the 

vertical centrifugal casting machine. 3 casts of Al-5%Si were obtained for 300, 400 and 500 rpm, respectively, of 

the vertical centrifugal casting machine. 

 

Stir casting was employed to produce Al-5%Si casts with zirconia and alumina reinforcements .The cut metal was 

melted in a furnace which was set at a temperature of 650℃. To this liquefied metal, reinforcements such as 

zirconium and alumina were added at the rate of 1% of the weight of the molten metal and were stirred for a few 

minutes. After proper stirring, the graphite plug was lifted along with the stirrer which caused the flow of the 

mixture through the hole drilled at the bottom of the crucible through a funnel placed at the other end. The molten 

mixture was discharged from the funnel into the vertical centrifugal casting machine which was rotated at 300, 

400 and 500 rpm respectively yielding three different casts for each reinforcement.   
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Fig. 1: Stir Casting Setup 

  WEAR TESTING 

By using rolling-sliding wear tester (tribometer), (shown in fig 2) wear behavior of materials was 

investigated. The apparatus consists of two discs (wheels) fixed to two parallel shafts pressed against 

each other under contact load. 

 
Fig. 2: Pin-on-disc Setup and Wear Monitor 

 

One specimen was cut from each of the casts. The specimens which are cut from the casts were filed. Then, both 

the surfaces (Top and Bottom) of the specimen was manually finished by Emery paper. The speed of rotation of 

the disc was set at of 400 rpm, friction force of 10 N, time of 20 minutes was set in the apparatus. The graph was 

displayed on the monitor. 

 

The graphs were obtained by using a WINDUCOM 2006 Software. From the graph, the specific wear rate was 

calculated using the formula: 

       Specific wear rate = 
Wear value (from the graph) ∗ cross section of the specimen

Weight∗ πDN
in  𝑚3

𝑁 − 𝑚⁄  

 

Where, 

‘D’ is Track diameter in ‘m’ 

‘N’ is Speed of the disc in rpm 

 

III. RESULT AND DISCUSSION 
The specimens were cut from both top and bottom portions of the cast. The following results were obtained after 

subjecting the specimens to a wear test. 

 

Table 1: Table showing the specific wear rates for the casts obtained at 300 rpm of vertical centrifugal 

casting machine 

300 

rpm 

Type of Cast Region of 

cast from 

which 

specimen 

was cut 

Specific 

wear rate 

X10-14 

m3/Nm 

1 Without 

reinforcement 

top 18.3 

bottom 10.68 

2 With Zirconia top 9.54 

bottom 8.68 

3 With Alumina top 12.3 

bottom 8.68 
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Histogram 1: Showing Specific Wear Rate for Specimen prepared at 300 RPM 

 
 

Table 2: Table showing the specific wear rates for the casts obtained at 400 rpm of vertical centrifugal 

casting machine. 

 

                                            Histogram 2: Showing Specific Wear Rate for Specimen prepared at 400 RPM 

 

 
 

Table 3: Table showing the specific wear rates for the casts obtained at 500 rpm of vertical 

centrifugal casting machine 

500 

rpm 

Type of Cast Region of 

cast from 

which the 

specimen 

was cut 

Specific 

wear rate 

X10-14 

m3/Nm 

1. Without 

Reinforcement 

top 14.7 

bottom 8.68 

2. Zirconia top 9.11 

bottom 7.81 

3. Alumina top 12.3 

bottom 8.24 

 
                     Histogram 3: Showing Specific Wear Rate for Specimen for prepared at 500 RPM 
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From the above tables, it can be seen that specimens cut from the top of the casts have experienced more wear 

rate than the specimens that were cut from the bottom of the cast. This is probably because of the non-uniform 

particle distributions at the top of the cast. 

 

Also, Al-5%si alloy with Zirconia reinforcement was found to experience the least wear rate and Al-5%si alloy 

with no reinforcement was found to experience the highest wear rate. This is perhaps due to the fact that the 

hardness of Zirconia is higher than Alumina. Hence, because of the presence of hard particles, the wear rate was 

found to be the least. 

 

Contradictorily, Al-5%Si alloy does not possess any hard particles and hence was found to experience the 

maximum wear rate. 

 
IV. CONCLUSION 

The specimens tested from the top of the casts were found to have more specific wear rate than the specimens 

tested from the bottom of the cast. This is probably because of the non-uniform distribution of grains during the 

lift of the molten material.  

The specimens with alumina reinforcements were found to have higher specific wear rate as compared to zirconia. 

Specimens without any reinforcement were found to have the highest wear rates. This is perhaps the 

reinforcements alumina and zirconia increase the hardness of Al-5%Si alloy. Also, the hardness of zirconia is 

greater than alumina, alumina experiences more wear than zirconia. 
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