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Abstract— The current study deals with an endeavour to synthesize hybrid metal matrix composite by taking Aluminium 
piston alloy(LM 26) as base material and Porcelain ceramic particles as reinforcement. The hybrid metal matrix composites 
were fabricated with 2wt%, 4wt%, 6wt% and 8wt% porcelain filled LM26 aluminium alloy, through cost effective liquid 
metallurgy course i.e. stir casting technique. The physico-mechanical properties such as density, void fraction, micro 
hardness and tensile strength of fabricated composite were evaluated and compared. The void fraction decreases from 0.58% 
to 0.36% by increasing weight percent of porcelain from 0wt% to 6wt% and then increase to 0.65% for 8wt% addition of 
porcelain in a matrix material. The micro hardness increased by 10% by adding 8wt% porcelain to LM26 master alloy. 
Similarly, the tensile strength was increased by 20% for 6wt% addition of porcelain.All the tested physical and mechanical 
properties of fabricated composites were superiors compared to the LM 26 master alloy. 
 
Index Terms— Aluminium LM 26 Alloy, Porcelain, Mechanical Properties. 
 
I. INTRODUCTION 
 
Aluminium metal matrix composites are achieving 
tremendous attention in automotive industrial 
application such as piston ,bearing, connecting rods, 
piston cylinder head etc. owing to their advance 
physical and mechanical characteristics like excellent 
strength to weight ratio , better hardness and wear 
resistance, good tensile and compressive strength, 
high damping capacity, low coefficient of thermal 
expansion etc. aluminium- silicon alloys are widely 
used in MMCs because of their light weight, good 
mechanical characteristic and abundance etc.[1] .SiC, 
Al2O3, SiO2, TiB2 etc. are widely used as reinforcing 
particles in aluminium alloy to improve tribological 
and mechanical properties [2].Quarry dust, Rice husk 
ash and fly ash are gaining more attention as 
reinforcement in aluminium alloy due to very low 
coast, easy availability and good potential to improve 
mechanical characteristics such as tensile strength, 
compressive strength and also increases wear 
resistance along with decreasing the density of the 
composite[3-7]. Mechanical properties are correlated 
to the size of reinforcement particles, as tensile 
strength and micro hardness increases with decrease3 
in reinforcement particles size[8,9]. 
 
In the present work porcelain was used as 
reinforcement as it contain around 65% SiO2, 21% 
Al2O3, and 14% others (CaO, TiO2, MgO, 
Fe2O3etc.)[10]. Scrap piston of LM 26 alloy were 
used as a base material. Stir casting technique was 
adopted for the fabrication of the composite as it is 
inexpensive, simple, and flexible and provides good 
matrix particle bonding [11]. At the end an attempt 
was made to fabricate (2,4,6 and 8)wt.%Porcelain 
filled LM 26 hybrid metal matrix composite through 
cost effective stir casting technique. The physical and 
mechanical properties were tested such as density, 
void fraction, micro-hardness and tensile strength. 

Compositional analysis was done through optical 
emission spectroscopy. 
 
II. EXPERIMENTAL DETAILS 
 
Preparation of matrix alloy 
LM 26 Aluminium alloy scrap pistons of weight 8.5 
kilogram were melted in a graphite crucible by using 
pit furnace. The slags were removed before adding 
degasser, the melted scrap were then poured into the 
sand mould of diameter 6.5cm and height 30cm. this 
cylindrical bar were cleaned through turning and 
facing then used as matrix alloy its  percentage 
chemical composition  is shown in  table 1. 
 
Fabrication of composite 
The composition was fabricated through stir casting 
technique. The master alloy was cut and weight 
according to weight per cent of the porcelain i.e. (2, 
4, 6 and 8wt %) and magnesium (2wt%). The 
considered weight of the composite was 1 kg, thus 
960gm. of master alloy was melted in graphite 
crucible in electrical resistance furnace equipped with 
string setup with digital variable control parameters. 
The temperature of the furnace was maintained to 850 
°C to melt the master alloy after melting the alloy, 
solid hexachloroethane (C2Cl6) Aluminium foil 
wrapped were added to degasify the alloy then 2wt% 
magnesium wrapped in Aluminium foil were added 
in order to increase wettability after that 2wt% 
porcelain powder of 53µm preheated to 500 0C in a 
muffle furnace were added to the vortex of master 
alloy stirred at 150 RPM with cast iron impeller. The 
preheating of porcelain powder was done in order to 
remove moister and to reduce temperature drop. After 
adding porcelain stirring was done at 400 RPM, at 
two-third depth of the crucible for 10 minutes then 
composite were poured in graphite die at around 
700°C. The composite solidify within 2 minutesthen it 
was removed from the die and further cooling was 
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done in at room temperature. Similarly the other 
composites were fabricated by varying the weight 
percentage of the master alloy and porcelain. 
Chemical composition of 8wt% porcelain filled LM 
26 MMC is shown in table 2. 
 
Table1. Chemical composition of LM26 alloy (In 

wt.%) 

 
 
Table2. Chemical composition of 8wt% porcelain 

filled LM26 MMC 

 
 
Void Contents 
Theoretical density of the fabricated composites was 
calculated by the rule of mixture equation, proposed 
by Agarawal and Broutman [12] while the actual 
density was calculated with the aid of Archimedes 
principle by weighing the different fabricated 
composite in air with weighing machine [precision 
Weighing Balance FB 600] having precision up to 3 
digit after decimal, then calculating the weight of the 
volume of water displace when composite were 
submerge into the water.Theoretical density of the 
composite was calculatedas 
휌 =   (1) 

 
where,ρ is the theoretical density,wrand wththe 
weight fraction of the particulate/alloy material, 
and휌rand휌mthe density of the particulates and alloy 
materials. The Void contents are computedby using 
equation (2). 

 
 
Hardness 
Micro-Hardness of LM 26 alloy and fabricated 
composites were evaluated by (Innovatest Europe 
BV) micro-hardness testing machine and Vickers 
hardness test method was used. The load applied to 
indent the sample was 100 gram and dwell time is 10 
sec. The reading were taken 5 times at different 
location from the polished sample having dimension 
15mm×10mm×10mm and the average was 
calculated.The Vickers hardness number was 
calculated as [13]. 
VHN= 1.854 × 		 (3) 
 
where, L is applied load in Kg and d is mean of 
diagonals form during indentation in mm. 
 
Tensile test 
Three sample from each LM 26 and fabricated 
composites were prepared according to ASTM 

standard E8 having dimension 25mm gauge length, 
6mm width, 32mm reduce section length, 6mm fillet 
radius, 32mm grip length, 10mm grip section width, 
and 100mm overall length. Then the samples ultimate 
tensile strength were tested by (Instron-5967) 
universal testing machine at strain rate 2mm/min at 
23°C room temperature. Figure 1 shows the image of 
the prepared.  
 

 
Figure 1: Tensile test sample image 

 
III. RESULT AND DISCUSSION 
 
Effect of porcelain on density and void fraction 
Table3. Display the effect of increasing the porcelain 
weight percentage from 0wt%to 8wt% on porcelain 
filled LM 26 hybrid metal matrix composites and also 
shows the comparison between the actual and 
theoretical density along with the void content. 
Density of the composites decreases with increasing 
the weight percentage of porcelain, due to lesser 
density of the porcelain then the master alloy. The 
Void contents decreases from 0.583% to 0.364% for 
0wt% to 6wt% porcelain filled hybrid metal matrix 
composites respectively, this decrement happens due 
to proper dispersion and distribution of reinforcement 
into matrix. While the Void content for 8wt% p 
increased to 0.659%, it might be the result of it might 
be the result of segregation of porcelain into matrix or 
due to air bubbles formed during mixing or result of 
increase in volume fraction of reinforcement [14]. 
 
Table 3.Comparison of Experimental Density and 

Theoretical Density 

 
 
Effect of porcelain on Hardness 
Figure 2 shows the consequence of varying weight 
percentage of porcelain on LM 26 matrix alloy micro-
hardness. The hardness increases with increase in 
wt% of porcelain due to greater hardness of porcelain 
particles then master alloy and these hard porcelain 
particles resist the movement of dislocation in the 
matrix. 
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Figure 2:Variation of micro hardness of porcelain filled LM 26 

alloy composite 
 
Effect of porcelain on Tensile strength 
Figure 3 and figure 4 Shows the effect of increasing 
weight percentage of porcelain on Tensile strength 
and Modulus. The Tensile strength increases from 
150.59 MPa to 181.03 MPa for 0wt% to 6wt% of 
porcelain then decreased to 156.97 MPa for 8wt% 
porcelain addition. While the modulus increases with 
increase in porcelain weight percentage into the 
master alloy. The increase in tensile strength was due 
to transfer of load from the matrix alloy to the hard 
porcelain particles. The brittleness kept on increasing 
which reduce the percentage elongation. The tensile 
strength of 8wt% porcelain filled LM 26 MMC was 
due to increase in brittleness or improper mixing and 
segregation of porcelain into the matrix or poor 
wettability [4]. 
 

Figure 3: Variation of tensile strength of porcelain filled LM 26 
alloy composite 

 

 
Figure 4: Variation of tensile modules of porcelain filled LM 26 

alloy composite 

CONCLUSION 
 
Porcelain filled LM 26(Aluminium scrap piston 
alloy) hybrid metal matrix composite with varying 
weight percentage(2wt%, 4wt%, 6wt% and 8wt %) of 
porcelain is successfully unify with the aid of stir 
casting technique. Optical emission spectroscopy 
shows increment in the percentage of silicon, 
aluminium and others due to presence of SiO2 and 
Al2O3 as a major constituent. The density decreases 
with increase in the porcelain weight percentage and 
void fraction decrease up to 0.3645 for 6wt% 
porcelain filled master alloy composite.The hardness 
increased up to 10% for 8wt% porcelain composite 
and the tensile strength increased up to 6wt% 
porcelain addition and then decreased due to increase 
in brittleness.All the fabricated porcelain filled LM 
26 hybrid metal matrix composites have better 
physical and mechanical properties then LM 26 
master alloy thus it can be used for piston application. 
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