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SYNTHESIS AND CHARACTERIZATION OF Al-Zn-Mg ALLOY / ZIRCON SAND REINFORCED COMPOSITES

Aluminium based metal matrix composite (Al-MMC’s) are much popular in the field like automobile and aerospace industries, 
because of its ease of fabrication process and excellent mechanical properties. In this study, Al-Zn-Mg alloy composite reinforced 
with 3, 6 and 9 v % of zircon sand was synthesised by stir casting technique. The microstructure of the composites revealed uniform 
distribution of reinforced particles. Hardness, tensile strength and wear resistance of Al-Zn-Mg alloy/zircon sand composite were 
found to increase with increase in v % percentage of zircon sand. Scanning Electron Microscope analysis of wear tested sample 
surface of composites revealed no evidence of plastic deformation of matrix phase. Particle pulls out and abrasive wear was the 
common feature observed from all the composites.
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1. Introduction

Aluminium alloys are widely used in aerospace and auto-
mobile industries due to their low density and good mechanical 
properties, better corrosion resistance and wear, low thermal 
coefficient of expansion as compared to conventional metals and 
alloys. The excellent mechanical properties of these materials 
and relatively low production cost make them as a attractive 
candidate of research [1,2]. Particulate reinforced composites 
have been reported to have a better plastic forming capability 
than whisker & fiber reinforced composites. Also they exhibit 
excellent heat and wear resistances due to the superior hardness 
and heat resistance characteristics of the particle distributed in 
the matrix [1]. There are several fabrication techniques avail-
able for manufacturing of Aluminium Metal Matrix Composites 
(Al-MMCs). These techniques include stir casting [3-5], squeeze 
casting [6], powder metallurgy [7,8], liquid metal infiltration [9], 
spray deposition [10] and mechanical alloying [11]. Stir casting 
route is practiced commercially due to its simplicity, flexibility 
and applicability to large quantity production [2,3,5]. 

Numerous research work have been reported on Aluminium 
reinforced with various particulates such as TiC [12], SiC [13], 
zircon sand [14], Al2O3 [15], B4C [16] and Si3N4 [17]. Only 
very limited amount of work have been reported on zircon sand 
reinforced composites. Zircon sand possesses high hardness, 
excellent thermal stability and high modulus of elasticity which 
makes it a suitable reinforcement. 

Ramakoteswara Rao [12] investigated the mechanical and 
tribological properties of AA7075–TiC metal matrix composites 

under heat treated (T6) and cast conditions. They reported that 
the mechanical (hardness, tensile strength and percentage of 
elongation) properties of TiC reinforced composite specimens 
were better than AA7075 matrix material in both conditions. 
Kumar et al. [13] examinations have proved that addition of SiC 
particles to AA7075 alloy can significantly improve the wear 
resistance of matrix alloy. Satish et al. [14] found that addition 
of zircon and alumina to Al-Si-Mg alloy may lead to tremendous 
improvement in the hardness of the Al-Si-Mg alloy.

Hence in this work an attempt has been made to study the 
effect of zircon sand on microstructure and mechanical proper-
ties of Al-Zn-Mg alloy composites.

2. Experimental details

2.1. Materials

In the present investigation, Al-Zn-Mg alloy was used as 
the matrix material and Zircon used as reinforcement. Compo-
sition of matrix alloy and zircon sand is shown in Table 1 and 
Table 2 respectively. 

TABLE 1

Composition of Al-Zn-Mg alloy

Al-Zn-Mg alloy Si Cu Mn Mg Zn Cr Ti Al
Composition (wt %) 0.2 0.2 0.5 1.7 3.2 0.3 0.20 93.7
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TABLE 2

Composition of zircon sand

Zircon Sand ZrO2 SiO2 TiO2 Fe2O3 Volatiles
Composition (wt %) 65.80% 32.50% 0.20% 0.15% 1.35

2.2. Preparation of composites by stir casting method

Al-Zn-Mg alloy was charged into a graphite crucible and 
heated to 800°C till the entire metal in the crucible was melted. 
Zircon particles of size ranging from 74-88 μm were preheated 
to a temperature of 450°C for 2 h before incorporating into the 
melt to remove moisture. A stirrer made up of stainless steel 
was lowered into the melt slowly in to the molten metal to stir at 
a speed of 600 rpm. The melt temperature was reduced to 700°C 
and the preheated zircon particles were added into the molten 
metal at a constant rate during stirring. Stirring was continued 
for another 10 min even after completing the addition of particle 
to ensure uniform distribution of particles throughout the matrix. 
Hexachloroethane tablets were added to the melt to reduce poros-
ity, and then the melt was poured into steel mould. Photograph of 
matrix alloy and zircon reinforced composites is shown in Fig. 1.

2.3. Density measurement

Density measurement for both the unreinforced alloy and 
the composite was carried out by Archimede’s principle. The 
theoretical density for single reinforced composite sample can 
be estimated from the rule of mixtures.

 rrmmt vv   (1)

where ρt is the theoretical density; ρm and ρr are the densities of 
the matrix and reinforcement respectively (g/cc); vm and vr are 
the volume fractions of matrix and reinforcement respectively.

2.4. Microstructural analysis

Microstructural analysis of the alloy and the composites 
was studied by using optical microscopy (Eclipse MA-100, 
Nikon) (Carl Zeiss). Samples were polished as per standard 
metallographic practice, etched with Keller’s reagent and ex-
amined under optical microscope. Worn surface of wear tested 
composite samples were examined with SEM (JSM-5800). The 
SEM image was taken in secondary electron mode.

2.5. X-ray diffraction analysis 

XRD analysis was carried out from 10° to 80° using SHI-
MADZU LabX-6000 model X-Ray Diffractometer to obtain the 
diffraction pattern of the synthesized samples with Copper-Kα 
radiation (λ = 1.5409 Å). A scan speed of 2°/min with step scan 
of 0.02° was used to scan the sample. 

2.6. Hardness test 

Hardness of Al-Zn-Mg alloy as well as the composites was 
measured using a Brinell hardness tester using 10 mm steel ball 
indenter with a load of 500 kg as per ASTM E10 standard. An 
average of 5 readings at different places on each sample was 
taken as the hardness value. 

Fig. 1. Photograph of matrix alloy (a) and zircon reinforced composites b) 3 v % (c) 6 v % and (d) 9 v %
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2.7. Tensile test

Samples of alloy and its composites were subjected to 
tensile tests using Hounsfield Tensometer. The samples were 
machined as per ASTM E8 standard, with a length of 36 mm, 
gauge length of 30 mm and dia 6 mm. The cross head speed was 
maintained at 2 mm/min. 

2.8. Wear test

Dry sliding wear behaviour of the alloy and the compos-
ites were carried out at room temperature using a pin-on-disc 
wear and friction monitor (Model TR-20, Ducom, Bangalore). 
Cylindrical samples of length 30 mm and diameter 10 mm were 
tested against a hardened EN32 steel disc having a hardness 
of 65 HRC. This procedure was repeated three times and the 
wear rate was calculated by taking the average of the wear test 
results. Wear rate for the pin was calculated using the Eq. (2) as 
per ASTM standard G99.

 )m( distance sliding
)g/mm(/)g()mmm(

3
13 DMW   (2)

where M = mass loss during abrasive wear; D = density of the 
respective composite

3. Results and discussion

3.1. Density measurement

Fig. 2 shows the variation in measured density of the base 
alloy (2.76 g/cm3) and the zircon (4.68 g/cm3) reinforcement. 

The reason for increase in density on increasing the v % of 
reinforcement can be attributed to the higher density of zircon 
sand. The theoretical densities were calculated from the rule 

of mixtures (Equation 1). As the porosity in all the composites 
are very less, the measured and calculated densities of all the 
composites are found to be nearly same.

3.2. XRD analysis

X-ray diffraction pattern for the composites is shown in 
Fig. 3. Pattern revealed the presence of Al, MgZn2 [18-21] and 
ZrSiO4. 

3.3. Microstructural analysis

Optical micrographs of the as-cast Al-Zn-Mg alloy Fig. 4a, 
Fig. 4b 3 v % Fig. 4c 6 v % and Fig. 4d 9 v % Zircon reinforced 
composites.

Fig. 3. XRD pattern Al-Zn-Mg alloy /zircon composites

Fig. 2. Variation in density of composites with respect to different v % 
of zircon
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Optical micrographs of zircon reinforced composite shows 
uniform distribution of zircon in the matrix. No void or discon-
tinuities were observed from the microstructure. However, little 
amount of clustering was observed in the micrograph of 9 v % 
zircon sand reinforced composites. The refinement in matrix is 
due to the heterogeneous nucleation caused by the addition of ad-
dition of reinforcement particles into the matrix alloy  [14,22-25]. 
As the v % of zircon increased, the size of the matrix became 
finer due to more heterogeneous nucleation sites. 

3.4. Hardness test

Hardness values of age hardened alloy and composites are 
shown in Figure 5. From the graph, it is clear that the compos-
ites exhibit higher hardness than unreinforced alloy. This can 
be attributed due to the large difference in thermal expansion 
coefficient between the matrix and the reinforcement. This dif-
ference can lead to the generation of higher dislocation density 
in the matrix of the composite [14,26,27].

Fig. 4. Optical micrographs of (a) Al-Zn-Mg alloy and its composites (b) 3 v % (c) 6 v % and (d) 9 v %

Fig. 5. Variation in hardness of the composites with respect to different 
v % of zircon
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This increased dislocation density of Al-Zn-Mg alloy matrix 
leads to an increase in hardness of the composite compared to 
that of unreinforced alloy. In addition, presence of reinforce-
ment particles tends to refine the matrix grain size which in 
turn improves the hardness of the composite [27].Composite 
reinforced with 9 v % of zircon sand exhibits higher hardness. 
This is due to a combination of higher proportion of harder zircon 
particles along with good interfacial bonding rendered by both 
the reinforced particles.

3.5. Tensile test

Ultimate tensile strength of Al-Zn-Mg alloy and Al-Zn-Mg 
alloy /zircon composites are shown in Figure 6. The enhancement 
in ultimate tensile strength with increase in v % of reinforce-
ment is partly due to the effective transfer of applied stress to the 

zircon by matrix, grain refinement and particle strengthening of 
composites. It is expected that due to thermal mismatch stress, 
there is a possibility of increased dislocation density within the 
matrix during cooling from solidification temperature which 
restrict the deformation, thereby increasing the ultimate tensile 
strength. This is suggested as Orowan mechanism in which the 
dislocations bypass impenetrable obstacles to leave a disloca-
tion loop around a particle. Thus interaction of dislocations with 
reinforcement can significantly improve the tensile strength [28]. 
Similar results were observed by Murali et al [29] and Onoro 
[30] in aluminum matrix reinforced with particles TiO2 and TiB2 
particles respectively. 

Figure 6b shows the % elongation of the alloy and the com-
posites. The graph clearly shows that % elongation decreases 
with increase in v % of reinforcement particles. Similar results 
were observed by Ramakoteswara Rao et al. [12] in their study 
on AA7075–TiC metal matrix composites. 

Fig. 6. (a) Ultimate tensile strength and (b) % elongation of Al-Zn-Mg alloy and Al-Zn-Mg alloy / zircon composites with different v % of re-
inforcement

3.6. Wear test

Effect  of zircon on wear behavior of Al-Zn-Mg alloy and 
the composites at 15 N load shown in figure 7. From the wear 
test, wear rate of the composite was found to decrease with in-
crease in v % of zircon particles. It was observed that the 9 v % 
of zircon reinforced composite exhibited better wear resistance 
compared to all other composites and base alloy. 

All the composites were found to exhibit better wear resist-
ance compared to that of the base alloy. Al-Zn-Mg alloy shows 
higher wear rate up to a sliding distance of about 1200 m and 
a gradual decrease thereafter. This is due to the strain hardening 
of the alloy on increasing the sliding distance [31]. 

During the first stage, all composites exhibit an increase in 
wear rate up to a sliding distance of about 1200 m. In the second 
stage, after 1200 m, the wear rate exhibits more or less a steady 
change. The variation in wear rate with sliding distance is due to 

Fig. 7. Wear rate of Al-Zn-Mg alloy / different v % of zircon sand 
composites with varying sliding distance
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the change in run in wear condition to steady state. The steady 
condition is achieved due to the material acquiring constant tem-
perature between the sample surface and the steel disk surface. 
This is due to the fluctuations in wear rate during the initial stage 
of sliding. Similar results have been reported by Panwar et al. 
[32] for Al-Si alloy composite reinforced with different ratios 
of coarse and fine size zircon sand particles. 

Figure 8a shows the worn surface of Al-Zn-Mg alloy, and 
the material loss is found to be very high along the sliding direc-
tion. Figure 6b, Figure 6c and Figure 6d shows respectively the 
worn surface of composite reinforced with 3 v %, 6 v % and 
9 v %. Composites reinforced with 3 v %, 6 v % the micrographs 
reveal the formation of deeper abrasive grooves along the slid-
ing direction leading to more material loss. Figure 6d shows 
the worn surface of the composite reinforced with 9 v % zircon 
and the SEM image reveals smooth surface with formation of 
shallow abrasive grooves along sliding direction indicating less 
material loss. However, Clustering of reinforcement particles 

leads to pull out of particles from the matrix may get trapped 
between the pin and the disc further increasing the material loss 
by ploughing action. 

4. Conclusions

Al-Zn-Mg alloy / zircon sand reinforced composites were 
successfully synthesized by stir casting technique. All the com-
posites prepared were found to exhibit a higher density than the 
matrix alloy that can be attributed to the higher density of zircon. 
Microstructural examination revealed the uniform distribution 
of zircon particles in the matrix, with very limited segregation 
in few composites. Hardness and tensile strength for zircon 
sand reinforced composite are better than that of the base alloy. 
However, the % of elongation for the composites decreases with 
increase in v % of zircon sand. Composites exhibits better wear 
resistance compared to Al-Zn-Mg alloy. This can be attributed 

Fig. 8. Scanning electron micrograph of worn surface of (a) Al-Zn-Mg alloy, (b) 3 v % (c) 6 v % and (d) 9 v %
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to the high hardness of zircon sand particles. SEM analysis of 
worn surface of hybrid composites shows no evidence of plastic 
deformation of matrix phase. Abrasive wear mechanism is the 
common feature observed from all the composites. 
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