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In the current scenario, the development of high strength and low weight material is the 

demand of the aerospace defence organizations. Magnesium alloy based composite has 

low density, good mechanical and physical properties. In this study, magnesium alloy 

AZ31B is used as reinforcement material and graphene nanoparticle is used as 

reinforcement material. Stir casting technique is used for the development of composite 

material. Three weight percentages i.e. 0.4%, 0.8% and 1.2% are used for the casting. 

The microstructural analysis is performed to validate the presence of graphene particles 

in the developed composite. Further mechanical properties such as tensile strength, 

hardness and toughness are evaluated. Experimental results confirm that GNPs particles 

are uniformly distributed into the matrix material. It was observed that due to the 

reinforcement of GNPs particles tensile strength of the material is improved by 31.17%, 

hardness is improved about 46.9%. However, the peak value of toughness is observed 

12.6 Jule/cm2 in the matrix material, it decreases by increasing the wt% of reinforcement 

particle and lowest value of toughness of 6.82 Jule/cm2 is observed in AZ31B/1.2%GNP 

composite.  
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1. INTRODUCTION

Nowadays the demand for lightweight material is increasing 

in the automobile and aerospace industries [1-3]. Over the past 

decades, the aluminium-based composite materials were used 

for the automotive and aerospace application [4-7]. However, 

in the current scenario, the demand for the magnesium-based 

composite material is increasing rapidly due to superior 

mechanical and physical properties [8]. The density of 

magnesium is about two-third of the density of aluminium [9]. 

The castability and machinability of the magnesium-based 

composite are excellent. It exhibits superior damping 

properties [10]. 

Fabrication techniques play a vital role in the mechanical 

properties of the magnesium-based composites. Nowadays 

several techniques such as electromagnetic stir casting, stir 

casting technique, friction stir processing, squeeze casting, 

vacuum casting etc. are used for the development of 

magnesium-based composite [11]. The mechanical properties 

of the magnesium are relatively poor. Various studies have 

been conducted related to the effect of reinforcement of 

ceramic particles on mechanical properties of magnesium-

based composites. The ceramic particles such as TiB2, Al2O3, 

SiC, CNTs, Gr, GNPs were used by the researchers for the 

fabrication of magnesium-based composite material. Nguyen 

et al. [12] have evaluated the effect of ceramic particle i.e. 

Al2O3 on AZ31B allow. It was observed that the wear rate of 

the developed composite was reducing over the sliding speed. 

Nagaraj et al. [13] have developed AZX915/SiC composite to 

investigate the mechanical and wear properties. Results 

depicted that the excellent wear properties were observed at 

the reinforcement of 12% TiC particle. 

From archival literature, it can be concluded that several 

studies have been performed related to the effect of 

reinforcement of ceramic particles on mechanical and 

tribological properties of the magnesium-based composite. 

However, few studies have been found related to the effect of 

GNPs particles on AZ31B alloy. In this work, an attempt was 

made to evaluate the effect of GNPs wt.% on mechanical 

properties of the magnesium composite. 

2. EXPERIMENTAL ANALYSIS

This study deals with the effect of reinforcement of GNPs 

powder in magnesium alloy AZ31B on mechanical properties 

such as tensile strength, hardness, toughness. Further 

microstructural analysis was also performed to check the 

presence of GNPs particles in the developed composite. The 

chemical composition of AZ31Balloy is presented in Table 1. 

It has good thermal conductivity, good machinability and 

corrosion resistance properties. AZ31B is used for the 

manufacturing of lighter crafts and engine components. The 

physical properties and mechanical properties and of the 

AZ31B alloy are given in Table 2. Figure 1 shows the 

magnesium built used for the development of composite. 

Table 1. Elemental composition of AZ31B 

Elements Mg Al Zn Mn 

% 96.5 2.6 0.7 0.2 
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Table 2. Mechanical, Physical and Thermal properties of 

AZ31B 

 

Properties Value 

Tensile Strength 253.85MPa 

Yield Strength 205 MPa 

Elastic Modulus 48GPa GPa 

Poisson’s Ratio 0.35 

Shear Strength 125 MPa 

Hardness 49HRB 

Elongation 13% 

Density 1.71 g/cm3 

 

 
 

Figure 1. Magnesium AZ31B billets used for the procedure 

 

Graphene is an allotrope of carbon and it is found in nature, 

graphene is a single atomic layer of graphite. In this work, 

Graphene-L of size 20 µm was used. For the development of 

MMCs, a stir casting setup is used. Figure 2 shows the images 

of the complete setup with all the necessary equipment 

required. Sand crucibles are used to melt raw magnesium 

billets and to preheat the GNPs. Different crucibles are used to 

melt different magnesium combinations. For stir casting setup, 

the stirrer is welded to a long stainless-steel rod whose second 

end is connected to a motor. Motor controls the stirring speed 

and the motor’s speed was controlled by a regulator. The 

blades of stirrer are made of steel so that it won’t get melt. 

 

 
 

Figure 2. Line digram of stir casting setup  

 

AZ31B is used as the matrix material and GNPs are taken 

as the reinforcement. The magnesium billet plates are heated 

in an electric resistance furnace at a temperature of 800 to 

850℃. GNPs powder is preheated at a temperature of 300℃ 

for 15 to 20 minutes to remove the moisture content. After 

melting the AZ31 alloy mechanical stirrer starts stirring to 

form the vortex and reinforcement particles are gradually 

poured into the molten pool of the material. The stirring speed 

is kept around 350 rpm to mix the GNPs particles into the 

matrix material. This process was continued for 10 minutes. 

Due to the stirring, the GNPs powder is uniformly dispersed 

into the matrix material. Three wt.% of GNPs powder viz., 

0.4%, 0.8% and 1.2% was used for the development of MMCs 

samples. To check the presence of GNPs reinforcement into 

the developed composite material, the microstructural 

examination has been conducted. The samples for 

microstructural examination were prepared as per ASTM E3-

95 standards. The preparations of samples for microstructural 

examination conducted through different operations are shown 

in Figure 3. Microstructural images were taken from the Leica-

DMI3000M inverted optical microscope. 

 

 
 

Figure 3. Sample preparation for microstructural 

examination of AZ31/GNPs 

 

 
 

Figure 4. Experimental setup for the Charpy test  

 

For the evaluation of tensile strength of the casted 

composite test samples were prepared as per the ASTM E-8 

standards. Test samples were prepared in the rectangular shape. 

The tensile testing machine model TKG-EC-50KN was used 

to perform the tensile test of the specimen. ASTM A370 

standard was used for the sample preparation of Charpy impact 

test from the fabricated composite. The specimen size used for 

the Charpy test was 10 mm × 10 mm × 55 mm having a notch 

(V-notch: 2 mm deep, with a 45° angle and 0.25 mm radius). 

Figure 4 shows the experimental test setup for the Charpy test. 

Rockwell hardness tester was used to measure the hardness of 

52



 

the fabricated samples. The dimensional details of the 

hardness test specimens are 15 mm × 10 mm × 6 mm. The 

experimental setup for the hardness test is shown in Figure 5. 

TRSN Series machine was used for the hardness test. 

 

  
 

Figure 5. Hardness test specimen and Testing zone 

 

 

3. RESULT AND DISCUSSION 

 

Magnesium alloy based composite has been successfully 

developed by using GNPs as reinforcement. The MMCs were 

developed by varying the reinforcement percentage. The 

percentage of reinforcement material used in this study was 

0.4%, 0.8% and 1.2%. The optical microscopic images of 

developed nanocomposites are presented in Figure 6. It can be 

observed that the GNPs particles are uniformly distributed in 

the developed composite. The tensile test of with and without 

the reinforcement of specimen samples has been conducted. 

The value of yield strength, elongation at break and ultimate 

tensile strength is given in Table 3. The load stress-strain curve 

for fabricated samples is presented in Figure 7 to Figure 10.   

It can be concluded that the tensile strength of the developed 

composite materials is increasing by increasing the 

reinforcement percentage of the GNPs particles. Figure 11 

shows the effect of reinforcement percentage of the tensile 

strength of the material. The peak value of ultimate tensile 

strength was observed 333.68 MPa with the reinforcement of 

1.2% GNP particle. The presence of ceramic particles restricts 

the plastic flow of the material [14, 15], due to this the tensile 

strength of the material is increased. However, it was also 

observed from the stress-strain graph that the percentage 

elongation of the material was decreased due to the addition of 

reinforcement particles. Figure 12 shows the effect of 

reinforcement particles on percentage elongation of the 

developed MMCs. The peak value of percentage elongation 

was observed in the AZ31B alloy of 11.29% and lowest value 

of percentage elongation was observed about 9.21% in the 

specimen of AZ31/ 1.2 wt.% GNP specimen sample 

 

Table 3. Tensile test results of AZ31B-GNPnanocomposites 

 

S. No MMCs 
Yield stress 

(N/mm2) 

Elongation at 

peak (mm) 

Tensile 

Strength 

(N/mm2) 

Hardness 

(HRB) 

Toughness 

Jule/cm2 

1 AZ31B 205.0 11.29 253.85 49 12.6 

2 AZ31B/0.4% GNP 242.4 10.20 315.13 52 10.42 

3 AZ31B/0.8% GNP 248.6 9.53 320.88 66 7.64 

4 AZ31B/1.2% GNP 257.5 9.21 333.68 72 6.82 

 

 
 

Figure 6. Microscopic images of developed MMCs 
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Figure 7. Stress versus strain curve of AZ31B alloy 

 

 
 

Figure 8. Stress versus strain curve of AZ31B/ 0.4% GNP 

 

 
 

Figure 9. Stress versus strain curve of AZ31B/ 0.8% GNP 

 

 
 

Figure 10. Stress versus strain curve of AZ31B/ 1.2% 

GNP 

 

 
 

Figure 11. Variation of ultimate tensile strength versus 

GNP percentage 

 
 

Figure 12. Elongation at peak versus GNP percentage 

 

 

Figure 13 shows the influence of GNPs particle 

reinforcement on the hardness of the prepared MMCs. The 

lowest value of hardness 49 HRB was observed in the 

specimen of AZ31B alloy. Results depicted that the value of 

hardness was significantly improved due to the reinforcement 

of GNPs particles. The peak value of hardness was found to be 

72 HRB in the specimen of AZ31B/ 1.2% of GNP. A similar 

effect of reinforcement of ceramic particles in AZ31 material 

was observed by the other researchers also [16]. 

Figure 14 shows the results of the influence of GNPs 

particle reinforcement on the impact strength of the developed 

MMCs. It was observed that the value of impact strength of 

the material is decreased by the increase of reinforcement 

percentage because ductility of the material is decreased by the 
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addition of ceramic particles into the AZ31 matrix material. 

The peak value of impact strength was found to be 12.6 J/cm2 

in the specimen of the AZ31 matrix material. The lowest value 

of impact strength was found to be 6.82 J/cm2 in the specimen 

of AZ31/1.2% GNP MMCs. 

 

 
 

Figure 13. Hardness versus GNP percentage 

 

 
 

Figure 14. Toughness versus GNP percentage 

 

 

4. CONCLUSION 

 

In this study, the metal matrix composite of AZ31/GNPs 

was successfully cast through stir casting technique. Further 

mechanical properties of the casted composite have been 

evaluated. The following conclusion can be drawn from this 

work: 

⚫ Stir casting technique is a suitable process for the 

development of magnesium-based metal matrix 

composite. 

⚫ Tensile strength of the developed MMCs was increased 

due to the reinforcement of GNPs particles into the 

matrix AZ31B material. The peak value of tensile 

strength was found to be 333.68 MPa in the specimen of 

AZ31B/1.2wt.% GNP composite. 

⚫ The hardness of the fabricated MMCs was increased by 

the addition of GNPs particles. The peak value of 

hardness was observed 72 HRB in the specimen of 

AZ31B/1.2wt.% GNP composite whereas the lowest 

hardness of 49 HRB was observed in the specimen of the 

AZ31 matrix material. 

⚫ The percentage elongation of the material is decreased by 

the increase of GNPs percentage. Percentage elongation 

of matrix material was observed maximum of 11.296% 

and lowest value of percentage elongation was found 

9.21% in the specimen of AZ31B/1.2wt.% GNP. 

⚫ Impact toughness was decreased by addition of GNPs 

particles into the matrix material. the value of toughness 

was found to be 12.6 J/cm2 in the sample of matrix 

material whereas the toughness value was observed about 

6.82 J/cm2 in the specimen of AZ31/12.% GNP MMCs. 

⚫ This study was limited to the effect of GNPs 

reinforcement only the presented methodology can be 

applied for the development of hybrid composite and the 

influence of other ceramic particles on the mechanical 

properties of magnesium-based composite material. 
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