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Abstract
Hybrid aluminium matrix composites are preferred for structural applications due to their tailored material 
properties. In the current study, aluminium-7029 alloy with boron carbide (5, 10, and 15 wt%) and a constant 
weight percentage of graphite (5 wt%) were produced by the stir casting route. Scanning Electron Microscope 
and X-Ray Diffraction were used to characterize the composites. The cast alloy and hybrid composites were 
evaluated for physical (density and porosity) and mechanical (hardness, tensile, compressive and impact) 
properties by experimental and statistical methods. The porosity of the cast samples was minimal (<5%) and 
the hybrid composite weight decreased (2.4%) with the increase of reinforcements as revealed by the density 
test. Al7029/15wt%B4C/5wt%Gr (sample C3) hybrid composite hardness (126 BHN) and compressive strength 
(586.841 MPa) were found to be the best to get the better property with more reinforcement. Tensile (253.455 
MPa) and impact strength (7 J) were the highest for the Al7029/5wt%B4C/5wt%Gr (sample C1) hybrid composite. 
Results obtained by a regression model developed using MINITAB were in good agreement with experimental 
values. The additions of B4C and Gr were found to improve mechanical properties significantly, as confirmed 
by analysis of variance.
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1 Introduction

Composites can be used in different ways in the  
aerospace and automotive industries because they have 
unique properties, especially the. Aluminium alloys in 
the 7-xxx series [1]. It is used in structural applications  
because of its lightweight and better properties, such as  
a high strength-to-weight ratio [1], [2]. By combining  
appropriate matrix, reinforcement, and processing 
techniques, the characteristics of Al7029 can be 
adapted to the needs of various industrial applications.  
Efforts have recently been undertaken to build composites  
with hard reinforcements, such as boron carbide (B4C), 
silicon carbide (SiC), tungsten carbide (WC), graphite 
(Gr), etc., In the current scenario, most automotive 
structural and engine components are replaced by 

lightweight, high-strength aluminium metal matrix 
composites (AMMCs) [3]–[5]. Aluminium alloy 
reinforced with ceramic particles has been shown to 
have improved mechanical properties. B4C enhances 
tensile, impact, and toughness properties, as well 
as interface bonding with the aluminium matrix, 
and Gr reduces the composite wear rate due to its 
self-lubricating capabilities. The most widely used  
industrial method for creating aluminium-based  
composites is stir casting due to its suitability for 
mass production and low cost [6]–[10]. Tungsten 
carbide (WC), fly ash (FA), B4C and coconut shell 
fly ash (CSFA) were added to fabricate Al7xxx based 
hybrid composites. Results revealed that the composite  
possessed the higher hardness (94.4–169.5 BHN) and 
the better ultimate tensile strength (UTS) (233.33 MPa) 
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than the base alloy. Scanning Electron Microscope 
(SEM) micrographs reveal that reinforced particles act 
as barriers to material fracture [2], [11]. 
 The Al356 based hybrid composites were fabricated  
by stir casting with the addition of Gr and B4C. Test 
results revealed an increase in hardness, which resulted 
in a decrease in ductility. The density of the composite 
was found to be reduced by about 20% when compared 
with the base alloy [12]. The fractography results show 
that the 3%h-BN/6%ZrO2 composite has the highest 
hardness (92 BHN) and the maximum ultimate strength 
(187 MPa) with the enhanced wear rate [13]. The 
Al6061/SiC/Gr composite tensile strength increased 
(192 MPa) by 22% with a decrease in density of 7% 
compared to the Al6061/SiC composite. SEM found 
that the hybrid composite's properties were improved 
because it had more SiC particles [14].
 Metal composites are being investigated for 
the optimization of data received from mechanical  
properties and corrosion tests carried out using standard  
testing methodologies [15], [16]. The flexural strength 
of Al6061/2%SiC/2%B4C was found to be high, along 
with tensile strength (128 MPa) and hardness (45.8 
BHN). The reduced ductility, as confirmed by SEM 
results, is due to the increase of ceramic reinforcements 
[17]. The reinforcement effect and corrosion behavior 
of hybrid metal composites using the ASTM standard 
testing method for tensile and hardness were evaluated 
and found to have increased reinforcement as a direct 
effect on mechanical properties [18], [19]. 
 Physical and mechanical properties of the 
Al356.1/B4C composite at temperatures of 800 ºC and 
1000 ºC were found. With an increasing B4C weight 
percentage, the density of the composite decreased 
and the porosity increased. At 15% wt% B4C, ultimate 
porosity was found to be higher. At 15 wt% B4C, the 
UTS (211MPa) and hardness (94 BHN) were found to 
be the highest, due to particle strengthening at higher 
temperatures. The test results were validated by an 
artificial neural network [20]. An experimental and 
factorial design approach was used to find the micro 
hardness, tensile, and compression properties. The 
hardness of the hybrid composite enhanced by B4C 
particle addition, Al7075/5%B4C/5%RHA composite 
compressive strength (563 MPa), and Al7075 alloy 
with 5 wt% B4C tensile strength were higher. The 
presence of increased B4C particle reinforcement was 
the cause of the improved mechanical properties and 

was confirmed by SEM [21]. The addition of more Gr 
(2–12 wt%) particles to the Al6351 alloy reduced its 
tensile and hardness. This was due to the brittle nature 
and improper distribution of Gr particles in the matrix, 
as confirmed by SEM micrographs [22]. Nano-sized 
B4C (3–6 wt%) was found to affect the mechanical 
properties of Al7075 alloy. The hardness, compressive, 
and tensile strength of the composite were found to be 
higher at 6 wt% B4C due to a decrease in strain rate [23].
 In the present work, aluminium alloy (Al-7029), 
B4C, and Gr hybrid composites were fabricated using 
conventional stir casting. In the view of lightweight 
structural applications, B4C and Gr particles are 
chosen. Since their densities are the same, and with 
enhanced strength, they can decrease the weight 
of the composite. The prepared composites were  
evaluated for physical and mechanical properties. 
Both experimental and statistical approaches were 
employed for correlating the results. The composite 
microstructures, elements presence and material phase 
were studied using SEM and X-ray diffraction (XRD).

2 Materials and Methods 

2.1  Raw material

The matrix and reinforcing material make up the  
hybrid MMCs (HMMCs). As matrix material, Al7029 
(Supplier: Fenfe Metallurgicals, India) is used and, as 
reinforcing materials, B4C (Supplier: Speedfam, India) 
and Gr (Supplier: Graphite India, India) are selected. 
The chemical composition of the Al7029 alloy is 
indicated in Table 1, and the material composition is 
indicated in Table 2. The Al7029 hybrid composites 
were produced with commercially available boron 
carbide and graphite reinforcements (a particle size 
average of 50 µm).

2.2  Fabrication of hybrid composite 

In a 5-kW electrical furnace, the stir casting method 
was employed to create hybrid Al7029/B4C/Gr  
composites. Al7029 was kept in a graphite crucible for 
90 min at a temperature between 600 and 700 ºC. As 
the Al7029 ingot material reached the molten stage, 
Mg (3%) was added to facilitate wettability within 
the matrix and reinforcement. To obtain the uniform 
distribution of B4C particulate (50 µm) in the Al7029 
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matrix, B4C was pre-heated to 500 ºC and poured into 
the molten metal and stirred at a constant speed of 
150 rpm for 15–20 min. Pre-heated graphite (5 wt%) 
was added to the pre-mixed molten Al7029 with B4C. 
Stirring is continued for another 10–15 min to ensure 
that Gr and the molten metal is well mixed. To reduce 
casting defects, hexachloroethane is used. Hot molten 
metal is transferred to a pre-heated die and allowed to 
solidify at room temperature [7], [10].

Table 1: Chemical composition of Al7029 alloy 
Element Mass Fraction %

Si 0.1
Fe 0.12
Cu 0.5–0.9
Mn 0.03
Mg 1.3–2
Zn 4.2–5.2
Ti 0.05
V 0.05
Al Bal

Table 2: Material composition in weight percentage
Sample Al7029 B4C Gr

A 100 0 0
C1 90 5 5
C2 85 10 5
C3 80 15 5

2.3  SEM and XRD analysis

SEM and XRD micrographs of Al7029 and hybrid 
Al7029 composites are shown in Figures 1–4. The B4C 
and Gr particles are uniformly dispersed throughout 
the Al7029 matrix, which are noticed through SEM  
micrographs [Figures 1(a), 2(a), 3(a), and 4(a)]. In 
grain boundary regions, B4C particles are caught in 
dendritic geometrical entrapment, which increase the 
bonding between the matrix and the reinforcement 
[10]. Also, both reinforcements act as impediments to 
dislocations in the boundary region [17]. Figures 1(b),  
2(b), 3(b), and 4(b) from the XRD analysis show 

Figure 1: Characterization of sample A, (a) SEM micrograph, (b) XRD pattern.

Figure 2: Characterization of sample C1, (a) SEM micrograph, (b) SEM micrograph.
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an increase in peak height at the higher B4C weight  
percentages. An aluminium phase and the elements Zn 
and Mg can be seen at peaks of 38°, 45°, 65°, and 78°. 
 The presence of graphite is indicated by an X-ray  
intensity peak of 26° and 54°. The X-ray intensity 
of B4C particles ranges from 23° to 36° [24], [25].  
Uniform particle distribution noticed from SEM and 
XRD graphs confirms elemental presence with no 
phase change within the matrix, which would enhance 
the mechanical properties of HMMCs.

2.4  Density and porosity test

The density was calculated using the well-known  
Archimedes principle: knowing the mass and volume 
of an object allows calculating the density. Porosity, 
or void fraction, is a measure of the voids in a material 
and is a fraction of the volume of voids over the total 
volume, between 0 and 1, or as a percentage between 
0% and 100%.

2.5  Micro hardness test

The hardness of HMMCs is measured using the Brinell 
hardness testing method (Make: Mechatronic Systems 
QNESS 60M EVO). The ASTM standard for hardness 
testing used was E-10. The Brinell method measures 
the permanent depth of indentation produced by  
applying a load of 240 kgf for a time period of 30 s 
on AMMCs. Five different readings were taken on 
the same sample, and an average value was taken 
[26]–[30].

2.6  Tensile test

The cast samples were machined according to ASTM 
standard E-8 and tensile tests were performed using 
a universal testing machine (UTM) with a load cell 
capacity of 0–50 kN (Make: BiSS Microsystems: 
UT-02-005). Cross head speed moved upwards at a 
constant rate of 8×10–4 m/s. For each composition, five 

Figure 3: Characterization of sample C2, (a) SEM micrograph, (b) XRD pattern.

Figure 4: Characterization of sample C3, (a) SEM micrograph, (b)  XRD pattern.
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samples were tested, and the average was considered 
for the study.

2.7  Compression test

The compression test was carried out in accordance 
with ASTM standard E9. The compression test is 
performed on a cylindrical object using a universal 
testing machine with a load cell capacity of 0–50 kN 
(Make: BiSS Microsystems: UT-02-005) where the 
sample shortens in length with an applied compressive 
load. The sample changes in diameter and length are 
found as the cross head of UTM that moves inwards 
at a constant rate of 6×10–4 m/s. For each composition,  
five samples were tested, and the average was  
considered for the study.

2.8  Impact test

Impact resistance of the test samples is found as per 
the ASTM E23 standard with a hammer weight of 
150 N (Make: Mechatronic systems: AIT-300-MA). A 
notched test sample was used to calculate the impact 
strength and five samples from each composition were 
tested, and an average value was taken.

3 Results and Discussion

3.1  Density and porosity

The theoretical versus experimental density plot is 
shown in Figure 5, where the difference in density 
noted was very minimal comparing between the cast 
sample and the theoretical value. This variation in 

density is due to casting defects and is confirmed by the 
presence of porosity in the cast sample, which is less 
than 5% as shown in Figure 6. Shirvanimoghaddam 
et al. were found similar results in that the weight of the 
hybrid composite reduced with an increase in weight 
percentage of reinforcements, due to low density of 
B4C and Gr [20], [31].

3.2  Hardness test: experimental and statistical effects

Figure 7(a) depicts the Brinell hardness results for 
the test samples obtained from the experimental tests. 
Al7029 alloy hardness value of 67 BHN was found, 
and a maximum hardness value of 126 BHN was found 
for sample C3. The increase in hardness was due to 
an increase in B4C particle weight percentage and 
constant wt% of Gr particles [28], [29], [32]–[36]. A 
linear model built using the statistical tool MINITAB 
and the regression Equation (1) been developed to 
evaluate the hardness results obtained experimentally.

Table 3: ANOVA results for Hardness test

Source Df SS Msq F-value P-value % 
Contribution

Reg 2 1969.26 984.63 8960.08 0.0078 -
B4C 1 799.51 799.51 7275.54 0.0072 81.19
Gr 1 310.20 185.10 1684.41 0.0017 18.81

Error 1 0.11 0.11
Total 3 1969.36 `

R2 = 99.92% and Adj. R2 = 99.77%; Df - Degree of freedom;  
Reg - Regression; SS - Sum of Squares; Msq - Mean Square

Hardness = 67.00 + 2.5* wt.% B4C + 4.4*wt.% Gr
 (1)

Figure 5: Theoretical vs Experimental density. Figure 6: Porosity of cast samples.
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 Figure 7(b) depicts the plots of the experimental 
and statistical values. The error value found was less 
than 5%, which confirms the adequacy of the results.  
From Table 3, it is found that the P-value of the model 
is 0.0078, which is found to be much less than 0.05 
and implies that there is only 0.78% chance of error in 
the model due to noise. Therefore, the built regression  
model is very significant. From the literature, it is 
found that the regression model is reliable if the  
regression coefficient (R2) exceeds 0.9 [37]. From the 
regression analysis for the built model, the R2 value 
is found to be 0.9992. Table 3 also shows that B4C  
contributes 81.19% to hardness and Gr contributes 
18.81% to hardness. Figure 7(c) depicts the effect 
of B4C and Gr weight percent on hardness. The 
increase in hardness was due to an increase in B4C 
particle weight percentage and a constant wt.% of Gr 
particles. The 3D contour plot shown in Figure 7 (d) 
confirms that the sample C3 has the highest hardness 
of all, and that hardness increases with an increase in  
reinforcement. The constant weight percent of Gr 
particles reduced the porosity of the composite and 
the hardness of HMMCs was found to increase with 
an increase in B4C particles. The obtained results  
correlate with the work done by Sharath et al. [7] and 

Subramaniam et al. [11].
 
3.3  Tensile test: experimental and statistical effects

Figure 8(a) depicts the maximum tensile strength 
(TS) for test samples obtained from experimental tests  
using UTM. The Al7029 alloy showed a tensile 
strength of 180.14 MPa. A maximum TS of 254.121 
MPa was found for sample C1. The TS of composites 
improved up to 10 wt% of reinforcement added and 
decreased thereafter. However, sample C2 showed an 
increased strength of 21.44% compared to the base 
alloy. Material strengthening is observed with the 
presence of Gr and a greater weight percentage of B4C. 
Verma et al. [21] and Madhu et al. [28] were found 
with similar results for 7-series aluminium alloy.
 The fractured surface micrographs of tensile test 
samples obtained from SEM are shown in Figure 9.  
As shown in Figure 9 sample A, micro void  
inclusion caused the formation of a crack and ductile 
fracture in Al7029 alloy. Similar results are found by  
Subramaniam et al. [11] where the grain boundary 
is in transgranular form and the addition of ceramic  
reinforcement leads to brittle fracture. However, the 
tensile strength of HMMCs was very much higher 
than the base alloy. Therefore, the failure is due to the  

Figure 7: Hardness characteristics, (a) Hardness Value of samples, (b) Error graph, (c) Effect of Reinforcement 
on Hardness, (d) 3D contour plot.
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ductile and brittle nature of hybrid composites in  samples  
C1–C3 as shown in Figure 9. HMMCs' resistance to 
elongation load varies because of the crack initiated 
and leads to brittle fracture with the propagation of the 
crack as found to be similar by Gangadhar et al. [2].
 A linear model built using the statistical tool 
MINITAB and the regression Equation (2) has been 
developed to evaluate the tensile strength results  
obtained experimentally.

TS = 180.14 – 4.56* wt% B4C+19.23*wt% Gr (2)

 Figure 8(b) depicts the plot of the experimental 
and statistical values. The error found was less than 
5%, which confirms the adequacy of the results. From 
Table 4, it is found that the P-value of the model is 
0.0033, which is found to be much less than 0.05 and 
implies that there is only a 0.33% chance of error in 
the model due to noise. Therefore, the built regression  
model is very significant. From the literature, it is 
found that the regression model is reliable if the  
regression coefficient (R2) exceeds 0.9 [37]. From the 
regression analysis for the built model, the R2 value 
was found to be 0.9991. Table 4 also shows that B4C 
contributes 72.69% and Gr contributes 27.31% to 
tensile strength. 

Table 4: ANOVA results for tensile test of composites
Source Df SS Msq F-value P-value % 

Contribution
Reg 2 2953.9 1476.9 2215.5 0.003 -
B4C 1 2772.6 2772.5 4158.8 0.003 72.69
Gr 1 1041.3 1041.3 1561.9 0.003 27.31

Error 1 0.12 0.12
Total 3 2954.1

R2 = 99.91% and Adj. R2 = 99.73%

 Figure 8(c) depicts the effect of B4C and Gr 
weight percentages on tensile strength. For all 
other compositions, the tensile strength up to 10%  
reinforcement was the highest and found to be greater 
than sample A. The 3D contour plot shown in Figure 8(d)  
also confirms that the sample C3 has the highest tensile 
strength. The tensile strength of HMMCs is reduced 
after 15 wt% of reinforcement due to the brittle nature 
of the material [2], [38].

3.4  Compression test: experimental and statistical 
effects 

The compressive characteristics for test samples  
obtained from an experimental test using UTM are as 
shown in Figure10(a). Sample A showed a compressive  
strength (CS) of 346.205 MPa. The maximum CS 

Figure 8: Tensile characteristics, (a) Tensile Strength of samples, (b) Error graph, (d) 3D contour plot.
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of 586.841 MPa was found in sample C3. A linear 
model built using the statistical tool MINITAB and the 
regression Equation (3) was developed to evaluate the 
compression strength results obtained experimentally.

CS = 346.20 + 14.51* wt% B4C + 4.39*wt% Gr (3)

Table 5: ANOVA results for Compressive test
Source Df SS Msq F-value P-value % 

Contribution
Reg 2 5143.14 2571.57 3625.91 0.0041 -
B4C 1 1985.24 1985.24 2799.18 0.0083 77.23
Gr 1 585.14 585.14 825.04 0.050 22.77

Error 1 0.13 0.13
Total 3 5143.27

R2 = 99.99% and Adj. R2 = 99.97%

 From Table 5, it is found that the P-value of the 
model is 0.05, which is found to be a significant value 
and implies that there exists only a 5% chance of error in 
the model due to noise. Therefore, the built regression  
model is significant. From the literature, it is found 
that the regression model is reliable if the regression 
coefficient (R2) exceeds 0.9 [37]. From the regression 
analysis for the built model, the R2 value was found 
to be 0.9999. Table 5 also shows that B4C contributes 
77.23% to CS, while Gr contributes 22.77%. The  
effect of B4C and Gr weight percentages on compressive  

strength is shown in Figure 10(c).
 The increase in compressive nature was due to 
an increase in B4C particle weight percentage and 
constant wt% of Gr particles. The 3D contour plot 
shown in Figure 10(d) confirms that the sample C3 
has the highest strength of all and that CS increased 
with an increase in reinforcement. Results obtained 
by Kuldeep et al. and Verma et al. were similar where 
the constant weight percent of Gr particles reduced the 
porosity of the composite and the compressive strength 
of HMMCs was found to increase with an increase in 
B4C particles [13], [21].

3.5  Impact test: experimental and statistical effects 

Figure 11(a) depicts the impact characteristics of test 
samples obtained from experimental tests. Sample A 
has an impact energy (IE) of 2 J. The maximum IE of 
7 J was found for sample C1. The IE of composites 
improved up to 10wt.% of reinforcement added and 
decreased thereafter. However, sample C2 showed an 
increased impact strength of 66.66% more than sample 
A. Material strengthening is observed with the presence  
of Gr and a greater weight percentage of B4C [28].
 The fractured surface micrographs of impact test 
samples obtained from SEM are shown in Figure 12.  
Figure 12(a) depicts the formation of a crack and 

Figure 9: Tensile fractured samples micrographs,(a) Sample A, (b) Sample C1, (c) Sample C2, (d) Sample C3.



9

K. S. Madhu et al., “Characterization and Evaluation of Mechanical Properties of Al-Zn Based Hybrid Metal Matrix Composites.”

Applied Science and Engineering Progress, Vol. 16, No. 1, 2023, 5804

ductile fracture in sample A as a result of micro void 
inclusion. The brittle fracture was observed in the 
highly stressed region that initiated the crack, and 
particle clustering was not observed due to the uniform 
distribution shown in Figure 12(b)–(d).

 The impact strength of HMMCs was very much 
higher than that of the base alloy. B4C and Gr particles 
act as barriers to dislocation. Impact energy increased 
with better bonding between particles. Trans granular 
cleavages and intergranular cracks lead to brittle fracture  

Figure 10: Compressive characteristics, (a) Compressive Strength of samples, (b) Error graph, (c) Effect of 
Reinforcement on  Compressive Strength, (d) 3D contour plot.

Figure 11: Impact characteristics, (a) Impact Strength of samples, (b) Error graph, (c) Effect of Reinforcement 
on  Impact Strength, (d) 3D contour plot.
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[11], [38]. A linear model built using the statistical 
tool MINITAB and the regression Equation (4) was  
developed to evaluate the tensile strength results  
obtained experimentally.

IE = 2 – 0.30* wt% B4C +1.333*wt% Gr (4)

 Figure 11(b) depicts the plot of the experimental 
and statistical values. The error found was less than 
5%, which confirms the adequacy of the results. 

Table 6: ANOVA results for Impact test

Source Df SS Msq F-value P-value % 
Contribution

Reg 2 22.6 11.3 94.7 0.0076 -
B4C 1 15.9 15.9 133.9 0.0084 76.59
Gr 1 4.9 4.87 40.9 0.0044 23.41

Error 1 0.09 0.09
Total 3 22.7

R2 = 99.41% and Adj. R2 = 98.23%

 From Table 6, it is found that the P-value of 
the model is 0.0084, which is found to be equal to a 
significant value and implies that there is only 0.84% 
chance of error in the model due to noise.
 Therefore, the built regression model is significant.  
From the literature, it is found that the regression  

model is reliable, if the regression coefficient (R2)  
exceeds 0.9 [31]. From the regression analysis for the 
built model, the R2 value was found to be 0.9941. Table 6  
also shows that B4C contributes 76.59% of the total 
impact energy, while Gr contributes 23.41%. 
 Figure 11(c) depicts the effect of B4C and Gr 
weight percentages on impact strength. The impact 
strength up to 10 wt% of reinforcement was the 
highest and found to be more than sample A. The 
3D contour plot shown in Figure 11(d) also confirms 
that the sample C1 has the highest impact strength. 
Results obtained by Gangadhar et al. and Kuldeep  
et al. were similar where the impact strength of HMMCs  
was reduced after 15 wt% of reinforcement due to the 
increased brittle nature of the material [2], [13].
 
4 Conclusions

Hybrid Al7029/B4C/Gr composites were successfully 
fabricated using the stir casting route. The hybrid 
composites were evaluated for mechanical behavior by 
experimental and statistical studies, which concluded 
that uniform particle (B4C and Gr) distribution within 
the matrix (Al7029) was confirmed by SEM analysis. 
XRD analysis confirms that there is no additional 
phase change in HMMCs. The porosity of cast samples  
was minimal and found to decrease from sample 

Figure 12: Impact fractured  micrographs: (a) Sample A, (b) Sample C1, (c) Sample C2, (d) Sample C3.
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A1 to C2, whereas in sample C3, porosity increased 
due to particle agglomeration at a higher wt% of  
reinforcement. The weight of hybrid composites 
is reduced due to the low density of B4C and Gr  
compared to Al7029 alloy. The hardness and com-
pressive strength of the hybrid composite increased 
because the reinforcement was evenly distributed 
and there was a strong bond between the matrix and 
the reinforcement. The reinforcements (B4C and Gr) 
added to the Al7029 matrix increased tensile and 
impact strength for all compositions compared to the 
Al7029 alloy. Tensile and impact strength of the hybrid 
composite increased up to 10 wt% of reinforcement. 
Further, the decrease in energy absorption capacity is 
due to cracks and micro pores formed. Fractured SEM 
micrographs justify that B4C and Gr act as barriers to 
dislocation within the matrix and absorb energy due 
to their high fracture toughness. The experimental 
and statistical results are in good agreement with each 
other with nominal error. The addition of B4C and 
Gr improved mechanical properties, and the Al7029/ 
10 wt%B4C/5 wt%Gr hybrid composite (sample  
C2 with a hardness of 41%, a tensile strength of 
22%, a compressive strength of 32%, and an impact 
strength of 60% more than the base alloy) could be the 
best composite suited for aerospace and automotive  
structural applications. Future plans for the work can 
be extended to check the tribological suitability of 
hybrid composites.
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