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Abstract
In this study, AA7075/SiC/TiB2 hybrid composites were fabricated using the top-loaded bottom-pouring stir-casting route. 
The primary reinforcement, silicon carbide (SiC), and the secondary reinforcement, titanium diboride  (TiB2), were used in 
weight percentages of 0–12% and 3%, respectively. The effect of reinforcement addition on the microstructure, physical, 
mechanical, and tribological properties of the hybrid composites was investigated using a Scanning Electron Microscope 
(SEM) with Energy Dispersive X-ray (EDX), as well as tensile, compression, hardness, and wear testing machine. The results 
showed that the addition of SiC and  TiB2 reinforcement materials can significantly enhance the ultimate tensile strength, 
yield strength, compressive strength, and hardness of the hybrid composite, with a maximum increment of 21.86%, 20.33%, 
46.32%, and 32.56%, respectively, compared to unreinforced AA7075 alloy. The microstructure results indicated a homogene-
ous particle dispersion in the molten matrix. The SiC and  TiB2-reinforced AA7075 matrix composites present an excellent 
choice for automotive, aerospace, and marine applications.
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1 Introduction

The rich availability, around 8% of the mass of our earth's 
crust, is aluminium, making it the third most useful material 
after silicon and oxygen [1]. Currently, lightweight materials 
are in higher demand in the aircraft and vehicle industries 
[2]. Recent years have seen a lot of interest in aluminium 
and composites due to their low density and unique char-
acteristics, including high strength, damping capacity, and 
wear resistance [3]. The wide use of aluminium metal matrix 
composites in aerospace, automobile, structural, and naval 
engineering has established them as a new class of engineer-
ing materials [4]. To improve its mechanical and tribological 
properties, researchers have added numerous reinforcements 
(particles) to the base metal [5, 6]. There are several tech-
niques to make aluminium metal matrix composites, includ-
ing stir casting [7, 8], powder metallurgy, hot forging [9], 

friction stir processing [10, 11], sintered through conven-
tional technique [12] and squeeze casting [13]. Stir casting 
is generally preferred over other manufacturing processes 
for fabricating aluminium hybrid reinforced composites [14, 
15]. This method offers ease of production and is an eco-
nomical way to prepare composites [16]. For this reason, stir 
casting has been used in current research to fabricate hybrid 
composites. This technique's wettability of reinforcements 
with the matrix alloy is a critical challenge. Calcium powder 
was used as a viscosity-enhancing agent, as well as silicon 
carbide (SiC), and titanium diboride  (TiB2) as a reinforc-
ing agent, which helped improve aluminum reinforcement's 
wettability. Extensive research has been conducted to inves-
tigate the physical and mechanical properties of compos-
ites comprising various aluminum series and reinforcement 
materials. All aluminum series have different strengths, but 
AA7075 is the strongest and has the greatest potential for 
dry sliding wear applications [17]. AA7075 exhibits the 
greatest strength, hardness, and lowest wear rate among all 
aluminum series, including 1XXX, 2XXX, 3XXX, 6XXX, 
and 7XXX. A low weight-to-strength ratio, excellent wear 
resistance, and low creep resistance make it an excellent 
choice for automobiles, aerospace, sports, and electronics 
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applications [18, 19]. This study uses silicon carbide (SiC) 
as a primary reinforcement and titanium-diboride  (TiB2) as 
a secondary reinforcement. The chemical compatibility of 
SiC with aluminium allows it to form a strong bond with 
the matrix [20–22].  TiB2 possesses outstanding properties 
such as its high melting point at 3,230 °C, its high hardness 
(960 HV), its high elastic modulus (530 GPa), and its supe-
rior thermal stability [23, 24]. Because of their outstanding 
qualities, SiC and  TiB2 are excellent choices for primary and 
secondary reinforcement for advanced applications in auto-
motive, weaponry, aviation, and aerospace. Parts which are 
used in automotive, weaponry, aviation, and aerospace sub-
jected to extremely high temperatures which require strong 
abrasion resistance. In such type of advanced application 
applications SiC and  TiB2 are excellent choices for primary 
and secondary reinforcement because of their outstanding 
properties. Properties of matrix and the used reinforcement 
particles are included in Table 1.

Many authors reported the effect of reinforcement on 
the properties of different aluminium series. Still, to our 
knowledge, no systematic research has been done to inves-
tigate how SiC and  TiB2 concentration affect the physical, 
microstructural, mechanical, and tribological behavior of 
the AA7075 composite. The prime objective of this inves-
tigation is to fabricate and study the effect of varying wt.% 
of SiC and  TiB2 on the physical, microstructural, mechani-
cal, and tribological properties of AA7075/SiC/TiB2 hybrid 
composites. In the present work, different weight % of SiC 
(3, 6, 9, and 12 wt. %) and 3 wt. % of  TiB2 particles have 
been added to the synthesis AA7075/SiC/TiB2 hybrid com-
posites by top loaded bottom pouring stir casting method. 
Microstructure, physical properties (theoretical, actual den-
sity and porosity), Mechanical properties (yield strength, 
ultimate tensile strength, percentage of elongation, compres-
sive strength and hardness) and tribological properties were 
analyzed.

This article has the following structure. Section 1 dis-
cusses the introduction of composite material with research 
gap identified. Section 2 explains the details procedure of 
experimental analysis i, e material fabrication, microstruc-
tural, and mechanical characteristics. Section 3 describes the 
result and discussion i, e effect of various parameters on the 
mechanical characteristics of aluminium hybris composites. 
Section 4 concludes this paper.

2  Experimental Details

2.1  Materials

In this study, the researchers utilized the 7075 Al alloy as 
the matrix metal due to its extensive application in various 
industrial sectors, including automotive, aerospace, marine, 
construction, and outdoor environments [27]. Additionally, 
its suitability for ageing heat treatment made it readily acces-
sible [28–30]. Table 2 depicted the chemical composition 
of the matrix material, which was obtained using energy 
dispersive spectroscopy (EDS) conducted on a scanning 
electron microscope (SEM). AA7075/SiC/TiB2 hybrid 
composite was created using different weight percentages 
of SiC (3%, 6%, 9%, and 12%) while maintaining a constant 
weight percentage of  TiB2 at 3%, as shown in Table 3. The 
presence of  TiB2 particles improved the tribological and 
hardness characteristics of the composite while maintain-
ing excellent chemical bonding and stability [31]. Hence, the 
weight percentage of  TiB2 remains unchanged. khairakdien 
et al. [32] examined the influence of SiC reinforcement on 
aluminium matrix and noticed that increasing the weight 
percentage of SiC beyond 15 wt. % resulted in a significant 
decrease in strength. Therefore, to ensure that the reinforce-
ment weight percentage remains below 15 wt.%, the weight 

Table 1  Properties of matrix 
and reinforcement material

Matrix material 
(AA7075) [17, 23]

Reinforcement material

SiC [6, 18, 23, 25, 26] TiB2 [4, 6, 23]

Density (g/cm3) 2.81 3.21 4.52
Melting point 470–550 °C 2730 °C 2790 °C
Modulus of elasticity (GPa) 71.7 400–500 530
Poisons ratio 0.33 0.14 0.1–0.15
Hardness 2,300–2,850 HV 960 HV
Tensile strength (MPa) 230 MPa 3900
Yield strength 105 MPa

Table 2  Chemical composition 
of AA7075

Element Cu Mg Al Si Ca Mn Fe Zn

Weight % 2.1 3.81 86.18 0.75 0.06 0.82 0.76 5.52
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percentage of SiC was varied as follows: 0%, 3%, 6%, 9%, 
and 12%, respectively.

2.2  Material Synthesis

Hybrid aluminum AA7075 metal matrix composites were fab-
ricated using the top-loaded bottom-pouring stir-casting fur-
nace shown in Fig. 1. Initially, aluminium alloy AA7075 was 
taken in the crucible placed in a top-loaded bottom-pouring 
stir casting furnace and melted at 750 °C. To eliminate vola-
tile substances and reduce temperature differentials between 
the molten metal and reinforcement particles, the SiC (par-
ticle size: 25 μm) and  TiB2 (particle size: 15 μm) reinforce-
ments were placed in a separate muffle furnace and preheated 
at 450 °C. After the melting of the AA7075 alloy, the tem-
perature of the stir-casting furnace was raised from 750 °C 
to 900 °C. After that vortex formation was achieved by stir-
ring molten metal at 350–450 revolutions per minute using 
a graphite impeller. The preheated (450 °C) SiC and  TiB2 
particles were fed into the molten metal by using the feeder. 
After adding the reinforcement particles completely, the melt 

was mechanically stirred at 500–550 rpm until completely 
incorporated. Stirring was continued for 5 min to ensure bet-
ter distribution. Sahu et al. [19] suggested the above optimal 
stirring process parameter for AA7075 alloy. A thoroughly 
mixed melt was put in to preheat the graphite-coated cast iron 
finger dies shown in Fig. 2 (a). Finally, the solidified cast melt 
was removed from the die, as depicted in Fig. 2(b).

2.3  Density

After the fabrication of the hybrid composite, the sample was 
cut through the machining process. The density of matrix 
(AA7075) and reinforcement SiC and  TiB2 are 2.81 g/cm3, 
3.21 g/cm3 and 4.52 g/cm3, respectively. The rule of mixture 
calculated the theoretical density of hybrid composites by 
using Eq. 1 [33]. The fabricated composites' experimental 
density was evaluated using Archimedes’ principle the detailed 
procedure for evaluating the density has been described in our 
previous work [34]. The porosity of the fabricated composite 
was calculated by using Eq. 2 [35].

where, Wtr1,Wtr2 , and Wtm represents the weight percentage 
of reinforcement 1 (SiC), reinforcement 2  (TiB2) and matrix 
material (AA7075), respectively. �r1,�r2 , and �m represents 
the theoretical density of reinforcement 1 (SiC), reinforce-
ment 2  (TiB2) and matrix material (AA7075), respectively.

(1)�t =
1

Wtr1

�r1

+
Wtr2

�r2

+
Wtm

�m

(2)Porosity(%) =
Theoretical Density-Actual Density

Theoretical Density
× 100

Table 3  Composition of fabricated aluminium matrix (AA7075) 
hybrid composite

Sample Matrix
AA7075 wt. %

Reinforcement

SiC wt. % TiB2 wt. %

S-1 100 0 0
S-2 96 3 3
S-3 91 6 3
S-4 88 9 3
S-5 85 12 3

Fig. 1  Top loaded bottom 
pouring Stir casting Furnace (a) 
schematic view (b) real view
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2.4  Mechanical Properties

The prepared aluminium hybrid composite (AHCs) 
AA7075/xSiC/3 wt. %  TiB2 and AA7075 alloy were exam-
ined for mechanical behavior employing tensile properties, 
compressive properties, and hardness properties. The tensile 
specimen was prepared according to the ASTM E8 stand-
ard shown in Fig. 3 with a gauge diameter of 12 mm and a 
gauge’s length of 70 mm. At room temperature, the UTE/C-
400 universal testing machine was used to conduct tensile 
and compressive tests at a strain rate of 0.01/S. Rockwell 
hardness tests were conducted on the prepared samples using 
a Rockwell hardness machine (FIE make Model IRB-250). 
For the hardness test, an indenter with a 1/16 diamond ball 
and a 100 Kgf load was used to indent the surface of the 

hybrid composite. Three locations were indented, and aver-
age values were reported to ensure accuracy.

2.5  Wear Test

Both unreinforced and reinforced hybrid composite speci-
mens were subjected to dry sliding wear tests on the pin-on-
disc wear testing equipment TR-20LE per ASTM G99 [36] 
requirements. Before the wear test, all the specimens were 
polished with 1200 and 1500-grit emery paper. Both unre-
inforced and reinforced hybrid composite specimens were 
subjected to dry sliding wear tests on the pin-on-disc wear 
testing equipment TR-20LE per ASTM G99 [32]. SISI EN 
32 steel disk was used as a counter surface, and pin (Sam-
ple) with the dimensions of 10 mm diameter and 30 mm 

Fig. 2  Furnace used for making 
hybrid composite (a) graphite-
coated cast iron finger dies (b) 
Casted specimens

a b

Fig. 3  Test samples (a) tensile 
before the test (b) tensile after 
the test (c) compressive (d) 
hardness

a b

c d
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length are used to examine the wear behavior. wear test has 
been carried out in two different conditions such as (i) vary-
ing sliding distance (1000 to 5000 m) at an applied load of 
2 kg and sliding velocity of 1.7 m/s, and (ii) varying loads 
(2–6 kg) with sliding distance 1000 m. For all test samples 
wear track diameter is taken as 100 mm. While experiment-
ing before and after each test the weight of the specimens 
was measured using an electronic weighing Machine with a 
precision of 0.001 mg. Equation 3 was used to compute the 
wear rate for all samples [37].

2.6  Microstructural Test

The samples were polished and etched using standard met-
allographic techniques to examine their microstructure. In 
the first step, the hybrid composite specimens were cut into 
small pieces on a lathe. Subsequently, the samples under-
went a coarse grinding process using emery paper with 
grit sizes of 60 and 80. The objective of coarse grinding 
is to create an initial flat surface for further grinding. Fol-
lowing coarse grinding, the samples were cleaned using 
alcohol. Subsequently, medium and fine grinding were 
performed using 320 grit emery paper to achieve a surface 
free of scratches. After grinding, the samples were polished 
by applying diamond paste onto a velvet cloth, which was 
rotated at 200 rpm for 5-min intervals until a mirror-like 
surface was achieved. This polishing process was carried out 
using a Modern-1 Double Disc Grinder/Polisher machine. 
Subsequently, etching was performed using Keller's etchant 
for a duration of 20–50 s as per our previous study [38]. 
The energy-dispersive X-ray spectroscopy (EDS) technique 
analyzes samples' chemical and elemental composition. 

(3)

Wear rate(mm3∕m) =
weight loss(gm)

Density(g∕mm3) ∗ Sliding distance(m)

The main principle of spectroscopy is based on the unique 
atomic structure of every element. The present study used a 
scanning electron microscope (ZEISS EVO 18) to perform 
EDS on the sample microstructure. At different portions of 
a sample, EDS analysis was performed.

3  Result and Discussion

3.1  Density and Porosity

Figure 4 shows the theoretical and experimental densities 
of the AA7075 alloy (unreinforced) and AA7075/SiC/TiB2 
hybrid composites. The Archimedes principle was used to 
calculate the samples’ experimental densities. The experi-
mental density of the samples obtained in the range of 
2.768–2.815 g/cm3 for AA7075 matrix alloy with the 0–12 
wt. % of SiC and 3 wt. % of  TiB2 respectively. The samples’ 
theoretical density was evaluated using Eq. 1 and calculated 
ranging from 2.81–2.909 g/cm3 for AA7075 matrix alloy 
with the 0–12 wt. % of SiC and 3 wt. % of  TiB2 respectively. 
Due to manufacturing defects involved with casting, experi-
mental density has been affected even with calcium added 
to the melt as wetting agents. The samples exhibit porosity, 
shrinkages, and slag inclusions due to the high temperature 
used to make the molten metal. Several factors caused the 
rise in porosity in the composites. In the aluminium matrix, 
reinforcement particles are distributed homogeneously by 
stirring. This process also controls the accumulation of par-
ticles while increasing reinforcement contents; as a result 
of this stirring process, gas is introduced into the molten 
metal. The gas entrapped during solidification caused poros-
ity. Based on previous studies, the developed reinforced 
composites are in good agreement with their density and 
porosity [39].

Fig. 4  Experimental and 
theoretical density with poros-
ity of hybrid aluminium alloy 
composites
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3.2  Microstructure

Figure 5 represents the SEM images of AA7075 alloy 
(S-1), AA7075 + 6wt. % of SiC + 3 wt. % of  TiB2 (S-3), 
and AA7075 + 6 wt. % of SiC + 3 wt. % of  TiB2 (S-5) 
hybrid composite. MMCs reinforced with SiC and  TiB2 
particles can be seen in SEM images of synthetic hybrid 
aluminium composites. The microstructure of AA7075 
alloy and their hybrid composite are shown in Fig. 5(a), (b) 
and (c) which indicate that SiC and  TiB2 reinforced par-
ticle present in hybrid aluminium matrix composites. The 
AA7075/SiC/TiB2 microstructure conforms to a homoge-
neous particle dispersion on the molten matrix. Figure 6 
shows the higher magnification SEM images (2000x) of 
both unreinforced and reinforced hybrid composite. It has 
been observed from Fig. 6 that the Strong interface bonds 
in hybrid composite compared to unreinforced AA7075 
alloy. The strength of the interface bond plays a major 
role in the transfer of loads between the matrix and rein-
forcement. To transfer loads between reinforcement par-
ticles and matrix, interface bond strength is crucial [40]. 
The dispersion of SiC and  TiB2 particles prevents motion 
due to the dislocation of the particles. It also helps to 
improve the mechanical strength of the hybrid composite. 

Microstructure also reveals that there is proper interfacial 
bonding between the reinforcing particles and the alloy 
matrix. Microstructure of composites displays distribu-
tion of two reinforcing particles SiC and  TiB2 with some 
particle clustering and good interfacial bonding (Fig. 6) 
However, no porosity is noticed. Sometimes, moderate 
interfacial reaction is required to bind the reinforcing par-
ticle with the matrix which results in enhanced interfacial 
bonding. Consequently, improved mechanical properties 
are achieved.

Figure 7(a–c) illustrates the microstructure and EDS 
spectra at three distinct places for hybrid composite 
S-2). It can be seen from Fig. 7(a) that the matrix is 
made of zinc, copper and magnesium as major allow-
ing element (Al-Zn-Cu alloy) containing Si, Ti as minor 
alloying element. Titanium (Ti) is present in the EDS 
due to the  TiB2 reinforcement in the matrix material. 
SiC and  TiB2 were present throughout the hybrid com-
posite, as shown in Fig. 7(b) and (c). Hybrid AA7075 
composites showed strong intermolecular bonds between 
the reinforcement particles and the matrix in the EDS 
spectrum. A mapping of elemental composition for S-2 
at the interfacial position of the matrix and reinforce-
ment is shown in Fig. 8.

Fig. 5  Scanning electron images (SE mode) (a) S-1 (b) S-3 (c) S-5
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3.3  Tensile Strength

The mechanical properties of the AA7075 and its hybrid 
composite reinforced with 0, 3, 6, 9, and 12 wt. % SiC 
and 3 wt. %  TiB2 ceramic particles were determined to 
employ ultimate tensile strength (UTS), Yield strength 
(YS) and elongation percentage, as shown in Figs. 9 and 
10. It was observed that ultimate tensile strength and yield 

strength increased as the content of SiC increased. The 
yield strength obtained in the range of 321.80–387.25 MPa 
for AA7075 matrix alloy with the 0–12 wt. % of SiC and 
3 wt. % of  TiB2 respectively. The YS of AA7075 hybrid 
composite S-2, S-3, S-4, and S-5 increased by 8.94%, 
13.30%, 15.36% and 20.33% as compared to unrein-
forced AA7075 alloy, respectively. The ultimate tensile 
strength was obtained in the range of 335.8–409.23 MPa 

Fig. 6  Higher magnification Scanning electron images (SE mode) (a) S-1 (b) S-3

Fig. 7  EDS analysis at various regions of the properly wetted SiC and  TiB2 with AA7075 matrix
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Fig. 8  Mapping of elemental composition for S-2

Fig. 9  Tensile properties of 
AA7075/SiC/TiB2 hybrid 
composite
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Fig. 10  UTS and percentage of 
elongation of AA7075/SiC/TiB2 
hybrid composite
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for AA7075 matrix alloy with the 0–12 wt. % SiC and 
3 wt. %  TiB2 respectively. The UTS of AA7075 hybrid 
composite S-2, S-3, S-4, and S-5 increased by 9.15%, 
15.72%, 18.29% and 21.86% as compared to unreinforced 
AA7075 alloy, respectively. The percentage of elongation 
of AA7075 hybrid composite decreased with the addition 
of reinforcement SiC and  TiB2. From Fig. 10, the elonga-
tion percentage was obtained in a range of 1.1–6.1% for 
the AA7075 matrix with the 12–0 wt. % SiC and 3 wt. % 
 TiB2 respectively. The lowest elongation percentage was 
obtained at AA7075 reinforced with 12 wt. % SiC and 3wt. 
%  TiB2. The increase in tensile properties like YS, UTS 
and decrease in ductility with the increase in the amount 
of reinforcement is due to the SiC and  TiB2 particles in 
the AA7075 matrix. The SiC particles developed a very 
strong interfacial boding between aluminium matrix com-
posite [41]. These reinforcement particles refine the grains 
during solidification and make a hard interfacial bonding 
between the AA7075 matrix and SiC,  TiB2 reinforcement. 

The interfacial bonding resistance to the motion of disloca-
tion in the AA7075/SiC/TiB2 hybrid composites than the 
AA7075 alloy also transfers the load from the matrix to the 
reinforcements. Enhanced tensile strength typically results 
from grain refinement, combined with direct and indirect 
strengthening. The hybrid composite benefits from the sup-
portive nature of SiC and  TiB2 particles, contributing to 
its increased strength. The incorporation of reinforcement 
leads to enhanced YS and UTS, attributed to the even dis-
persion of SiC and  TiB2, as confirmed by SEM images. The 
tensile properties of hybrid composites are significantly 
influenced by mechanical alloying and the uniform disper-
sion of SiC and  TiB2 within the AA7075 matrix.

3.4  Compressive Strength

Figure 11 shows the compression test result for the fabricated 
AA7075/SiC/TiB2 hybrid composites reinforced with 0, 3, 6, 
9, and 12 wt. % SiC and 3 wt. %  TiB2 ceramic particles. The 

Fig. 11  Compressive strength 
of AA7075/SiC/TiB2 hybrid 
composite
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Fig. 12  Harness value AA7075/
SiC/TiB2 hybrid composite
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compressive strength obtained in the range of 585 to 856 MPa 
for AA7075 matrix alloy with the 0–12 wt. % of SiC and 
3 wt. % of  TiB2 respectively. The compressive strength of 
AA7075 hybrid composite S-2, S-3, S-4, and S-5 increased 
by 18.80%, 29.74%, 38.80% and 46.32% as compared to 
unreinforced AA7075 alloy, respectively. The Compressive 
strength of AA7075/SiC/TiB2 hybrid composite is increased 
with the addition of reinforcement particle SiC and  TiB2. 
Improvement in compressive strength with addition of rein-
forcement particle SiC and  TiB2 in AA7075 is due to effective 
load transfer and grain refinement as seen in microstructure. 

Another reason is the uniform distribution of SiC and  TiB2 
which hinders dislocation movement and strengthening of 
grain boundaries.

3.5  Hardness

Figure 12 shows the Rockwell hardness values for the fab-
ricated hybrid composites reinforced with 0, 3, 6, 9, and 
12 wt. % SiC and 3 wt. %  TiB2 ceramic particles. The 
hardness values obtained in the range of 74.4 to 98.6 HRB 
for AA7075 matrix alloy with the 0–12 wt. % SiC and 3 

Table 4  Comparative study of mechanical properties of aluminium composites

Material Composition Technique YS (MPa) UTS (MPa) % of Elongation Compressive 
strength (MPa)

Hardness

AA7075 AA7075 Stir casting 141.90 8.07 75HV [3]
AA7075 + 6wt%  TiB2 219.67 4.9 101HV
AA7075 + 9wt%  TiB2 250.70 3.2 125HV
AA7075 + 12wt%  TiB2 279.91 2.9 141HV

Al7075 Al7075 Stir casting 109.32 116.91 2.16 110 HV [4]
Al7075 + 2%  TiB2 131.60 138.26 1.98 137 HV
Al7075 + 4%  TiB2 147.95 155.99 1.58 174 HV
Al7075 + 6%  TiB2 172.86 183.89 1.34 182 HV
Al7075 + 8%  TiB2 211.89 227.39 0.56 217 HV

AA7075 AA7075 Stir casting 209 [9]
AA7075 + 3%Flyash + 2.5% 

 TiO2

312

AA7075 + 3%Flyash + 5%  TiO2 373
AA7075 + 3%Flyash + 7.5% 

 TiO2

412

AA7075 + 3%Flyash + 10% 
 TiO2

421

Al7075 Al7075 Stir casting 441.02 504.80 175VHN [17]
Al7075 + 2.5%FA + 2.5%SiC 445.09 511.58 178 VHN
Al7075 + 5%FA + 2.5%SiC 453.23 512.94 183 VHN
Al7075 + 7.5%FA + 2.5%SiC 458.66 517.01 188 VHN
Al7075 + 10%FA + 2.5%SiC 502.08 526.15 195 VHN

Al7075 Al7075 Stir casting 140 3.09 66 HV [23]
Al7075 + 7 wt.% of SiC 192 1.90 82 HV
Al7075 + 7 wt.% of  TiB2 198 1.70 86HV

AA7075 AA7075 Stir casting 210 265 115 BHN [29]
AA7075/2% Al2O3 219 270 117 BHN
AA7075/4% Al2O3 226 275 121 BHN
AA7075/6% Al2O3 229 283 124 BHN
AA7075/8% Al2O3 236 294 134 BHN

Al7075 Al7075 Stir–squeeze 
casting

221 485 60 VHN [39]
Al7075 + 3%  B4C 286 633.6 127.4 VHN
Al7075 + 6%  B4C 296 723.8 145.6 VHN
Al7075 + 9%  B4C 313 759 159.9 VHN
Al7075 + 3%  B4C + 3% BN 322 653.8 143 VHN
Al7075 + 6%  B4C + 3% BN 355 786.77 158.6 VHN
Al7075 + 9%  B4C + 3% BN 368 833.96 171 VHN
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Table 4  (continued)

Material Composition Technique YS (MPa) UTS (MPa) % of Elongation Compressive 
strength (MPa)

Hardness

AA7075 AA7075 Sintered through 
conventional 
technique

112 185 69 HV [43]

AA7075 + 1% SiC 125 198 79 HV

AA7075 + 2% SiC 152 220 82 HV

AA7075 + 3% SiC 190 240 85 HV

AA7075 + 4% SiC 230 280 87 HV

AA7075 + 5% SiC 270 323 89 HV

AA7075 + 6% SiC 295 351 95 HV

AA7075 + 7% SiC 323 382 96 HV

AA7075 + 8% SiC 315 375 96 HV

AA7075 + 9% SiC 289 350 98 HV

AA7075 + 10% SiC 260 322 101 HV

AA7075 + 7% SiC + 1% 
Graphite

329 402 96 HV

AA7075 + 7% SiC + 2% 
Graphite

335 415 99 HV

AA7075 + 7% SiC + 3% 
Graphite

342 429 103 HV

AA7075 + 7% SiC + 4% 
Graphite

359 432 106 HV

AA7075 + 7% SiC + 5% 
Graphite

365 451 109 HV

AA7075 + 7% SiC + 6% 
Graphite

341 421 109 HV

AA7075 + 7% SiC + 7% 
Graphite

315 389 110 HV

Al7075 Al7075 Two-stage stir 
casting

188 110 BHN [44]
Al7075 + 10% cow dung ash 

(CDA)
230 103 BHN

Al7075 + 2.5%  B4C + 7.5% 
CDA

250 119 BHN

Al7075 + 2.5%  B4C + 5% 
CDA

268 132 BHN

Al7075 + 2.5%  B4C + 2.5% 
CDA

290 144 BHN

Al7075 + 10%  B4C 274 152 BHN
Al7075 Al7075 95 221 6.2 60 VHN [45]

Al7075 + 4%  B4C + 3%  MoS2 123.42 268.21 4.8 72.5 VHN
Al7075 + 8%  B4C + 3%  MoS2 137.50 281.32 4.1 88.6 VHN
Al7075 + 12%  B4C + 3%  MoS2 172.60 298.52 3.7 94.32 VHN

AA7075 AA7075 Stir casting 236.29 9.91 61.40 HRB [46]
AA7075 + 5% SiC 259.63 7.74 70.64 HRB
AA7075 + 5% SiC
 + 3% RHA

271.36 10.4 79.47 HRB

AA7075 + 5% SiC
 + 3% RHA + 1% CES

289.26 5.96 81.73 HRB
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wt. %  TiB2 respectively. The hardness of AA7075 hybrid 
composite S-2, S-3, S-4, and S-5 increased by 8.064%, 
18.091%, 28.03% and 32.56% as compared to unreinforced 
AA7075 alloy, respectively. The hardness of AA7075/
SiC/TiB2 hybrid composite was increased with the addi-
tion of reinforcement particles SiC and  TiB2 because rein-
forcements SiC and  TiB2 have higher hardness values than 
AA7075 (Matrix alloy) which contributes to the increase 
in the hardness of fabricated hybrid composites which is 
a similar to the past literature [42]. It was also observed 
that the increase in hardness of fabricated hybrid compos-
ite is due to the resistance to the motion of dislocation in 
the AA7075/SiC/TiB2 hybrid composites than the AA7075 
alloy as well as the addition of reinforcement enhances the 
intermetallic bonding between matrix and reinforcement. 
Karpasand et al. [36] showed that matrix and reinforce-
ment particles share the indenter load during the hardness 
test, which increases hardness. Reinforcement with SiC and 
 TiB2 particle improve all mechanical properties as shown 
in Table 4.

3.6  Wear Behavior

At five sliding distances, 1000 m, 2000 m, 3000 m, 4000 m, 
and 5000 m at constant sliding velocity, and under three 
loading conditions, viz 2 kg, 4 kg, and 6 kg, composites 
with 0, 3, 6, 9 and 12 wt. % reinforcement of SiC and 3 
wt. %  TiB2 were examined. The wear track diameter was 
taken as 100  mm for all test samples to determine the 
wear rate  (mm3/m). Using Eq. 3, the wear rate of samples 
was evaluated by measuring the difference between their 
weights before and after testing. Figure 13 shows wear rates 
of cast AA7075 alloy and its hybrid composites with SiC 
and  TiB2 particles as a function of various applied loads 
(2, 4, and 6 kg) and sliding distances (1000 m). The wear 
rate of AA7075 alloy and its hybrid composites increases 
with the load applied due to the frictional forces between the 
composite surface and the counter surface (disk) increasing 
at the interface. However, the wear rate of AA7075 alloy 
was noticed as higher than hybrid reinforced composites 
due to frictional forces during the sliding. Increasing the 

Table 4  (continued)

Material Composition Technique YS (MPa) UTS (MPa) % of Elongation Compressive 
strength (MPa)

Hardness

AA7075 AA7075 Top loaded bot-
tom pouring 
stir casting

321.8 335.8 6.1 585 74.4 HRB Self

AA7075 + 3 wt. % SiC + 3wt. 
%  TiB2

350.58 366.55 3.2 695 80.4 HRB

AA7075 + 6 wt. % SiC + 3wt. 
%  TiB2

364.6 388.58 2.4 759 87.86 HRB

AA7075 + 9 wt. % SiC + 3wt. 
%  TiB2

371.23 397.25 1.8 812 95.26 HRB

AA7075 + 12 wt. % 
SiC + 3wt. %  TiB2

387.25 409.23 1.1 856 98.63 HRB

Fig. 13  Wear rate of cast 
AA7075/SiC/TiB2 hybrid 
composite hybrid composites 
constant sliding speed (1.7 m/s) 
and sliding distance (1000 m)
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applied load causes a rise in temperature at the composites' 
interfaces, reducing their hardness and wear resistance. The 
wear rate of AA7075/SiC/TiB2 hybrid composites was sig-
nificantly reduced by adding SiC and  TiB2 particles as rein-
forcement. As a result of the homogenous distribution and 
addition of SiC and  TiB2 reinforcement particles in AA7075, 
the reinforcement particles form a strong bond, increasing 
the hardness and protecting the surface against wear. It 
can clearly see from the SEM images that the grains of the 
matrix alloy are getting refined with the addition of reinforc-
ing particles (SiC and  TiB2) into the matrix which results 
in increasing the grain boundary concentration and finally 
turns into increase in wear resistance properties. Composite 
specimens were ordered from best to worst by the level of 
wear performance: S-5 > S-4 > S-3 > S-2 > S-1.

The wear properties of AA7075 alloy and its hybrid com-
posites reinforced with SiC (0, 3, 6, 9 and 12 wt. %) and of 
 TiB2 (3 wt. %) as a function of sliding distance (1000, 2000, 
3000, 4000 rpm and 5000 m) at an applied load of 2 kg 
and sliding speed (1.7 m/s) as depicted in Fig. 14. Results 
indicate the wear rate is inversely proportional to the sliding 
distance and the addition of SiC reinforcement particles. 
SiC/TiB2 hybrid reinforced composites showed better wear 
resistance when compared to unreinforced AA7075 at vari-
ous sliding distances.

4  Conclusion

AA7075 alloy and AA7075 + SiC +  TiB2 hybrid composites 
reinforced with 0, 3, 6, 9, and 12 wt. % of SiC with particle 
size 25 µm and 3 wt. % of  TiB2 with particle size 15 µm 
were fabricated by top loaded bottom pouring stir casting 
method. The Microstructure of AA7075 alloy (unreinforced 

matrix material) shows SiC and  TiB2 reinforced aluminium 
matrix composites display the homogeneous type of particle 
dispersion on the entire molten matrix. The addition of rein-
forcement particles SiC + 3 wt. % of  TiB2 in AA7075 alloy 
caused a significant increase in yield strength (321.8 MPa 
to 387.25 MPa), ultimate tensile strength (335.8 MPa to 
409.23 MPa), compressive strength (585 MPa to 856 MPa) 
and hardness values. Improvement in mechanical charac-
teristics with the addition of reinforcement particle SiC and 
 TiB2 in AA7075 is due to effective load transfer and grain 
refinement as seen in the microstructure. The higher wear 
resistance of the reinforced AA7075 alloy was found with 
12 wt. % SiC and 3 wt. % of  TiB2 particles with varying the 
sliding distance at a constant applied load of 2 kg and sliding 
speed of 1.7 m/s due to the homogenous distribution of the 
SiC and  TiB2 reinforced particle.
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