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e aerospace aluminium alloy AA7050 was reinforced with Al2O3 of average particle size 5m in this study using the stir casting
method. To eliminate surface imperfections, AA7050/Al2O3 composites with varied weight percentages (0, 2, 4, 6) were
manufactured, and wear tests on composites were carried out utilizing a pin-on-disc apparatus that varied load, velocity,
temperature, and weight %. e tensile and hardness tests were carried out at a high temperature. e inclusion of particles
enhances wear resistance by establishing a mechanically mixed layer (MML), according to the �ndings. e wear resistance at
300°C was 100% higher in comparison with resistance at 150°C. Because of the Orowan strengthening and Hall–Petch e�ect, the
tensile strength and hardness of composites enhanced. Temperature, tracked by the weight % of strengthening powders, was the
most important factor that in�uences the wear resistance of the composites. e �ndings showed that the material properties of
AA7050/4wt%Al2O3 at 150°C and AA7050/2wt%Al2O3 at 300°C are superior than base alloy.

1. Introduction

AA7050 alloy has piqued attention across the globe in latest
generations as the extremely ideal material for aerospace
application, owing to its enhanced mechanical, tribological,
and corrosion behavior [1]. Due to the growing need for
lightweight materials in both developed and developing
nations, defect-free composite materials are in high demand
[2].e quality of the materials used in any aerospace system
determines its e�ectiveness. Some of the aerospace com-
ponents manufactured by aluminium alloy are the hot plate

collector, isolator, mount, thermal ducts, header pipeline,
and moulding [2–5]. Since the sunlight-based header
pipelines were accessible to high temperatures, it was nec-
essary to investigate their viability at elevated temperatures
[6].

Particles such as B4C, SiC,WC, Al2O3, and Gr are used to
strengthen aluminium alloys [7–9]. Sintering, moulding,
and in situ production are the most often utilized composite
manufacturing procedures [10–12]. e stir casting method
was the most suitable of the numerous manufacturing
procedures for mass production and uniform particle
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dispersion [13, 14]. e molten metal was stirred at a
constant speed for a speci�ed period of time utilizing a
mechanical mixer [15]. e wettability of composites was
improved by adding preheated particles [16].

e wear of the materials is governed by the velocity,
sliding distance, load, temperature, and counterface hard-
ness [17–19]. e impact of addition of SiC particles on the
wear rate of aluminium composites was investigated. e
addition of SiC particles increases the tribological capabil-
ities, according to the �ndings. B4C particles upsurge the
strength, sti�ness, and wear endurance of the AA2020 alloy
[20]. When the load was increased over 60N, the mild to
severe regime transitioned. Sardar et al. found that hybrid
composites had superior wear resistance than single-rein-
forced composites [21]. Increased matrix forti�cation im-
proves elasticity, yield strength, and hardness [22]. e
microhardness of the composite rises as the Al-N proportion
in the alloy matrix increases [23]. e amalgamation of SiC
and Al2O3 increases the composites’ hardness, tensile
strength, and density [24].

From the above survey, it was revealed that a signi�cant
amount of research has been done on the tribological
performance of composites. However, only a few analyses
have been performed on the tribological behavior of AA7050
composite materials at high temperatures. e objective of
this study was to reinforce AA7050 alloy with Al2O3 particles
and test wear behavior on reinforced composite materials at
elevated temperatures. e mechanical and tribological
properties of the composites were studied at high temper-
atures.With the use of an ANOVA table, the most in�uential
factor was identi�ed.

2. Experimental Procedure

Table 1 displays the elemental position of the AA7050 al-
uminium alloy as established by spectrochemical analysis.
e liquid stir casting process was used to strengthen the
AA7050 alloy with aluminium oxide (Al2O3) grains with a
mean size of 5 µm. Around 1 kg of alloy was placed in a
graphite receptacle and charged to 870°C in an electric
furnace made by TSR instruments and solutions, according
to the process parameters listed in Table 2.

Before being introduced to the charge, Al2O3 was
charged to a temperature of 250°C to eradicate any moisture.
e liquid was stirred for 4 minutes at 600 rpm using a sieve
shaker. To increase wettability, an equivalent weight per-
centage of potassium titanium �uoride (K2TiF6) was in-
troduced to the melt. e combination was agitated for
additional 3 minutes after the �ux was added. Figure 1
depicts the step-by-step technique entangled in the manu-
facture of composites.

Composites with dimensions of (−12mm× L−105mm)
were made from the combined slurry which was put into a

warmed die steel mould. To eliminate the surface defects, the
specimens were turned and faced to a dimension of diameter
10mm× length 100mm. Wear tests on composites were
completed as per ASTM-G99 principles by di�ering the
temperature, stress, speed, and weight % of the composites
utilizing a pin on plate contraption created by Ducom in-
struments; exploratory runs were arranged utilizing a
Taguchi blended symmetrical exhibit.

e worn track was 100mm in diameter, and the coun-
terface was made up of EN-31 steel. e Taguchi orthogonal
array was used to create the wear trial runs, which were then
repeated three times. A Rockwell hardness tester and a uni-
versal testing machine were utilized to assess the composites’
hardness and tensile strength at increased temperatures,
according to ASTM-E18 and ASTM-E21 standards, respec-
tively. e Rockwell hardness tester and UTM were manu-
factured by Xtreme Engineering Equipment Private Limited
and Hualong, respectively. e hardness of nonferrous alloys
was evaluated with a load of 100N and a dwell time of 15
seconds, as speci�ed by ASTM, and the outcomes were
documented in Rockwell B-Scale.e specimenwas placed in
the UTM with a notch radius of 12.5mm and a length and
width of 50mm and 4mm, respectively. e load was added
progressively until the material broke down at the speci�ed
temperature. Each experiment was conducted on three sep-
arate samples, with the average value being documented as the
investigational �ndings. e most in�uential factor was
revealed using an ANOVA (Table 3).

Table 1: Elemental proportion of AA7050 aluminium alloy.

Zn Mg Cu Fe Cr Si Mn Al
6.30 2.58 1.83 0.28 0.27 0.06 0.05 Balance

Table 2: Casting variables.

Parameters Value
Pouring temperature 870°C
Preheating temperature of
Al2O3

250°C

Preheating temperature of
mould 250°C

Stirring time 7min
Stirring speed 600 rpm

Melting of 
alloy

Addition of
preheated
particles

Addition
of flux

Stirring

Pouring in the
permanent die

Casted sample

Figure 1: Steps involved in the production of composites.
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3. Results and Discussion

Figure 2 illustrates the microstructure of the composites.+e
Al2O3 particles were equally spread over the matrix ma-
terial, according to the structure. +e presence of a white
film surrounding the reinforced particles suggests that Ti
was applied to the reinforced particles. K2TiF6 flux was used
to remove this titanium. +e wear proportion of composites
diminishes with the incorporation of reinforcing particles till
four weight percent, after which it increases, according to the
experimental data. +e average wear proportion of amal-
gams was 7% inferior than that of unreinforced alloy, 629mg
for pure metal and 588mg for composites reinforced with
4% Al2O3 particles, according to the Archard equation
(equation (1)). +e particles on the surface of the composites
get dislodged during sliding and reach the contact region.
Bothmetals are abraded by the ceramic particles, resulting in
the formation of a MML [25].+e presence of Fe in the worn
surface was confirmed through EDAX analysis, which re-
veals that the materials were mechanically mixed and averts
direct metal surface contact as depicted in Figure 3. +is
MML hangs between the contact surfaces, averting metal
surface contact and thereby reducing wear. When the
temperature is rapidly increased from 150°C to 300°C, the
wear rate increases by 100% as shown in Figure 4.

When sliding at 300°C, the material achieves its defor-
mation state and becomes significantly deformed, resulting
in increased material loss. At high temperatures, the pa-
rameters load and velocity have little effect on wear rate. +e
friction coefficient (COF) decreases to 0.166 as a result of the
deformation condition, which is 40% less than materials
sliding at 150°C as shown in Figure 5. All other variables
have a minor or no effect on COF.

W � K
PLV

3H
 , (1)

where P represents the applied load in N, L represents the
sliding distance in m, V represents the applied velocity in m/
s, H represents the hardness in HRB, and K represents the
experimental constant.

+e tensile strength of the AA7050/Al2O3 composites at
high temperatures is shown in Figure 6. +e composites with
4% reinforcement exhibited the highest tensile strength at
150°C. Orowan strengthening [26] induced the rise in
strength, which indicates that the particles in the matrix give
resistance to the movement of dislocation. +e alloy rein-
forcedwith2weight%providesgood tensile strengthat 300°C.

Wear � 163.000 + 15.5625Weight percentage

− 1.13333 Load(N) + 1.25000Velocity(m/s)

− 0.348333 Temperature(C)

− 0.843750Weight percentage∗Weight percentage

− 0.483333Weight percentage∗Velocity(m/s)

+ 0.0111111 Load(N)∗Velocity(m/s).
(2)

When the temperature is increased from 150°C to
300°C, the tensile strength is reduced by 95%. When a
material is heated to a high temperature, its viscosity
drops, resulting in an increase in percent elongation and a
loss in tensile strength [27, 28]. +e findings revealed that
adding reinforcement had the least impact on tensile
strength at high temperatures, and that material property
loss was linked to viscosity drop at high temperatures [29,
30].

Figure 7 shows how adding Al2O3 particles increases
the composites’ toughness [31, 32]. +e flux’s titanium
element encircles the reinforcing particles, prompting
them to bind together. +e titanium element refines the
grain size due to the Hall–Petch effect, which raises the
hardness value. +e hardness of AA7050/6Al2O3 was 16%
higher at 150°C than that of the unreinforced alloy and
11% higher at 300°C. When the temperature was raised to
300°C, the hardness value dropped by 75% [33, 34]. As
indicated in Table 4, the most influential factor influ-
encing material property is temperature, followed by
weight reinforcement.

Table 3: Wear process parameters and their levels.

Process parameters Levels
Reinforcement percentage 0, 2, 4, 6
Applied load (N) 15, 30
Speed (m/s) 15, 30
Temperature (°C) 150, 300

Figure 2: Microstructure of AA7050/Al2O3 composites.
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Figure 4: Interaction impact of various process parameters on wear of AA7050/Al2O3 composites.
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Figure 3: EDAX of worn surface of AA7050 composites.
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When compared to other composite materials, the
AA7050/4Al2O3 composites have a net �ow value of 0.386 and
have improved material properties at 150°C. e composite
AA7050/2Al2O3 performed best at 300°C, with a net �ow value
of −0.287 [35, 36]. At increased temperatures, the composites
show improved mechanical and tribological properties in all
cases. e mathematical model for wear was constructed by
connecting the results, as indicated in equation (2).

4. Conclusion

e liquid stir casting method was used to successfully create
AA7050/Al2O3 composites. Tribological and metallurgical
testing on composites was conducted, and the ensuing
observations were obtained.

(1) Leading to the generation of a MML, the wear re-
sistance of composites was 7% superior than pure
aluminium alloy. When the temperature rises
quickly from 150°C to 300°C, the wear rate increases
from trivial to severe. At high temperatures, COF
decreases as temperature rises, whereas velocity and
load have little e�ect on wear rate.

(2) e insertion of reinforcing particles increases the
tensile strength due to Orowan strengthening. When
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Figure 6: E�ect of reinforcing particles on tensile strength of
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Figure 7: E�ect of reinforcing particles on hardness of AA7050/
Al2O3 composites.
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Figure 5: Interaction impact of various process parameters on COF of AA7050/Al2O3 composites.

Table 4: ANOVA for altered process parameter.

Level Reinforcement
percentage

Speed
(m/s)

Load
(N) Temperature (°C)

1 191.5 191.5 190.8 151.1
2 191.0 191.0 192.8 232.2
3 183.7
4 198.4
Delta 14.6 0.5 1.6 82.1
Rank 2 4 3 1
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the temperature is increased to 300°C, the viscosity is
reduced by 95%, resulting in a 95% fall in tensile
strength.

(3) Because of the Hall–Petch effect, the presence of hard
ceramic particles (Al2O3) increases hardness. +e
ANOVA table revealed that temperature has the
utmost impact on material properties, trailed by
percent reinforcement. It was important for solar
header pipes to use the composite because it has
excellent strength at high temperatures.

5. Scope for Future Studies

In the future, tests may be conducted by varying the ge-
ometry of the particles and manufacturing them using di-
verse processes such as Compo casting and squeeze casting.

Data Availability

+e data used to support the findings of this study are in-
cluded within the article.
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