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Abstract In this study, the effect of artificial aging, particle size, different weight
fractions (1, 1.5, 2, and 2.5%) ofAl2O3 on the hardness andwear resistance ofAl 6082
alloy composite produced by stir casting method is studied. Al 6082 alloy composite
specimens strengthened individually with Al2O3 particles of 45 μm and 40–50 nm
were produced by stir casting method. The composite specimens were first solution-
ized followed by artificial aging at 180 °C for various time periods (1, 2, 4, 6, 8, 10, 12,
14, 16, 18 and 20 h). The hardness and wear tests were performed on the heat-treated
and non-heat-treated specimens. Vickersmicrohardness tests demonstrated a tremen-
dous improvement in the composites’ VHN values due to artificial aging and the
addition of varying wt% of micron/nano-sized Al2O3 reinforcement. The T6-treated
Al 6082 alloy composite specimens reinforced with nano-Al2O3 particles showed
an enhancement in VHN microhardness and wear resistance when compared to the
pure Al 6082 alloy and composite specimens reinforced with micron-sized Al2O3

reinforcement. Pin-on-disc wear testing demonstrated that T6 specimens reinforced
with nano-Al2O3 exhibited enhanced wear resistance than the composite specimens
reinforced with micron-sized ceramic reinforcement. Worn surface morphology was
carried out using FESEM to study the mode of wear.
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1 Introduction

Aluminiummatrix composites (AMCs) are widely used for the manufacture of auto-
mobile, aerospace, marine and military components due to their excellent mechan-
ical, tribological and corrosion properties. Investigations are going on in a large scale
all over the world to enhance its properties by using innovative production methods
and also by the inclusion of reinforcements [1–3]. The addition of certain particu-
lates to the base metal matrix enhances its properties in terms of increase in strength,

N. Sirajudeen · R. Karunanithi (B) · M. Abdur Rahman
Department of Mechanical Engineering, B.S.A.R Crescent Institute of Science and Technology,
Chennai 600048, India
e-mail: karunanithi@crescent.education

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
L. Ganippa et al. (eds.), Advances in Design and Thermal Systems, Lecture Notes
in Mechanical Engineering, https://doi.org/10.1007/978-981-33-6428-8_14

193

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-6428-8_14&domain=pdf
mailto:karunanithi@crescent.education
https://doi.org/10.1007/978-981-33-6428-8_14


194 N. Sirajudeen et al.

hardness, wear, thermal and corrosion resistance. Thus, the particulate-reinforced
aluminium matrix composites (PRMMC) are rapidly replacing the conventional
aluminiummatrix composites owing to their superior performance. A lot of research
work is going on to produce themwith enhanced properties, especially for aerospace,
structural and military applications [4–7]. The addition of strengthening media to
the base aluminium matrix causes many beneficial changes like grain refinement,
enhanced dislocation density and the ability of the base matrix to transfer the applied
load to the ceramic reinforcement thereby increasing its strength [8, 9]. Among
aluminium alloys, the age hardenable, Al–Mg–Si alloy commonly referred as 6XXX
series alloys are widely used for structural applications possess a lower density, good
strength, exceptional formability, and good corrosion resistance [10–12]. PRMMCs
are fabricated by many techniques like liquid metal infiltration, mechanical alloying,
squeeze casting, friction stir processing, etc. and among them, the stir casting tech-
nique has proven to be a highly economical route. Recent studies have revealed the
possibility of attaining a good homogenous dispersion of the reinforcement particles
in the base alloy matrix by optimizing the stir casting process parameters like stir-
ring speed, pouring time, controlled atmosphere, the temperature of the liquid metal,
preheating of the mould, etc. [13, 14].

The fabrication of composite involves melting of the metal, addition of ceramic
particulates and mechanically mixing them uniformly in the molten matrix using
a stirrer setup [15]. The commonly used ceramic reinforcements for enhancing the
mechanical, tribological and corrosion behaviour of the metal matrix composites are
SiC, boron carbide, Al2O3 and zirconia [16–21].

Among them the Al2O3 particles are widely used as reinforcement material owing
to its exceptional mechanical, wear and corrosion properties [22]. Among the 6XXX
series age hardenable alloys, the Al 6082 alloy with outstanding mechanical proper-
ties occupies a significant place for lightweight applications [23]. GP zones develop
due to nucleation of precipitates during solution treatment of age hardenable alloys
[24].

Previous research studies on age-hardenable alloys have indicated the develop-
ment of (intermetallic) phases [25]. Although the effect of varying particulate size
and weight fraction of ceramic reinforcement has been studied previously, very less
research has been done on the effect of heat treatment and varying particle of Al2O3

on the hardness andwear behaviour of theAl 6082 alloy composite. Thus, the novelty
of the present investigation is to study the combined influence of artificial aging (1,
2, 4, 6, 8, 10, 12, 14, 16, 18 and 20 h) and varying particle/weight% of Al2O3 parti-
cles on the hardness and wear resistance of Al 6082 alloy composite by stir casting
route. The other novelty of this research is apart from comparing the effect of T6
aging; it studies the effect of T7 or overaging (heat treatment) on the hardness of Al
6082 alloy composite specimens reinforced separately with coarse and nano-Al2O3

reinforcement particles. The wear resistance of the test specimens is studied using a
pin-on-disc wear tester under varying load conditions.
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2 Materials and Methods

2.1 Sample Preparation

The commercially available Al 6082-T6 alloy and Al2O3 powder of 45 μm size was
chosen as the matrix and reinforcement material, respectively. Toluene was added
to avoid a rise in temperature and clustering. The particle size analysis (Zeta Nano
ZS, Malvern, UK) showed that the final particle size after ball milling of micro-
sized Al2O3 was 40–50 nm. Preheated (250 °C), Al2O3 reinforcement particles with
varying weight % (1, 1.5, 2, and 2.5%) and size (45 μm/ 40–50 nm) were added
individually to the base matrix to get two sets of cast specimens, i.e., one set of
samples was reinforced with coarse alumina and the next set of samples with nano-
alumina. Stirring time and speed were fixed as 10mins and 300 RPM, respectively,
to obtain a vortex. Stirring temperature was maintained between 830 and 850 °C.
Hexachloroethane (C2Cl6) tablets were used to get rid of the trapped gases.

Later the two different sets of Al 6082 alloy composite reinforced separately
with varying weight fraction of coarse and nano-Al2O3 particles were poured into
a preheated die, of 20 mm diameter and 200 mm height. After the solidification
process, the cast samples were ejected from the die and machined to ASTM standard
dimensions for hardness and wear tests.

2.2 Aging

The specimens were initially solutionized at 480 °C for a period of 1 h in an induction
furnace. The solutionized specimens were quenched followed by artificial aging for
various time periods of 1, 2, 4, 6, 8, 10, 12, 14, 16, 18 and 20 h at 180 °C.

2.3 Hardness Measurement

VHNmeasurement was performed on a Vickers microhardness testing machine with
a load capacity of 50 kgf and a ball indenter diameter of 5 mm. The test was repeated
at five different locations for reproducibility, and the average values were tabulated.

2.4 Wear Test

Wear test of the composite was analysed under varying load (15 N, 20 N, 25 N and
30 N) conditions. Machining was performed on the stir cast specimens such that it
had a diameter and a height of 6mmand 15mm, respectively. Volumetric wear rate of
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the specimens was performed on a pin-on-disc wear testing machine (Model: TR20-
LE) with a sliding speed of 2 ms−1 against EN32 steel disc (500HV) of 100 mm
track diameter. Acetone was used as a cleaning substance for the specimens.

2.5 XRD and FESEM

The cast composite specimens were mechanically polished using 800, 1000, 1200,
1500 gr SiC emery sheets. The polished samples were cleaned with distilled water
and acetone, further cloth polishing of the specimens was performed by applying a
diamond paste (0.5 μm). The specimens were later etched using Keller’s reagent,
before conducting the FESEM (Model: SUPRA 55-CARLZEISS, GERMANY) and
XRD analysis (PANalytical X-ray diffractometer).

3 Results and Discussion

3.1 Vickers Microhardness

Vickers microhardness testing machine was used for hardness test for both the non-
aged and aged specimens of Al 6082 alloy composites. The VHN plot shown in
Figs. 1 and 2 shows that the microhardness of Al 6082 alloy composite increases due
to the addition of both coarse or nano-Al2O3 reinforcement. Nevertheless, the nano-
Al2O3-reinforced specimens out performed its coarse Al2O3-reinforced counterpart.
The specimens reinforced with 2.5 wt.% of nano Al2O3 reinforcement attained a
maximum VHN of 238, i.e., peak aged hardness was attained after 6 h of aging. This
can be ascribed to precipitation hardening as well as the hard nature of the nano sized
Al2O3 particulates, which acted as barriers to dislocation motion resisting the loads
related to indentation during VHN tests [26, 27].

Based on the VHN microhardness results, the aged samples can be categorized
into underaged, peak aged and overaged samples. The increase or decrease in the
hardness of the specimens can be related to the kinetics of aging which affects the
shape, size and dispersion of precipitates in the base alloy matrix [28].

The graphs in Figs. 1 and 2 indicate an enhancement of VHN microhardness
values due to the addition of both coarse and nano-sized reinforcement; however, it is
worth noting that the aged specimens outperformed the non-aged samples. The other
reason for the improvement of VHN can be attributed to the addition of nano-sized
reinforcement particles [29].

With an increase in the weight fraction of alumina particles of nano-size, a higher
dislocation density existed due to the thermal mismatch between the nano Al2O3 and
the base Al 6082 alloy matrix. This increased dislocation density in the base matrix
increased the hardness of the composite [30].
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Fig. 1 VHN versus aging duration plot of the Al 6082 alloy composite reinforced with coarse
Al2O3 particles

It is clear from Figs. 1 and 2 that artificial aging of both the unreinforced Al
6082 alloy and its reinforced composite specimens led to an increase in the VHN
microhardness. The graphs indicate a sharp increase in the VHN microhardness
immediately after the solution treatment followed by artificial aging. The coarse
Al2O3-reinforced composite specimens (refer Fig. 1) show a tremendous increase in
VHN microhardness up to 122 VHN (peak aged hardness) after 4 h of aging beyond
which the specimens showed a gradual beg off in its VHN value. The peak aged (T6)
hardness values of composite specimens reinforced with 1, 1.5, 2, 2.5% of coarse
Al2O3 particles are 90, 95, 101, 115 and 122 VHN, respectively. Overaging (T7)
occured in the range of 18–20 h when the samples reinforced with different wt.% of
coarse Al2O3 particles attained their lowest hardness.

Figure 2 shows the VHN values of aged specimens reinforced with 1, 1.5, 2 and
2.5% of nano Al2O3 particles as 119, 141, 143, 200 and 238 VHN, respectively,
after 6 h of aging. Similarly overaging (T7) occurred in the range of 18–20 h during
which the samples reinforced with nano-Al2O3 particles reached their lowest micro-
hardness values. Nevertheless, the nano-Al2O3-reinforced samples outperformed the
coarseAl2O3-reinforced samples even at overaging (T7) conditions in termsofmicro-
hardness values. Thus, the VHN microhardness results reveal that the nano-Al2O3-
reinforced Al 6082 alloy composite samples bettered the coarse Al2O3 reinforced
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Fig. 2 VHN versus aging duration plot of the Al 6082 alloy composite reinforced with nano-Al2O3
particles

Al 6082 alloy composite specimens. Usually, grain boundary acts as the preferential
place for the nucleation of precipitate phases. During heat treatment, the diffusion
of Mg and Si is quite significant for the formation of Mg2Si precipitates. After the
attainment of a supersaturated solid solution, artificial aging is performed by heating
the specimens at a suitable temperature of 180 °C, which will speed up the process
of Mg and Si diffusion, leading to the formation of (stable) Mg2Si precipitate [31].
It has been reported that the decomposition of supersaturated solid solution occurs
as a result of aging. Hence, with aging rate is proportional to the degree of supersat-
uration [32]. During age hardening, the rearrangement of atoms within the crystal
lattice occurs. Next forms the clusters and GP zones. In this stage, mechanical prop-
erties are improved due to the occurrence of microstrains in the crystal lattice. When
compared to the pure alloy, the composite specimens undergo accelerated aging due
to the occurrence of a large dislocation density near the Al 6082 matrix—Al2O3

interface [33]. Previous studies on the Al 6XXX alloys show the following sequence
of aging: [31, 34].

Initially, the supersaturated solid solution transforms into cluster of solute atoms
followed by primitive Guinier–Preston zones which transform into needle-shaped
GP zones which are rod-shaped, metastable, hexagonal and semi-coherent-β phase.
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The formation of GP zones is a complex process which involves the formation of
clusters of vacancies and silicon atoms followed by the precipitation of Mg atoms on
nuclei [35]. Then forms the stable, incoherent, cubic, Mg2Si precipitate (β phase).
It has also been reported that the solutionizing temperature plays a crucial role in
increasing the strength of the Al 6061 Al/SiC composite. The report also suggests
a correlation between the hardness and the aging temperature/duration owing to the
phase transformations occurring during heat treatment [34].

XRD graphs of both the T6-aged Al 6082 alloy (refer Fig. 3) and the T6-aged Al
6082 alloy composite reinforced with 2.5 wt% of nano Al2O3(refer Fig. 4) reveal the
formation of the stable Mg2Si precipitates on account of the precipitation hardening
phenomenon.

The enhanced VHN microhardness of the Al 6082 alloy composite compared
to the unreinforced alloy could be attributed to its better aging kinetics behaviour.
The acceleration of aging occurs due to a high concentration of dislocations near
the vicinity of the alloy matrix–ceramic reinforcement interface [36]. The presence
of high density of dislocations paved the way for the occurrence of heterogeneous
nucleation sites which are precursors for the formation of precipitates and enhances
higher diffusivity of alloying elements [34–36].

Fig. 3 XRD plot of Al 6082 alloy subjected to T6 aging
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Fig. 4 XRD plot of Al 6082 alloy reinforced with 2.5 wt% of nano Al2O3 subjected to T6 aging

3.2 Wear Test

Wear tests were performed on both the non-aged and T6-aged samples with and
without reinforcement (micro/nano). Figures 5, 6, 7, 8, 9, 10, 11 and 12 demonstrate
an enhancement ofwear resistance of the test specimens due to the addition of varying
weight fraction and particle size of the reinforcement.With the increase in the applied

Fig. 5 Wear rate of Al 6082 alloy composite at load of 15 N, before heat treatment
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Fig. 6 Wear rate of Al 6082 alloy composite at load of 15 N, after T6 aging treatment

Fig. 7 Wear rate of Al 6082 alloy composite at load of 20 N, before heat treatment

Fig. 8 Wear rate of Al 6082 alloy composite at load of 20 N, after T6 aging treatment
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Fig. 9 Wear rate of Al 6082 alloy composite at load of 25 N, before heat treatment

Fig. 10 Wear rate of Al 6082 alloy composite at load of 25 N after T6 aging treatment

load, the rate of volumetric wear also increases. Nevertheless, the volumetric wear
rate of the pure alloy and the coarse Al2O3-reinforced samples were higher than
that of the nano-Al2O3-reinforced Al 6082 alloy composite specimens indicating
enhanced resistance to wear due to the addition of nano-Al2O3 particles. The wear
graphs also show that the T6-aged specimens reinforced with nano-Al2O3 particles
outperformed the other sets of specimens, i.e., unreinforced Al 6082 alloy and the
coarse Al2O3-reinforced Al 6082 alloy composite (under both aged and non-aged
conditions) showing an enhanced wear behaviour. Thus, the pin-on-disc wear testing
results (refer Figs. 6, 8, 10 and 12) showed that the T6-aged, nano-Al2O3-reinforced
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Fig. 11 Wear rate of Al 6082 alloy composite at load of 30 N before heat treatment

Fig. 12 Wear rate of Al 6082 alloy composite at load of 30 N after T6 aging treatment

Al 6082 alloy composite specimens demonstrated an enhancedwear resistance under
varying applied loads of 15, 20, 25 and 30 N.

SEMmicrographs of the worn samples of T6-aged and non-aged composite spec-
imens as well as the unreinforced specimens are shown in Figs. 13, 14, 15, 16, 17, 18
and 19. SEM images clearly indicate that the non-aged Al 6082 alloy and its compos-
ites have suffered more damage compared to the aged specimens. Development of
microcracks as indicated in Figs. 15, 17 and 19 could be ascribed to the occurrence
of fatigue wear due to repeated loading during wear test runs. Figure 16 shows the
formation of deep grooves of various sizes which lead to subsurface crack propaga-
tion along the direction of sliding.With the increase in the applied load, delamination
mode of wear occurs (refer Fig. 18). The pure Al 6082 alloy’s worn surface (refer
Fig. 13) is characterized by large craters, indicating that the specimen has under-
gone severe plastic deformation due to its inability to resist the repeated loads during
sliding test runs. The size of cracks and grooves of the pureAl 6082 alloy indicates the
occurrence of abrasive mode of wear due to severe plastic deformation. The peeling
away of the outer layer which is occupied by the hard nano-Al2O3 particles also indi-
cates that the mechanism of wear is abrasive in nature (refer Figs. 13 and 14).The
severe damage could also be attributed to the direct contact between the metal to



204 N. Sirajudeen et al.

Fig. 13 SEM micrograph of (non-aged) unreinforced Al 6082 alloy revealing craters and the
accumulation of wear debris

Fig. 14 SEM micrograph of (non-aged) unreinforced Al 6082 alloy revealing severe damage due
to macroploughing

metal interface between the matrix and the counter steel disc. The increase in the
applied load softens the base matrix leading to more material loss. The worn surface
of the reinforced specimens is characterized by particle pull out associated with fine
to distinctive groove formations (refer Fig. 15). With the increase in the applied load,
the protrusion of ceramic particles from the worn surface leads to abrasive type of
wear. This could be ascribed to the high plastic strain which destabilizes the ceramic
particle from the worn surface. During sliding wear, the loosening of the ceramic
particles takes place which later get confined between the faying surfaces. A mech-
anism known as three-body abrasion occurs. The tribo-film comprises of confined
Al2O3 particles and wear debris emerging between the faying surfaces of Al 6082
alloy matrix and the counter steel disc surface. This wear-resistant film decreases the
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Fig. 15 SEMmicrograph of T6-aged Al 6082 alloy with 1 wt % of coarse Al2O3 revealing particle
pull out, wear debris and micro cracks

Fig. 16 SEM micrograph of non-aged Al 6082 with 1.5 wt% of coarse Al2O3 revealing crater
formation due to macroploughing

Fig. 17 SEM micrograph of T6-aged Al 6082 alloy with 1.5 wt% of nano Al2O3 showing
microcracks and microploughing



206 N. Sirajudeen et al.

Fig. 18 SEM micrograph of T6-aged Al 6082 with 2 wt% of coarse Al2O3 at an applied load of
30 N

Fig. 19 SEM micrograph of T6-aged Al 6082 alloy with 2 wt% of nano Al2O3 revealing
micropatches and microcracks due microploughing

shear loads during sliding operation due to which the damage on account of plastic
deformation reduces, thus contributing to reduced wear rate of the reinforced and
aged specimens. Another contributing factor is the formation of oxide layer on the
pin’s surface. As the sliding continues, the distortion and fragmentation of the pin
mating surface occurs. The displacement of oxides occur with an increase in the
applied load; however, a small portion of the oxides between the faying surfaces
continues to exist. Dislodging of oxides takes place during the course of sliding;
however, a meagre amount of oxides present between the mating surfaces dimin-
ishes the metallic contact on account of which the specimens suffer a very reduced
wear damage, in other words an increase in wear resistance [37, 38].

The enhancement of wear behaviour of the T6-aged and reinforced specimens can
be ascribed to the stable lubricating film, which forms on the surface of the Al 6082
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alloy composite. The wear test results showed that not only the addition of nanoparti-
cles but also the heat treatment given to the test specimens play a very significant role
in enhancing thewear resistance of the samples. The composite specimens reinforced
with nano-Al2O3 particles showed an enhanced wear behaviour in terms of reduced
volumetricwear loss (refer Figs. 6, 8, 10 and 12). The pin-on-disc tests conducted also
indicated that the T6-aged specimens reinforced with nano-Al2O3 outperformed the
non-aged and coarseAl2O3-reinforced samples in termsof increase inwear resistance
under varying load conditions. The fragmentation and fracture of the reinforcement
media lead to a direct contact between the composite’s surface and the counter steel
disc. The higher wear resistance of the ceramic-reinforced composite specimens is
because of the better load bearing ability of the nano-sized Al2O3 reinforcement
[37]. The worn surface of the composite specimens shows a mechanically mixed
layer deposits as a result of transfer of material from the counter steel disc surface.
During pin-on-disc wear testing, the presence of hard ceramic particles acts as stress
absorbers during the application of varying applied loads which leads to scratching
on the counter steel disc surface.

During sliding operations at varying loads, exposure of the embedded ceramic
particles causes localized milling on the counter steel disc surface leading to transfer
of steel fragments on the pin’s surface. When the composite pin slides against the
counter steel disc surface, the disc undergoes severe plastic deformation and leads to
the ploughing out of the Iron (Fe) from the rotating counter steel disc surface, which
acts as a precursor for the formation of what is known as the mechanically mixed
layer (MML). Thus, the test specimen’s surface comprises of layers of Fe and FeO
which can be confirmed by the EDS analysis as shown in Fig. 20. The decrease in the
volumetric wear rate of the reinforced specimens could be attributed to the increase
in the weight% of Al2O3 particles which reduces the direct contact between the pin’s
surface and the counter steel disc. When the applied load is less, the effect due to
strain hardening is very minimal hence its effect on the wear rate is also very less.
Nevertheless, with an increase in the applied load, debonding and fragmentation of
ceramic particles from the base matrix occurs. This condition also leads to three-
body abrasion. Thus, the increase in wear rate of the samples with an increase in
the applied load could be due to the freely moving ceramic particles which act as
three-body abrasive elements during pin-on-disc wear testing operations.

At the inception of the pin-on-disc wear testing, the sliding of the pin’s surface
against the rotating steel disc gradually increases the temperature between the faying
surfaces. The effect due to friction between the faying surfaces increases the extent
of plastic deformation and hence increases further loss of material. The applied load
also has a significant impact on the volumetric wear rate of the composite samples.
The rate of wear increases with the increase in the applied load for both unreinforced
and reinforced samples. The unreinforced specimens suffer severe damage (plastic
deformation) due to direct contact between the pin and counter steel disc surface
resulting in a large amount of material removal and subsurface cracking. However,
the ceramic particulate-reinforced Al 6082 alloy composite comparatively suffered
less damage due to the ability of the Al2O3 reinforcement to absorb and withstand
the applied load thereby protecting the softer matrix of the base alloy.
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Fig. 20 EDS analysis of T6-aged Al 6082 alloy composite

Thus, the main purpose of the ceramic reinforcement is to reduce surface damage
due to plastic deformation and abrasion between the composite pin and steel disc
surface thereby reducing the material loss [39, 40].

The addition of reinforcement led to an increase in the dislocation density on
account of thermal mismatch between the alloy and the ceramic reinforcement. Due
to the presence of large amount of dislocation densities along with the ceramic
reinforcement, strain hardening occurs leading to hindrance of dislocation motion
contributing to reduced wear rate. With increase in the applied load, a large amount
of stress on the contact asperities leads to its fragmentation and particle pull out
[40]. The presence of hard asperities in the pin erodes the rotating steel disc surface.
Initially, the sharp asperities causes abrasive action on the steel disc causing some
portion of the material from the steel disc surface to get transferred to the pin’s
surface. A previous study [41] demonstrates that the wear resistance of overaged
Al-based composites reduces on account of the coarsening of precipitates. On the
other hand, the T6 (peak aged) specimens demonstrate an enhanced wear resistance
due to the load bearing capacity of the ceramic particulates and the stable Mg2Si
precipitates. The stable Mg2Si precipitates not only enhanced the bonding between
the Al2O3 reinforcement and the base matrix but also provided high temperature
(thermal) resistance during dry sliding wear tests [40, 43, 43].

Thus, a combination of artificial aging and the addition of increasing weight frac-
tion and decreasing particle size of Al2O3 enhanced the hardness and wear resistance
of the ceramic-reinforced Al 6082 alloy composite [39–41, 43–47].
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4 Conclusions

Al 6082 alloy and Al 6082 alloy composite samples reinforced with varying weight
fraction andparticle size of alumina particleswere synthesized by stir casting process.
The solutionized composite specimens were subjected to various durations of heat
treatment (i.e., artificial aging) to study its effect on hardness and wear behaviour.
XRD analysis confirms the formation of the stable Mg2Si precipitates. The VHN
microhardness results showed that peak aged hardness was attained after 6 h of heat
treatment at 180 °C. A maximum peak aged (T6-aged) hardness of 238 VHN was
obtained for composite samples reinforced with 2.5% of nano-Al2O3. The VHN
results demonstrated that the composite samples reinforced with nano-Al2O3 parti-
cles outperformed the coarse Al2O3 reinforced samples with a maximum hardness
of 122 VHN after 4 h of aging. Overaging for both sets of samples (coarse and nano-
Al2O3 reinforced) occurred in the range of 18–20 h. Thus, hardness test showed a
better behaviour for alumina added composite due to precipitation hardening. The
pin-on-disc wear tests conducted under varying loads, also indicate that the T6-aged
samples reinforced with Al2O3 particles outperformed the aged as well as non-aged
unreinforced Al 6082 alloy samples in terms of reduced volumetric wear rate. Worn
surface morphology (FESEM) of the unreinforced sample shows severe damage
due to macroploughing revealing poor resistance to wear. The T6-aged samples
demonstrated lesser amount of damage compared to the non-aged samples demon-
strating enhancement of its hardness and wear resistance. The formation of precipi-
tates which acted as obstacles to dislocation motion during artificial aging acted as
stress absorbing elements, resisting the applied loads during dry sliding wear tests.
Thus, the present investigation reveals the beneficial influence of both T6 aging as
well as the addition of increasing weight fraction and decreasing particle size of
Al2O3 particles in enhancing the hardness and wear behaviour of Al 6082 alloy.
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