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Abstract

AA5083 aluminium alloy is an excellent casting material with inadequate strength and
poor wear properties. To increase its deficient mechanical and wear properties, researchers
have conducted a lot of research in the past decades. Based on the research, graphene can be
considered a good reinforcement due to its outstanding mechanical properties. The present
paper discusses the properties of AA5083 Metal Matrix Composites (MMCs) reinforced with
graphene particles. Aluminium MMCs were fabricated using the stir casting method by vary-
ing graphene reinforcement (5 and 10 wt.%) with AA5083 (specimens B and C). The Scanning
Electron Microscopy (SEM) and Energy-Dispersive X-ray Spectroscopy (EDAX) analysis re-
sults confirmed the presence of graphene in the AA5083 matrix. The test results show that
the tensile strength, flexural strength, impact strength, and hardness were enhanced with the
addition of graphene particles in the AA5083 matrix. The tribological behaviour of the MMCs
was compared with the AA5083 matrix using a pin-on-disc wear test. The increase in wt.% of
graphene reinforcement enhanced the wear resistance of the proposed MMCs. The large wear
debris and crater were not noticed in the worn surfaces of the MMCs specimens.

Key words: AA5083, metal matrix composites, mechanical properties, wear behaviour,

graphene

1. Introduction

Nowadays, AA5083 aluminium alloy is widely used
in automotive, aircraft, marine, and defence appli-
cations. These conventional aluminium alloys are re-
placed by MMCs for better mechanical, wear, and cor-
rosion resistance properties. Since AA5083 is a non-
heat-treatable aluminium alloy, its strength and wear
properties cannot be improved by the heat-treatment
process. Hence, the properties of AA5083 can be im-
proved by adding reinforcement particles. MMCs in-
crease the strength and wear resistance of the com-
posites by adding reinforcements [1-3]. The mechani-
cal properties of composites manufactured by squeeze
casting and vortex methods were lower than the stir
casting method [4, 5]. Stir casting is one of the most
suitable processing techniques for improving mechani-

cal and wear properties by adding reinforcements. The
investment and manufacturing cost of the solid-state
process method was much higher than the stir cast-
ing method [5]. A few hard ceramic particles, such
as MWCNT [6], B4C [7, 8], SiO2 [9], and SiC [10],
have been mixed with AA5083 matrix metal using the
stir casting method. The effect of wear and flexural
strength on MWCNT AA5083 MMC processed by stir
casting method was studied, and its enhancement in
wear resistance and flexural strength was 50 and 52 %
compared with AA5083 [6]. Graphene was considered
an excellent reinforcement in the aluminium matrix
because of its outstanding mechanical and thermal
properties [3]. Graphene enhanced the mechanical and
wear properties of AA6061 MMC processed by stir
casting technique [11]. 1 wt.% of graphene reinforce-
ment in the AA7055 matrix improved the compressive
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Fig. 1. Stir casting setup used for making composite spec-
imens.

strength and hardness of the MMC [12]. The minimum
usage of graphene reinforcement in the aluminium
matrix significantly enhanced the tribological prop-
erties [11]. The wear rate of AA5083 was higher than
that of the AA5083/B4C composites, which were fab-
ricated by the stir casting method [8]. The addition
of SiC reinforcement particles increased the mecha-
nical properties of AA5083 [9]. Also, enhancement
in true stress value was noticed in AA5083-graphene
nanoplates MMCs processed by hot pressing and ex-
trusion [3].

From the highlighted research works, it was under-
stood that graphene is a good reinforcement with the
aluminium matrix as MMC composites. In this pa-
per, graphene/AA5083 MMC with various graphene
contents was fabricated using the stir casting method.
Besides, the effect of the graphene content on the me-
chanical and wear behaviour of the graphene/AA5083
MMC has also been investigated. Finally, worn sur-
faces of the MMC were investigated by SEM.

2. Base material and reinforcement

In this paper, AA5083 is used as a matrix mate-
rial for manufacturing the MMC. This aluminium
alloy consists of magnesium (4.0-4.9%) and man-
ganese (0.4-1.0 %) as its extensive alloying elements.
Graphene having lateral dimensions of 5-10 pm and
thickness of 5-10nm was used as the reinforcement.
Graphene has outstanding properties such as modulus
of elasticity (0.5-1TPa), tensile strength (130 GPa),
and thermal conductivity (5.3 x 103 Wm~!K™1).
Graphene has a distinguished concentration in the
field of composites [5] and has proven to be an ex-
cellent reinforcing material for the aluminium MMC

[6].

Fig. 2. Cast specimens.

3. Preparation of AA5083 composite

An AA5083 plate is sliced into pieces of 15 mm x
15mm X 8 mm to be easily placed in the graphite
crucible. Initially, the AA5083 sliced plate of the mea-
sured quantity is preheated for 2 h at 350°C in a muffle
furnace to eliminate the oxides present in the material.
The preheated AA5083 is melted in the crucible at the
liquid temperature of 700°C. Later the graphene pow-
der is added manually. The blend is stirred at 300 rpm
for 10 min using a stirred blade coupled with the mo-
tor, as shown in Fig. 1. The appropriate stirring pro-
duces excellent mixing of materials and results in an
orderly microstructure.

At last, the slag is removed from the molten com-
posite. Finally, the molten metal is transferred to
the preheated low carbon steel mould of 100 mm X
100 mm x 20 mm to prepare the MMC plates for test-
ing. After solidification, the MMC plates are extracted
from the mould. The extracted specimens are shown
in Fig. 2. The same procedure is adopted for different
compositions of graphene reinforcement. Three speci-
mens are prepared, specimen A contains only AA5083
matrix, specimen B contains 5wt.% graphene, and
specimen C 10 wt.% grapheme.

4. Chemical composition confirmation test

The presence of graphene in AA5083 MMC is
confirmed by Energy Dispersive Spectroscopy (EDS)
analysis. Figures 3a,b depict the EDS spectrum of
specimen B and specimen C MMCs. The individual
peak corresponds to the existence of a chemical ele-
ment in the MMC. From the EDS, it is observed that
the highest peak coincides with aluminium as the ma-
trix material. Next to the aluminium peak, the corre-
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Fig. 3. Graphene reinforced MMC: (a) EDS spectra, spec-
imen B and (b) EDS spectra, specimen C.

sponding peaks are magnesium and graphene elements
in the MMC represented in the EDAX image. Figure
3b shows the presence of graphene in AA5083 with
10 wt.% of graphene MMC (specimen C). It can be
thus recorded that the graphene particles are present
in the AA5083 matrix. EDAX of both MMC speci-
mens illustrates no significant existence of silicon car-
bide, alumina, and magnesia. The presence of oxides
in the aluminium is removed as slag before pouring
the molten metal into the mould.

5. Testing of mechanical and wear properties

A wire Electric Discharge Machining (EDM) is
used to machine the composite as per the standard
size for investigating the mechanical and wear proper-
ties of the MMC. The first and foremost testing is a
tensile test, used to evaluate the tensile strength and
percentage of the elongation. The tensile test is carried
out using Universal Testing Machine (UTM) as per
the ASTM standard. The specimens are prepared as
per the ASTM E08-8 standard. To investigate the flex-
ural strength of the composites, the bending tests are
carried out using the UTM machine as per the ASTM-
A370 standard. The impact strength of the composite
specimens is estimated using the Charpy impact test-
ing machine as per ASTM E23-04 standard. Finally,
the Brinell hardness test was conducted with refer-
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Fig. 4. Tensile properties of specimens A, B, and C.

ence to the ASTM E10-07 standard using the 10 mm
steel ball indenter at a penetration load of 500 kgf. All
four tests are performed at room temperature of 28 °C,
and each test is carried out three times to attain an
accurate average value for each mechanical property.

After mechanical tests, a wear test is conducted
using the pin-on-disc wear testing apparatus (TR-
-201LE, Ducom, India). The disc with the specifica-
tion of 80 mm diameter and 15 mm thickness made of
EN31 grade steel with the hardness of 62 + 2 HRC is
utilized in the testing. The wear test is performed us-
ing the process parameter of load (15 N), sliding speed
(1.0m s~ 1), sliding distance (2000 m), and sliding time
(30 min). The composite specimens are machined into
a cylindrical pin with dimensions of 10 mm diameter
and 8 mm length.

6. Results

To evaluate their mechanical and wear properties,
metal matrix composites were subjected to different
tests. Based on the testing of MMCs, consecutive re-
sults are noticed.

6.1. Tenstle test results

The tensile test results of different specimens are
shown in Fig. 4. The tensile strength and percentage
of elongation for three specimens are determined. The
increase in tensile strength of AA5083 composite is
observed due to the addition of graphene as reinforce-
ment. The tensile strength of specimen B (5 wt.%) is
152 MPa, and specimen C (10 wt.%) is 225 MPa. The
presence of graphene particles acts as a barrier for dis-
location motion in the matrix, and it provides a better
strengthening mechanism during the tensile loading. A
higher strengthening mechanism helps to improve the
strength of the material [13]. However, the percentage
of elongation is reduced from 13 to 11 %. The addition
of graphene declines the elongation percentage com-
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Fig. 5. SEM image of tensile fracture in specimens A, B,
and C.
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Fig. 6. Samples for flexural strength testing.
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Fig. 7. Flexural test results of specimens A, B, and C.

pared to that of AA5083 without reinforcement. The
dissimilar thermal coefficient expansion between the
reinforcement and matrix produces a higher tempera-
ture during the tensile test. This elevated temperature
produces more local stress at the boundary, restrict-
ing the larger plastic deformation and causing lower
elongation [13]. A similar reduction in elongation per-
centage is observed in [5, 6]. Figures 5a—c illustrate the
fracture SEM images of tensile tested specimens. The
tensile failure of the MMCs is controlled by the pro-
gressive failure of the graphene particles. The tensile
tested samples are depicted in Fig. 6.

6.2. Flexural test results

The flexural strength of the composite specimens
is determined using a three-point bending test. The
test is conducted as per the ASTM standard in the
UTM machine. Figure 7 shows the comparison of the
flexural strength of the three specimens. The flexural
strength increases with increasing graphene, and it is
observed that the flexural strength of MMCs is higher
than that of the AA5083 matrix material, and similar
results are reported [8]. It has been noted that the
flexural strength of specimen C is 20 % higher than
that of specimen A.

The reinforcement property provides a tough inter-
face and better transfer of loads from the matrix to the
reinforcements. An increase in reinforcement results
in a higher thermal coeflicient mismatch and leads
to Orowan strengthening effect. Orowan strengthen-
ing effect increases the strength of the composites [3],
and it is the main reason for higher tensile and flexural
strength.

6.3. Hardness test results

The hardness test is carried out with the help
of a Brinell hardness tester. The Brinell hardness
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Fig. 8. Hardness results of specimens A, B, and C.

test results of three different specimens are shown
in Fig. 8. The graph shows that the hardness of
AA5083 is improved from 49.41 BHN to 59.3 BHN
after adding 5 wt.% graphene particles. This is due
to the proper bonding of reinforcement particles in
the matrix and the good refinement of the MMCs.
It is noticed that there is an increase in hardness as
the wt.% of graphene increases. 10 wt.% of graphene
improved the hardness by 62.15 BHN. The superior
hardness is noticed in specimen C (10 wt.%), which
is 20 and 5% higher than in specimens A and B.
The graphene accumulation may lead to higher slip-
page between graphene flakes, inhibiting grain growth.
More graphene reinforcing particles react as a grain
development inhibitor, causing fine grains to form, en-
hancing the hardness. However, the process fills the
voids and reduces the defects [5, 11]. This could be
one reason for the higher hardness in specimen C
(10wt.%). The higher reinforcement helps decrease
the density of the MMCs and further improves the
hardness. Similar hardness was noticed in the AA5083
MMCs reinforced with MoS, contents varying from 1
to 4 wt.% [6].

6.4. Impact test results

Figure 9 shows the impact strength of three speci-
mens. The bar chart implies that the impact strength
increases with the addition of graphene in the AA5083
matrix. It can be observed that there is no signifi-
cant difference between the impact strength of speci-
men B (5 wt.%) and specimen C (10 wt.%). The ma-
jor reason for not having any improvement in the im-
pact strength is due to the existence of more carbide.
Hence, it leads to a decrease in ductility and an in-
crease in hardness. A similar observation was noticed
in the Ti-Al composites with carbides and graphene Al
composites; where the amount of carbides increases,
there is a reduction in the impact strength [15, 16].
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Fig. 9. Charpy impact test results of specimens A, B, and
C.

However, there is no significant improvement in the
increase of graphene weight percentage. The improve-
ment in impact strength of graphene reinforcement
MMC was 8.28 % higher than that of the pure AA5083
alloy.

6.5. Influence of carbide on mechanical
properties

The microstructure of AA5083 composites of spec-
imens A, B, and C are shown in Figs. 10a—c. The ex-
istence of carbide in the aluminium matrix can be
noticed in the microstructures. However, more car-
bides are observed in specimen C compared with
specimen B. The addition of graphene is larger in
specimen C compared to specimen B. Figures 1la—
¢ characterize the higher magnification SEM im-
ages of specimens B and C. The SEM shows the
presence of carbides and graphene inclusions in the
AA5083 composites. The carbides are shown in the
form of black regions, and the graphene is seen in
the white regions. The more dispersed carbide forma-
tions are noticed in specimen C compared to spec-
imen B due to a higher volume of graphene parti-
cles present. The presence of carbide in aluminium
MMC enhances the strength of the composite mate-
rial [17, 18]. The tiny diffused carbide particle is
the reason for an increase in the mechanical prop-
erties of MMCs. However, the addition of graphene
in AA5083 reduces the ductility due to the accumu-
lation of carbide particles. Similar results were ob-
served in the AA6061 graphene reinforced compos-
ites [11]. The increase in wt.% of graphene in the
MDMCs results in the formation of more carbides and
an increase in tensile, flexural strength, and hardness.
However, the impact strength is not improved signif-
icantly in higher wt.% of graphene, which may be
due to the higher formation of carbides in specimen
C (10 wt.%).
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Fig. 10. Microstructure of AA5083 composites: (a) speci-
men A, (b) specimen B, and (c) specimen C.

6.6. Wear test results

The wear test is performed for all three speci-
mens of AA5083. Figure 12 shows the comparative
results of wear (in microns) for AA5083 matrix and
graphene reinforced composites. Wear in microns for
each specimen is evaluated based on the frictional
force and normal force between the rotating disc and
pin. The graph shows that the wear resistance of the

Fig. 11. SEM images of AA5083 composites: (a) specimen
A, (b) specimen B, and (c) specimen C.

graphene/AA5083 MMCs is lesser than that of the
AA5083 matrix.

The graphene tribo film reduces the shear stress
level transferred to the sliding material beneath the
contact area, resulting in lower plastic deformation in
the lower surface region. Hence, it is the reason for
higher wear resistance in the AA5083 MMCs. Sim-
ilar phenomena were observed during the wear test
of graphene-reinforced AA7075 composites [11]. More-
over, MMCs with 10 wt.% of graphene (specimen C)
content show excellent wear resistance properties. The
wear decreases with the addition of graphene and
reaches a minimum at 10 wt.% graphene. It is about
43 % lower than that of the AA5083 matrix mate-
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Fig. 12. Wear test results.

rial, where the wear resistance of MMC increases with
the increase of graphene reinforcement particles. The
higher graphene particles in the aluminium matrix act
as load-bearing elements and provide excellent bond-
ing strength in the MMCs. However, hardness was the
main point for improving the wear property of AA5083
composites [9]. The existence of graphene particles in
the AA5083 significantly improved the hardness prop-
erty of the MMCs, resulting in better wear resistance
of the composites. The higher hardness graphene rein-
forcement composites result in higher wear resistance
properties.

6.7. SEM analysis of wear surfaces

Figures 13a—c show the SEM images of the worn
surfaces of the MMC. Compared with the AA5083
matrix, the graphene/reinforced composites show less
severity on the worn surfaces. The larger area of crater
surface and wear debris were noticed in specimen A
(Fig. 13a). The soft behaviour of the matrix material
easily formed a detached surface against the hard sur-
face disc. Hence, it was the reason for higher wear and
more worn surfaces. Less debris and a small area of
crater surface were observed in specimen B (Fig. 13b).
However, tiny debris and a small frictional surface
were noticed in specimen C (Fig. 13c). The reduc-
tion of less worn surface and debris in specimen C
(10 wt.%) was mainly due to the increase in the weight
percentage of graphene. The smeared graphene parti-
cles from the surface of composites form a tribofilm
layer between sliding surfaces, which avoids direct con-
tact with the disc surface. A similar phenomenon was
noticed in the graphite reinforced aluminium com-
posites [12]. This tribo film and hardness properties
greatly resist the shear stress and plastic deformation
against the wear load between the pin and disc. How-
ever, it also changes the wear failure mechanism from
abrasive to adhesive. The graphene in the AA5083 ma-

Fig. 13. Worn surfaces of specimens: (a) A, (b) B, and (c)
C.

trix enriches the load-bearing capacity and reduces the
wear failures against the hard counter surface disc.

7. Conclusions

This paper highlights the fabrication of graphene
reinforced AA5083 MMC using the stir casting me-
thod, followed by examining mechanical and wear
properties. Based on the results, the following obser-
vations were inferred:

— EDS analysis confirmed the dispersion of graph-
ene particles in the AA5083 matrix, and the adequate
mixing of graphene in the matrix was confirmed by
the SEM examination.
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— The addition of graphene in the AA5083 exhibits
better mechanical properties.

— The tensile strength increases from 152 to
225 MPa after successfully adding 5 wt.% of graphene.
However, it was 32 % higher compared to the unrein-
forced AA5083 alloy.

— The graphene particles in the AA5083 signifi-
cantly improved the flexural strength and hardness
of the MMC, and it was superior to that of unrein-
forced AA5083. Thus flexural strength and hardness of
specimen C (10 wt.%) were 20.68 and 20.96 % higher
than the unreinforced AA5083. The effect of Orowan
strengthening mechanisms and the existence of car-
bide particles enhanced the mechanical properties.

Adding 10wt.% of graphene particles to the
AA5083 matrix, the impact strength has been in-
creased about 8 % more than AA5083. However, there
was no significant difference in the impact strength
with increased wt.% of graphene from 5 to 10 wt.%.

— The wear resistance of the MMC increases drasti-
cally with the addition of graphene reinforcement due
to the increase in hardness. The wear resistance of the
MMC was 43 % higher than that of the unreinforced
AA5083. The graphene in the MMC exhibited supe-
rior wear resistance due to forming a thin film layer
against the tribo surface.

— The wear debris and crater surface were more in
the AA5083 matrix compared to the graphene MMCs.
The increase in the wt.% of the graphene in the ma-
trix reduced the size of wear debris and restricted
the crater formation. The 10 wt.% graphene reinforced
AA5083 MMC can be considered appropriate material
for a choice of wear and structural applications.

— To conclude, mechanical and wear properties in-
creased with the existence of carbides in the MMC.
However, there is a reduction in ductility, and no sig-
nificant improvement in impact strength was noticed
in specimen C (10 wt.%); this may be due to more
concentration of carbides in the matrix. Hence the cre-
ation of carbides in the MMC acts as a tough and good
effect on enhancing the mechanical properties.
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