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Abstract: The Al-Zn-Mg hybrid composite play a vibrant role in meeting the definite application
in aerospace due to its greater mechanical and tribological properties. In this paper, a die casting
technique is adopted to prepare the Al-Zn-Mg hybrid metal matrix composites by changing graphite
(Gr.) at 1%, 3%, 5% and 7 weight percentage at constant 2% of silicon carbide (SiC). The test
specimens are prepared as per ASTM standard and undergo surface study and wear study. Wear rate
for Al-Zn-Mg hybrid metal matrix composite is performed on pin on disc wear equipment by
varying sliding distance (250, 500, 750, 1000, 1250 and 1500 m) and applied load (5, 10, 15, 20, 25
and 30 N) at constant sliding velocity (1.5 m/sec). Optical microstructure images reveal sufficient
bonding between matrix and reinforcement material. As graphite particle increases wear rate
observed to be decreased however, rising in speed and load wear rate was increased. For Al-Zn-
Mg/2% SiC/7% Gr. hybrid composite exhibited 57.83% decrease in wear rate has compared to non-
reinforced Al-Zn-Mg alloy. SEM images of worn-out surface shows scratching, ploughing,

delaminated layer and plastic deformation.

Keywords: Al-Zn-Mg alloy; Stir casting; Wear rate; SEM image; Graphite; Microstructure

1. Introduction

Essential part of any engineering industry is selection
of material for a specific application to meet as per
suitable engineer design. In general, higher strength of
material will have higher density!. Al alloy have better
physical and mechanical behaviour upon loading hence,
which will suit the automotive application and exhibit
poor adhesive wear?. The structure and reinforcement
properties of metal will influence in control of mechanical
characterization of MMCs®. For automobile and
aerospace application Al 7075 are preferred due to their
high toughness and high tensile strength®. For solid
lubricant graphite is commonly used due to its properties
like chemical inertness, low friction, film forming ability.
Wear rate for aluminum-based composite may be reduced
by adding suitable quantity of graphite particles®. MMCs
is one of the crucial materials in recent decades due to
their significant consideration of low density, stiffness and
higher strength®. Hybrid composites are the group of
composites which has two different types of metal
particles were added as reinforcement in the matrix alloy

and are used in satellite bearings, inertia navigation and
laser reflectors”. The fabrication process commonly
adopted to produce MMCs are powder metallurgy,
squeeze casting and stir casting which is extensively used
due to cost effective, flexible and simple in operation®19),
Different method can be used to prepare MMCs like
squeeze casting, compo casting, spray deposition and stir
casting!"'?. Improved wear results are obtained for
aluminium alloy produced by using FSP'®. B4C particles
in AA2024 alloy improves the mechanical property and
maximum tensile properties was observed for 4 wt.% of
boron carbide'*!,

MMCs have achieved better mechanical properties over
ordinary material and compounds which will have a
potential constructive material for automotive and marine
applications'®!”. Wear properties for Al7075 alloy
reinforced with AlO3/SiC is understood by using Lo
standard orthogonal array'®?"). Composite materials are
produced by mixing whiskers, fibers and metal particles,
ceramic to achieve the enhanced features of conventional
materials?”. Effort has been made on AW2024/B;C
composite by stir casting route and determined the
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influence of process parameter on tensile strength and
hardness of formed composite??. Work has been reported
on effect of SiC particles on A17075 alloy on tribological

properties?. Work on nickel alloy base hybrid
composite’? was done on thermal properties,
microstructure evaluation and wear characteristics

through sand mould technique?-%. Experimental work
has been reported on short carbon fiber reinforced
composite on its characterization and analysis®V.
Tribological Behavior’? of Organic Anti-Wear and
Friction Reducing Additive of ZDDP under Sliding
Condition: Synergism and Antagonism Effect was done
and reported the outcomes®®. Effect of carbon fiber
Content on the tensile, flexural, and thermal properties of
the Sisa/lPMMA Composites was reported in their
research outcomes*¥. Mechanical behaviour and fractured
surface analysis was done and reported in their finding
that the hybrid composite under gone ductile type of
fracture®. Research work has been done on Al-Cu based
composite through stir casting method. Experimental
hardness was predicted and validated through linear
regression and machine learning method>®). Investigation
on friction stir welding®” reinforced with nanoparticle
joint has been done to know the microstructural and
macrostructural review and also comparative analysis
followed by mechanical characteristics®®. Influence of
AL Os and TiO, nanoparticles on AA6061-T6 joint for
mechanical and microstructural characteristics of FSW
nanocomposites has been done by volume fraction. The
respective wear and mechanical properties were
correlated with the fractography and microstructure
study**49. AA6061-T6/ Al,O; reinforced composite with
friction stir welding*) are produced which results in
reduction in granular size. Tensile strength, wear
properties are notably increased***?). By considering
above fact for the present investigation work Al-Zn-Mg
alloy is chosen as matrix and SiC and Gr. as
reinforcements. Thus, the aim of this current work is to
deal with the effect of reinforcements on Al-Zn-Mg alloy
on surface examination and wear study of Al-Zn-
Mg/SiC/Gr. hybrid composites.

2. Material selection and fabrication method

2.1 Matrix Material selection

In the existent investigation, the hypo eutectic Al-Zn-
Mg alloy ingot as received from the Fenfe Metallurgical,
Bangalore is selected as matrix material. Zinc and its alloy
are commonly employed in rail cars, tennis racket,
construction of aircraft due to its superior strength, higher
wear resistance, greater stiffness and dimensional stability.
Table 1 demonstrate, the elemental composition of Al-Zn-
Mg alloy as supplied by the supplier.

Table 1. Al-Zn-Mg alloy chemical composition

Element Wt. %
Al 91.2
Zn 3.25
Mg 1.9
Cr 0.8
Cu 1.8
Mn 0.4
Fe 0.5
Ti 0.15

Si 0.5

2.2 Selection of reinforcement material

Greatest improvement on wear characteristic is due to
the influence of silicon carbide particles in Al alloy.
Silicon carbide which acts as obstacles to the motion of
indentation thereby achieving the improved hardness in Al
alloy composite material'¥. By adding graphite (Gr.)
particles in Al alloy, coefficient of friction is observed to
be declined however, it will enhance the resistance to wear
in hybrid composite®. Average particle size of SiC and Gr.
are 156pum and 165pm. SEM images and photograph of
(a) SiC and (b) Graphite particle reinforcement is
represented in Fig. 1 and Fig. 2.

Fig. 1: SEM images of (a) SiC and (b) Graphite particles.
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Fig. 2: Photograph of (a) SiC and (b) Graphite particles.

2.3 Preparation of hybrid composites

Hybrid composites were fabricated as per the
composition in wt.% as represented in Table 2. Formation
of Al-Zn-Mg/SiC/Gr. hybrid composites are done by
choosing split die (graphite material) having dimension of
26mm diameter and 300mm length. To eliminate the slag
and oil contamination, pre-heating was done at the inner
surface area of the split die at 250°C. Coating material
(14ESS) was used at the inner surface area of the split die
which act as protective grade to absorb moisture and
produce smooth surface.

Electric furnace which is prepared by using cast iron
material is preheated to 650°C and aluminium matrix alloy
along with reinforcements were melted in the electric
furnace. The electric furnace was heated up to 1500°C and
Al-Zn-Mg alloy is melted in the graphite crucible. The
reinforcements which was pre-heated at 750°C to
eliminate the impurity present on the particle surface and
to promote the wettability. Mechanical stirrer (stainless
steel) was adopted to obtain homogenous mixing of
hybrid composite by adding graphite reinforcement from
1 wt.% to 7 wt.% in step of 2 wt.% for constant 2 wt.% of
silicon carbide.

Degassing tablet (1/4th portion) was introduced into the
mixture to takeout the entrapped gas and other
contamination. The slag formed on the surface of the
molten metal is removed out by using skimmer tool and

the hybrid composite is poured into the split die which is
pre heated and followed to natural air cooling for
solidification. Once the split die attains ambient
temperature the cast specimen is removed out from the
split die. As per ASTM E3 and G99-17 standards
microstructure and wear test specimens were prepared
through conventional lathe machine tool as represented in
Fig.3.

Table 2. Different test specimens prepared as per the chemical

composition.
Chemical composition (wt.%)
Test Silicon
Specimen Al;Zl:);Mg Carbide  Graphite (Gr)
(SiC)

TSI 100 - -
TS2 97 2 1
TS3 95 2 3
TS4 93 2 5
TS5 91 2 7

Fig. 3: Photograph of (a) Microstructure specimen and
(b) Wear specimen.

3. Testing of prepared hybrid composite
material

Prepared hybrid composites which are machined as per
the ASTM standard size for microstructure and wear rate
study. Microstructure inspection was made by using
optical microscope (Model: Lx-047) as represented in
Fig4 (a) to understand how the dispersion of
reinforcements particles in the Al-Zn-Mg alloy. Wear test
was conducted on a pin-on-disc wear testing equipment
(NTS-POD-VO01) as presented in Fig. 4 (b) by varying
speed and load at constant sliding velocity according to
ASTM G99-17 standard. The volume loss technique was
adopted to determine the rate of wear from Equation (1-
3). Wear rate was obtained for prepared hybrid composite
specimen and plotted graph between wear rate v/s speed
and also for wear rate v/s load for five different samples.
The Volume loss and wear rate was then found out by
using the formula:

e Cross sectional area A = nir? (mm?) .......... 1)

Where Radius of test specimen (r) in mm.

¢ Volume loss V= Area x Height loss (mm®) .... (2)

Where Height loss (H) in mm.

e Wear rate = Volume loss / Sliding distance
(Mmm3¥N-m) ......... 3)

Where sliding distance in m.
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(b)

Fig. 4: Photograph of (a) Microscope and (b) Wear testing
machine.

4. Results and discussion

4.1 Microstructure study

Fig. 5: Microstructure images for (a) Unreinforced Al-Zn-
Mg matrix, (b) Al-Zn-Mg alloy/2 wt.% SiC/7 wt.% Gr. hybrid
composite.

Figure 5 (a and b) demonstrate the microstructure
photographs of Al-Zn-Mg alloy and Zn-Mg alloy-based
hybrid (Al-Zn-Mg/SiC/Gr) hybrid composites. Figure 5
(a) shows the pure Al-Zn-Mg alloy having some porous
which may occur during the production of Al7075 alloy.
The chief factor for occurring porous in Al-Zn-Mg alloy
is might be the insufficient of degasification and
prolonged pouring time. Similar outcomes were found in
their research findings by Kumaraswamy Jayappa et al 2V.
Figure 5 (b) shows the incorporation of 2% of SiC and 7%
of graphite particles in the soft Al-Zn-Mg alloy and
uniform spreading of silicon carbide which is due to right
stirring of reinforcements in the mixture. Due to the
incorporation of reinforcements (SiC and Gr.) in the soft
Al-Zn-Mg alloy results in improved hardness value and
strength of hybrid composites. However, the ductility of
fabricated hybrid composite is declined. The reason
behind for decline in ductility is due to the several factors
which includes splitting of reinforcements particle,
conductivity of matrix material, restriction on grain
boundary, thermal expansion of reinforcement, pouring
temperature of the mixture into the die etc. during
fabrication of the hybrid composite. Bond quality between
matrix alloy and reinforcements is observed to be good
which is maybe due to right stirring of the mixture and
addition of pre-heated reinforcements into the vortex of
the mixture. Figure 6 (a-b) shows the EDX spectrum
image of Al-Zn-Mg alloy showing the evidence of
presence of Aluminum, Zinc, Magnesium and other basic
elements within the selected area.
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Fig. 6: (a) Selected arear for EDX spectrum(b) SEM-EDX
image of Al-Zn-Mg alloy
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4.2 Wear rate analysis
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Fig. 7: Wear rate of Al-Zn-Mg/SiC/Gr. hybrid composite for
different load applied.

Wear rate analysis has been exemplified in Fig. 7
showing increase in wear rate for all combination of
produced hybrid composites when the applied load
increases through pin and disc wear testing equipment.
Reason for increase in wear rate is maybe due to the
contact specimen surface area and normal load applied on
to it. Further, frictional force between the specimen
surface and the steel disc surface have contributed for
increase in loss of material resulting for greater wear rate.
Higher wear rate value was observed to be for Al-Zn-Mg
alloy for all loading condition however, the lesser wear
rate value was observed for Al-Zn-Mg/2% of SiC/7% of
Gr. hybrid composite. On addition of reinforcements
(SiC/Gr.) in soft Al-Zn-Mg alloy led to increase in
hardness value for hybrid composites. Intensity of wear
rate was observed to be decreased as hardness of hybrid
composite increased. From the prior review study on
composite material, reported that TiC particle
reinforcement exhibits the stack to matrix resulting
slowing the loss of material. Similar trend has been
obtained on wear characteristic on AA6061-
T6/Al0s reinforced nanocomposite using friction stir
welding by Tanvir Singh and other®*4.

Figure 8 illustrate the wear behavior*) for Al-Zn-
Mg/SiC/Gr. hybrid composites for different speed
condition. It is clear that, as increase in speed from
250rpm to 1500rpm wear rate observed to be increase for
all combination of hybrid composites. The impact of hard
reinforcements in Al-Zn-Mg alloy have resulted lower
wear rate as compared to Al-Zn-Mg alloy. It is seen that,
wear rate is seen to be more for higher speed which is
might be the increase in temperature, frictional force, lack
of lubrication and normal force between test sample
surface and rotating steel disc. Greater wear rate is
observed to be Al-Zn-Mg alloy for all varying speed
however, lesser wear rate is seen to be for Al-Zn-Mg/2%
of SiC/7% of graphite hybrid composites. Upon adding

reinforcement into the matrix material contributed in
enhancing the hardness property of Al-Zn-Mg alloy
conversely intensity of wear is lowered as hard particles
will restrict the loss the material*-49),
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Fig. 8: Wear rate of Al-Zn-Mg/SiC/Gr. hybrid composites for
different speed applied.

4.3 Study on worn-out surface
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Fig. 9 (a-e): SEM photographs of worn-out surfaces for
samples examined at v =1.5m/sec

Damaged Al-Zn-Mg interface and its silicon carbide
(SiC) and graphite particle of hybrid composites
represent different class of wear for different wear
condition. Aluminium material flow plastically along
the sliding direction resulting smoother surface
contributing lesser wear loss as presented in Figure 9
(a). Figure 9 (b-c) shows worn surface of Al-Zn-Mg
hybrid composite, which is having some scratches,
grooves, particle separation and delaminated layer
resulting considerable loss of material. The material

loss is might be other factors which includes hardness
of reinforcements material, bonding between matrix
and reinforcement, applied load on to the test specimen,
temperature during the test etc. Figure 9 (d-e) represent
worn-out surface for Al-Zn-Mg hybrid composites at
different wear test condition. It is evidence that as
reinforcement added to soft Al-Zn-Mg alloy matrix
resistance to wear is enhanced successively decrease in
coefficient of friction. Sever plastic deformation,
ploughing, narrow grooves, scratches and oxidation
was observed on the worm out surface the reason may
be the pressure occur between the mating surface of
specimen and steel disc, temperature, duration of test,
successive loss of material layer, abrasive action. It is
knowing fact that the examined hybrid composite
material undergone permanent plastic deformation
resulting ductile type of failure. Oxidation which occur
on material surface undergo some chemical reaction
due to the occurrence of atmospheric gases resulting
failure of material by creating some internal cracks.
Prior investigator in their research article reported that
worn out surface of Al-Zn alloy reinforced with
aluminum oxide (AlO3) and E-glass shows ductile
fracture 2629,

Based on experimental examination on worn out
surface on Al-Zn-Mg alloy, silicon carbide and graphite
particles show the considerable wear loss to the Al-Zn-
Mg alloy. The wear rate has been considerably
decreased for prepared hybrid metal composites
material when matched with the matrix alloy alone.

Further, wear resistance and hardness is enhanced
with addition of reinforcements into the Al-Zn-Mg
alloy subsequently the specimen surface roughness was
observed to be increased. It is important to study worn-
out surface of developed hybrid composites to know
the behavior of hybrid metal matrix composites under
different composition and different wear test
condition3%-3).,

5. Conclusions

In this investigation work on Al-Zn-Mg/SiC/Gr.
hybrid composites were produced effectively through
die casting method and following notable remarks are
drawn as listed below:

e Sound hybrid composites are fabricated by varying
silicon carbide (SiC) and graphite particle as
reinforcements by conventional die casting
technique.

e Microstructure of prepared hybrid composites
presented the fairly uniform spreading of
reinforcements in the matrix alloy by proper stirring.

e The wear rate was observed to be increased with
increase in load applied and rotating speed of wear
testing machine for all composition.

e For developed hybrid composite (Al-Zn-Mg/2%
SiC/7% Gr.) material shows 57.83% decrease in
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wear rate when matched with Al-Zn-Mg alloy. This
trend is matched with the previous investigator
Tanvir Singh and other in their research finding®-43),
It is evident from SEM-EDX image, shows the
existence of aluminum, zinc, magnesium and other
element authenticating that the selected matrix is Al-
Zn-Mg alloy.

SEM photographs of worn-out surface for different
wear test condition shows the direct association
between applied load, speed and wear rate.
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