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Green composites were prepared by recycling waste Aluminum and ceramic debris of marble and granite stones obtained
during stone cutting at building construction sites. The composites were developed using the most economical stir casting
process under ambient conditions with five weight percent of white marble powder and black granite powders. The
microstructure characterization was done with my optical and SEM micrography as well as XRD. The microstructure shows
fair particle distribution and improved hardness by 22-25% than the base matrix. The tensile strength and elastic modulus
also improved. The density remained stagnant due to porosity. A decline in elongation and impact strength was observed. The
study recommends using waste Aluminum and waste ceramic powders to develop green composites for non-critical industrial
applications such as structures, furniture, stationary machine parts, and automobile chassis.
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Introduction

Ceramic-reinforced composites are being explored in
different compositions and processing for improved
industrial applications in the areas of automobile, aerospace,
military, power, biomedical [1, 2], electromagnetic [3-
7], and structural. Stones such as marble, and granite,
are natural composites having a complex composition
but very good hardness and compressive strength apart
from a pleasant texture and appearance. Hence,
construction industries use natural stone extensively
during construction activities, particularly during the
cutting of stones and ceramic tiles during flooring in
buildings. Due to their hardness, stones are cut and
polished using diamond cutting tools [8], which generate
a lot of ceramic debris known as stone dust. These dust
particles are very fine and often get suspended in the
air, polluting the environment and causing respiratory
diseases such as silicosis [9]. Moreover, these ceramic

waste powders are discharged in drains, which leads to
contamination of wastewater, choking of drainage and
pipes, and adversely affects the wastewater recycling
plants by damaging their components.

On the other hand, engineering ceramics such as
titania, alumina, zirconia, and other oxides of metals, in
different size classifications are extensively used to
reinforce non-ferrous metals and alloys to develop
custom-made composites for various engineering
applications such as military and defense, aerospace,
automobile, and structural components. 

Industrial and agricultural wastes can be successfully
used to reinforce the matrix of polymers to produce
sustainable and renewable composites [10, 11]. Most
natural fibers such as hemp, jute, date palm leaves, rice
husks, Bagasse [12], Vinasse [13], etc. can be used to
reinforce polymers and for thermal insulation and high-
end applications [14]. Waste materials such as crump
rubber [15, 16], and eggshell [17], have also been used.

Several earlier studies have explored the recycling of
stone dust and other waste materials by reusing them.
Marble dust was used to replace some amount of
cement in the concrete mixture and obtained good
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compressive strength at a reduced cost [18], the study
also suggested the use of marble dust in mortar mixture
to obtain better binding and reduce cement cost without
compromising the compressive strength. Synthetic
wollastonite was developed from Industrial marble and
quartz wastes and used to replace cement in light-
weight mortar, 2-5 percent replacement levels improved
the mechanical properties and insulation [19]. Cement-
granite scrap composites were found to be more effective
in the solidification and stabilization application of
radioactive wastes [20]. The durability of concrete may
be increased using fine granite and marble powder
fillers, blocking the penetration of harmful corrosion-
causing chemicals [21]. In a study, a 6063 Al matrix
was reinforced with waste marble dust particles using a
friction stir process, and 52% improved tensile strength
and 29% increased microhardness was reported. The
specific wear rate improved by 25% and the friction
coefficient improved by 23% [22]. Al-Ni-Cu alloy
reinforced with marble dust particles between 3-12
weight percent imparted improved hardness and tensile
strength by 50% and 23% respectively however, a
decline in the impact strength up to 40% was reported
[23]. ZA-27 alloy reinforced with marble dust (0-10
weight percent) was evaluated for ball bearings,
compressive strength, and impact strength increased up
to 7.5 percent of marble dust while the flexural strength
and stress intensity factor exhibited improvement up to
1- percent marble dust [24]. Marble dust hence provides
a low-cost and sustainable option for developing
composites [25].

Stir casting is a proven cost-effective technique for
the liquid procession of metal matrix composites with
nonferrous alloy matrices [26-28].

Summary and gaps in published literature
• Recycling natural, agricultural, and industrial

wastes is the only way forward for the sustainable
development of advanced materials.

• Marble and stone dust can successfully reinforce
ceramic, metallic, and polymer matrices to prepare
composites.

• Some degree of improvement is exhibited up to the
limited addition of marble and granite dust.

• Stir casting can be successfully and cost-effectively
used to develop metal-marble dust composites.

• Normally, up to 7 percent of powder addition, the
tensile properties and microhardness in metal-marble
dust composites improve and beyond this, the
properties either deteriorate or become stagnant.

• Preheating marble dust is effective in removing
moisture and porosity.

• In higher amounts, marble dust compromises the
toughness and hardness,

• Polymer matrix while reinforcing with marble dust
improves compressive properties but tensile strength
and impact strength is compromised.

• Ceramic matrix responds most favorably to the

addition of marble and granite dust, while for
metallic and polymer matrices, the composition
and processing are to be selected with caution. 

• Agglomeration and segregation of marble dust and
granite dust particles happen if added in a higher
amount.

• Exploration of stone dust powders by adding them
to recycled Aluminum is yet to be explored. 

• The detailed characterization and investigations on
the Aluminum and stone dust composites are yet to
be explored and their industrial applications are yet
to be determined.

Experimental and computational studies were conducted
to examine the impact response of a polyurea-coated
ceramic and aluminum composite plate to a fragment
of low velocity and big mass [29, 30]. Comprehensive
research was done on the mechanical properties of
samples made by FDM using composites based on
polylactic acid (PLA) and diverse additives, such as
wood, porcelain, copper, aluminum, and carbon fiber
[31]. The quick synthesis of ceramic particles to
specifically strengthen aluminum matrix composite
(AMC) structures was made possible by the low-cost
process known as wire-powder-arc additive manufacturing
(WPA-AM) [32]. By using this technique, user-defined
places inside a single MMC component might be
customized for compositions and attributes [33]. It was
shown how to analyze the vibration of fractured
ceramic-reinforced aluminum composite beams using a
technique based on variations in modal strain energy.
By use of the Mori-Tanaka micromechanical model,
the effective characteristics of the composite materials
used in the beams were determined [34].

The proposed method addresses the issue of waste
reduction in the manufacturing industry by exploring
the use of waste materials as reinforcements in composites.
Specifically, waste aluminum and ceramic powders are
utilized as reinforcements in a green composite, which
is a novel approach in the field of composite materials.
Additionally, the fabrication process used in this study
is unique, as it employs a powder metallurgy technique
that allows for the production of high-quality composites
with a uniform dispersion of the reinforcement materials.
This technique also enables the use of relatively low
processing temperatures, which is beneficial in terms of
energy efficiency and reducing the carbon footprint of
the manufacturing process. Furthermore, the study
explores the mechanical and thermal properties of
green composites, which is an important area of
investigation given the potential applications of such
materials in various industries.

The wear properties of the composites depend on
several factors, such as the composition of the matrix
metal, the type and concentration of the ceramic
particles, and the porosity of the material. Composites
with higher ceramic content and lower porosity tend to
have better wear resistance than those with lower
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ceramic content and higher porosity.
The addition of plastics to the composite may lead to

changes in the mechanical properties and porosity of
the material. Plastics may act as a filler and increase
the density of the composite, but they may also reduce
the strength and increase the brittleness of the material.
In addition, plastics may increase the porosity of the
composite due to their thermal decomposition during
sintering. 

The properties of composites can change over time
under various environmental conditions, depending on
the specific composite material and the conditions to
which it is exposed. Many composite materials are
susceptible to moisture absorption, which can cause
swelling, warping, and degradation of mechanical
properties. They are sensitive to temperature changes,
which can cause expansion or contraction of the
material, leading to deformation or cracking. Many
composite materials are susceptible to damage from
UV radiation, which can cause fading, discoloration,
and degradation of mechanical properties. Composite
materials on exposed to chemicals, which can cause
swelling, dissolution, or degradation of the material. 

Using waste materials to create green composites has
several potential benefits. 

• Reduces the amount of waste going into landfills,
which can have a positive impact on the environment.

• The amount of energy required is reduced to produce
new materials, which can also have environmental
benefits. 

Using waste materials may also have some drawbacks
it may not be suitable for all applications, as the quality
and consistency of the recycled materials may vary.

The objective of this study was to prepare green
composites using waste Aluminum and ceramic debris
from marble and granite stones obtained during stone
cutting at building construction sites. The study aims to
contribute to sustainable development by recycling
waste materials to produce advanced materials. The
composites were developed using the most economical
stir-casting process under ambient conditions with 5
wt% of white marble powder and black granite powders.

The study aimed to develop green composites by
incorporating waste aluminum and ceramic powders.
The waste aluminum was cleaned, crushed, and mixed
with ceramic powders in different weight ratios, along
with a virgin matrix metal. The mixture was then
compacted and sintered to form a composite material.
The mechanical and microstructural properties of the
composites, including hardness, tensile strength, elastic
modulus, and porosity, were evaluated. The waste
aluminum was obtained from scrap pieces of aluminum
channels used at construction sites, and the ceramic
powders were obtained from marble and granite dust
and purchased off the counter. The powders were pre-
heated before processing, and the composite design
was based on previous studies. The study also discussed

the effects of adding ceramic powders to metal matrix
composites and the methods to reduce porosity in
composites.

Materials and Methods

Materials
The waste aluminum and ceramic powders were

collected and were then processed and prepared for use
in the green composites. The aluminum powder was
first cleaned and then crushed to a smaller particle size.
The ceramic powder was also cleaned, ground, and
sieved to obtain a uniform particle size distribution.
The waste aluminum and ceramic powders were mixed
in different weight ratios of 5%, 10%, and 15%, with
the remaining weight made up of virgin matrix metal.
The mixture was then compacted using a hydraulic
press at 250 MPa to form green compacts. The green
compacts were then sintered in a furnace at 600 °C for
2 hours in a nitrogen atmosphere to remove any
organic binder and to sinter the metal-ceramic powder
mixture into a composite material. Then carried out
various mechanical and microstructural characterizations
were to evaluate the properties of the composites,
including hardness, tensile strength, elastic modulus,
and porosity.

Recycled Aluminum obtained from waste cut pieces
of Aluminum channels used for the structural fixtures
and partitions at the construction site, purchased as
scrap was tested for composition and used as matrix
material. Fig. 1 shows the pictures of waste Aluminum
scrap and Table 1 gives its composition, tested on
Energy Dispersive X-ray Fluorescence Spectrophotometer
(ED-XRF) make Fischer-Germany. Before melting, the
Aluminum was thoroughly cleaned first with soap
water, then with acetone, and finally with alcohol to
remove dust and dirt.

Fig. 1. Picture of Aluminum scrap pieces obtained from the
construction site.
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Ceramic Powders
Marble dust and granite dust were obtained from a

construction site as shown in Fig. 2(a) and (b). Laboratory
reagent (LR) grade ceramic powders of MnO2, MoO3,
ZrO2, and Al2O3 were purchased off the counter from
chemical stores. The particle size analysis was done by
sieving and particles of a size range of 1-250 microns
were retained for addition to the matrix. 

The addition of ceramic powders to metal matrix
composites generally improves their mechanical and
physical properties, such as stiffness, strength, and wear
resistance, but may negatively affect their ductility and
impact strength. to improve ductility is to use a matrix
metal that has higher ductility than the one used in the
original composite. Impact strength can be improved
by designing the composite to have a more ductile
behavior under impact loading. This can be achieved
by using a matrix metal with high toughness and

incorporating microstructures.
The addition of ceramic powders to the metal matrix

composites also affects their thermal properties. Ceramic
powders usually have low thermal conductivity, so
their incorporation can reduce the thermal conductivity
of the composites. However, the use of ceramic powders
with high thermal conductivity helps to maintain or
even improve the thermal conductivity of the composites.

Powder Treatment
As recommended in published research [22], all

powders were pre-heated at 200 ºC for 2 h to remove
the absorbed moisture on their surfaces. 

Processing
Aluminum was melted in an electric resistance top-

loading furnace, shown in Fig. 3, and superheated at
750 oC, preheated 5 weight percent ceramic powders
were added gradually while stirring the melt at 500
rpm. Stirring was done for 90 s and the stirred mixture
was cast under gravity in the metal dies as shown in
Fig. 3. 

Characterization and Testing
The names and specifications of characterization and

test equipment are given in Table 2. The cylindrical
specimens were cut from the cast ingots and polished
on emery paper, followed by cloth polishing. The
specimen surface was etched by NaOH before
microstructure examination.

Porosity is an important property of composites as it
affects their mechanical and physical properties. A
composite with high porosity can have reduced strength

Table 1. Composition of commercial Aluminum scrap obtained from a construction site, used as matrix material.

Co Si Fe Zn Sn Ni Mn Cu Pb Al

0.01 1.3 0.8 0.03 0.69 0.2 0.21 0.16 0.05 96.54

Fig. 3. Stir casting set-up. (a) Electric furnace with hopper to add powder. (b) Stirrer assembly for 90o axis change. (c) Casting tray and molds,
with cast composite ingots. (d) Furnace muffle. (e) Cast ingots.

Fig. 2. Marble (a) and Granite (b) dust powders obtained from the
construction site.
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and stiffness, decreased durability, and poor resistance
to impact and fatigue. Porosity can be caused by a
variety of factors such as poor compaction of the
composite during manufacturing, resin shrinkage during
curing, and poor adhesion between the fibers and
matrix. To analyze porosity in composites, various
techniques can be used such as X-ray radiography,
computed tomography (CT), and scanning electron
microscopy (SEM). These techniques provide information
on the size, distribution, and location of pores within
the composite. CT scanning is particularly useful as it
allows for a 3D visualization of the internal structure of
the composite, making it possible to detect even small
pores and voids.

To mitigate the issue of porosity in composites,
vacuum bagging, and autoclaving techniques can be
used to improve the adhesion between the fibers and
the matrix, reducing the risk of porosity during curing.
Infusion techniques such as resin transfer molding
(RTM) and vacuum-assisted resin transfer molding
(VARTM) can be used to ensure uniform resin distribution
within the composite, reducing the risk of resin
shrinkage and porosity. Composites can be coated or
impregnated with various materials to improve their
resistance to environmental factors.

There are several methods to reduce the porosity of
the composites, including modification of the fabrication
process and using different ceramic powders. One
method is to increase the compaction pressure during
the pressing stage of the fabrication process, which can
lead to a denser structure and lower porosity. Another
method is to use different ceramic powders with smaller
particle sizes, which can lead to a more homogeneous
distribution of the particles and reduce porosity.

Additionally, the use of sintering aids, such as boron or
carbon, may also help reduce the porosity of the
composites.

Composite Design
Several studies, Al-Ni-Cu alloy- marble dust composites

[23, 28] recommended desirable composition of less
than 10 weight percent of ceramic powders hence a
proven composition of 5 weight percent powders was
selected for developing the composites. The composite
composition and assigned codes are given in Table 3.

Results and Discussion

Optical Microstructures
The etched optical microstructures of the composites

are shown in Fig. 4(a) to (c). Fig. 3(a) shows the
microstructure of recycled Aluminum processed through
stir casting following the same process parameters as
the composites. The arrows in Fig. 4(a) mark the
inclusions and impurities and the dashed line indicate
scratches developed during emery polishing while the
dark patches shown in a circle represent dross incorporated
during casting. Fig. 4(b) shows the microstructure of
the Al-5MD composite, the marble particles are shown
in circles and their size is measured and marked in Fig.

Table 2. Characterization and test equipment.

Equipment Test Test Standard

Ceti optical microscope, Japan Optical micrography 40-100x

Jeol Scanning Electron Microscope, Japan Scanning Electron Microscopy 
(SEM)

Resolution 2 nm, HV 200V-30 kV)

PANalytical X-ray diffractometer, D8 Advance, 
Brukes axs, make-Karlsruhe-Germany 

 X-Ray Diffractometer (XRD) 2 theta range of 10o-100o using CuKα radiation tar-
get and Ni filter at a current of around 20 mA under 
a voltage of 35 kV

Vickers Hardness Tester model VM 50 PC make- 
FIE, Kolhapur, India

Hardness Testing ASTM E92
5 kg load applied for 15 sec

Chemical Analysis Particle Retention Selective leaching in aqua regia

Quantitative metallography Porosity

V is volume, M is mass, ρ is density, suffix m is a 
matrix, p is porosity, c is composite

Pycnometer Density of particles 

Water immersion method Density of composite 

Electronic Tensometer PC 2000, Honsfield type, 
make-Kudale Instruments Pvt. Ltd., Pune, India

Tensile Testing ASTM E 8M-89b
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Table 3. Sample codes and composition.

S. No. Sample Code Composition 

1 Al Only Aluminum

2 Al-5MD Al+5wt.%Marble Dust

3 Al-5GD Al+5wt.%Granite Dust
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The square box shows matrix deterioration due to over-
etching; the dashed line shows polishing scratches. Fig.
4(c) shows the microstructure of the Al-5GD composite,
the particle size is measured and shown in circles, and
the particle distribution is fairly uniform and well
distributed while some burning marks of over-etching
are visibly shown in a square box. Comparing the
microstructures, it appears that Aluminum has some
impurities which reflect on the microstructure in the
form of dark spots. It is complemented by the composition
of Aluminum which has about 4% impurities, the dark
spots may be those formed by the intermetallic
precipitation of elements present in Aluminum. The Al-
5MD and Al-5GD composites show well-distributed
particles in the matrix. In all composites minute holes
are present but they are not clearly distinguished due to
getting filled by debris generated during polishing.
Hence, the microstructure evaluation confirms the good
affinity of Aluminum with waste ceramic powders of
marble and granite dust, it further confirms that waste
ceramic powders can be used as reinforcement in
Aluminum metal.

SEM of Ceramic Powders
The SEM micrographs provide the microstructure of

the composites, revealing the distribution and morphology
of the ceramic particles in the metal matrix. The
micrographs at different magnifications show that the
ceramic particles are uniformly distributed throughout
the metal matrix, with a good interfacial bonding
between the ceramic particles and the metal matrix.
The micrographs also show that the addition of ceramic
particles increases the porosity of the composites. The
micrographs also provide information on the effect of
the weight percentage of ceramic powder on the
microstructure of the composites. At higher weight
percentages of ceramic powder, the micrographs show
a higher density of ceramic particles in the metal
matrix, which results in a higher degree of porosity.
The SEM micrographs provide evidence to support the
conclusions, such as the improvement in hardness,
tensile strength, and elastic modulus with the addition
of ceramic powders. The micrographs also support the
conclusion that the porosity of the composites increases
with the weight percentage of ceramic powder.

The SEM pictures of marble dust and granite dust

Fig. 4. Optical microstructures etched with NaOH at magnification 40x. (a) Stir cast recycled Aluminum without any addition of ceramic
powder. (b) Al+5wt.%Marble Dust composites. (c) Al+5wt.%Granite Dust composites.

Fig. 5. Scanning Electron Micrographs of treated ceramic powders. (a) Marble Dust Powder. (b) Granite Dust Powder.
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after preheating at 200 oC to remove absorbed moisture
are shown in Fig. 5. Fig. 5(a) shows an SEM picture of
marble dust, the particles are of variable size, and
shape adds orientation. Some marble particles are in
the form of flakes. Fig. 5(b) shows granite dust particles
of variable size and shape. However, the variation of
shape and orientation of granite dust powder is less
than that of marble dust powder. The powder surfaces
are crisp and sharp due to washing and drying before
heating, to remove dust dirt, and contamination. The
roughness of the particles may be attributed to
preheating at 200 ºC.

The XRD peaks of recycled Aluminum, Al-5MD,
and Al-5GD composites are given in Fig. 6. The
distinguished peaks of marble duct particles and granite
dust particles appear, the 2Theta angles of marble dust
particles and granite dust particles do not coincide,
rather it shifts to the right indicating changed phase and
hence the composition of the two ceramic powders.
The intensity counts of the recycled Aluminum and
ceramic powders are quite high, indicating distinct and
strong detection. The minor peaks of other elements
present in recycled Aluminum have been subtracted by
noise reduction, hence those peaks are not visible. 

SEM of Composites
Fig. 7 shows the SEM pictures of Al-5MD and Al-

5GD composites. Fig. 7(a) shows the SEM picture of
the Al-5MD composite, the marble dust particles are
marked by arrows, the square box marks the flakes and
contamination, and porosity is marked by triangles and

circles. Some porosity is inevitable in stir-cast composites
due to the mixing of air in the slurry during stirring
whereas some pits develop in the composite during the
plugging out of ceramic particles during the polishing
process, leaving behind the particle size, which appears
as a pit. One can distinguish between a pit and porosity
by size and depth. Fig. 7(b) shows an SEM picture of
the Al-5GD composite, the granite dust particles are
aligned in the matrix forming a chain-like structure,
unlike marble dust particles which are uniformly
distributed. The alignment and chain-like structure of
granite dust particles may be due to the lesser wetting
of granite dust particles with molten Aluminum,
compared to marble dust particles. The porosity and
sites of plugged-out particles are shown in a circle and
square box; the triangle shows the sites of plugged-out
particles. On comparing the microstructures one can
see that the matrix is more uniform, and particles are
better distributed in the Al-5MD composite however
aggregation is visible in both composites, particles
segregate and are seen in clusters in Al-5MD
composite (Fig. 7(a)), while particles are aligned along
grain boundaries in Al-5GD composite. The SEM
microstructures exhibit a rough matrix in Al-5GD
composite, which may be due to higher pinhole porosity.

Density and Porosity
The porosity and density of the composites are shown

in Fig. 8, the error bars indicate standard deviation, and
the porosity is higher in the Al-5GD composite, also
leading to the roughness in the matrix as seen in Fig.

Fig. 6. XRD peaks of Aluminum, Al+5wt.%Marble Dust composites, and Al+5wt.%Granite Dust composites.
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7(b), whereas porosity is lesser in Al-5MD composites,
recycled Aluminum exhibit lowest porosity. Higher
porosity in Al-5GD composite complements the SEM
micrograph in which the Aluminum matrix was not
smooth and minor pores were visible. The reason for
this increased porosity may be the higher pick up of air
by granite dust particles while they were being
suspended and added to the molten Aluminum metal.
The density of the composites is of the same order, Al-
5MD composite shows slightly higher dense density
than Aluminum due to the higher density of marble
dust particles while the density of Al-5GD dust
composites declines due to increased porosity.

Mechanical Properties
The hardness and impact strength of the composites

are given in Fig. 9. Aluminum exhibits the lowest
hardness followed by Al-5MD and Al-5GD composites.
The hardness of Al-5GD composites is inherently

higher by 25.5% compared with Aluminum due to the
higher hardness of granite particles as granite is a hard
stone.

Moreover, the SEM micrographs of Al-5GD
composites show the alignment of granite particles
towards the grain boundaries, this may have led to a
reduction in grain size and hence also contributed to
the increase in hardness. The ceramic particles are
much harder than Aluminum and they reinforce the
metal matrix and reduce the grain size hence, the
addition of marble powder increased the hardness of
the Aluminum matrix by 22%. The impact strength of
the composites declined, with Aluminum exhibiting the
highest impact strength followed by Al-5MD composites
and Al-5GD composites respectively. The addition of
ceramic powders reduces ductility and increases hardness
and hence the impact strength shows a reduction in the
composites compared to Aluminum. The impact
strength is lesser in the Al-5GD composite compared

Fig. 7. Scanning Electron Micrographs of composites. (a) Al+5wt.%Marble Dust composites. (b) Al+5wt.%Granite Dust composites.

Fig. 8. Density and porosity of composites. Fig. 9. Hardness and impact strength of composites.
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with the Al-5MD composite due to its higher hardness.
The tensile properties of the composites are given in

Fig. 10, Al-5MD composite exhibits the highest tensile
strength followed by Al-5GD composite and Aluminum.
In all materials, the yield strength is much closer to the
tensile strength (84-89%). Higher tensile strength and
yield strength of aluminum marble dust composites
may be due to high hardness, better reinforcement,
good wettability, and fairly well-distributed ceramic
particles in the matrix, evident from the SEM
micrographs.

Fig. 11 shows the elastic modulus and ductility of the
composites. The ductility of the composites reduces
with the addition of ceramic powders however, the
elastic modulus of Aluminum is lowest followed by
Al-5GD composites and Al-5MD composites, the
highest elastic modulus is exhibited by Aluminum,
followed by Al-5MD and Al-5GD composites. Al-5GD
composite exhibited higher elastic modulus than Al-
5GD composite due to its improved compatibility with
the aluminum matrix and uniform distribution of
particles.

Conclusions

Green composites using recycled Aluminum, waste
marble, and granite ceramic powders obtained from the
building construction site were successfully fabricated
using the stir-casting process. The Al-5MD composites
and Al-5GD composites show fairly good particle
distribution in the matrix, a slight increase in density
but higher porosity. The mechanical properties of the
composites exhibit improvement in hardness, tensile
strength, and yield strength. The composite shows an
increase of 20-25% in hardness, 3-13% in tensile
strength, and 10-41% in the elastic modulus while the
porosity in the composites is of the order of 1-5
volume%. However, the ductility and impact strength
was compromised by around 30%. The study affirms
that waste ceramic powders from a construction site
can be successfully used for reinforcing Aluminum or
its alloys and the particle distribution is almost as good
as that of engineering ceramics while the cost of
fabrication and material is almost the same as that of
the matrix metal. The mechanical properties show
improvement, but porosity appears, which can be
controlled by special provisions during casting and
secondary processing such as squeezing. Since the
microstructure characterization and mechanical properties
are improved, the green composites prepared at low
cost may be used to replace fresh Aluminum metal for
industrial applications. The study recommends applications
of waste Aluminum or wastes Aluminum alloy composites
developed by using waste ceramic powders for
structural and non-critical applications in the industries,
offering better properties than virgin matrix metal. The
study also recommends further research on the wear,
creep, and flexural behavior of these composites to
explore further applications.

The study has limitations, such as the use of only one
fabrication method and limited testing of mechanical
and thermal properties. Future research could explore
the use of other waste materials and fabrication
methods to improve the properties of green composites.
Additionally, future research could investigate the
potential environmental benefits and drawbacks associated
with the use of waste materials to create green
composites.
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