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Utilization of Stone Industry Waste
as Filler for Sustainable Development
of Aluminum Alloy Composites:
A Thermo-Mechanical and Mechanical
Characterizations

Vikash Gautam, Amar Patnaik, and I. K. Bhat

Introduction

Rapid development of industries and urbanization of place as well as rise in the
living standards of people is the root cause for the arise of a major problem of solid
wastes. Industrialization is the necessity of developing countries to boost up nation’s
economy. Simultaneously, it is the root cause for the generation of a huge quantity
of waste that led toward serious problem related to health or environmental pollu-
tion. Therefore, wastes are seemed to be a by-product of growth in industries. The
waste products increase with the increasing demand for raw materials in industries
and conventional resurfaces are diminishing day by day. Wastes occupy the land
distorting its fertility, and simultaneously increase the cost of waste disposal. The
developing countries like India need to make effort for minimization of these solid
wastes and simultaneously recycle of the waste or utilization of waste in different
areas. At the same time, the need for sustainable development program has all ampli-
fied the need to reuse the materials that were once regarded as wastes. Over recent
decades, innovative research works have been carried out to explore all possible
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methods for utilization of waste materials in wide range. Till now wastes gener-
ated through industrialization and urbanization have been used in many places as
alternative aggregates in embankment, road, pavement, and building construction.

Various solid wastes are generated by the industries such as copper slag, alumina,
fly ash, cement by pass dust (CBPD), cement klin dust, and rice husk. Copper slag is a
by-product of copper ores obtained during the matte smelting and refining of copper
[1, 2]. Sehi et al. [3] reported that copper slag is used in the manufacturing of cement
and concrete, and Satpathy et al. [4] use copper slag as filler material in glass-epoxy
composites for improvement in wear resistance properties. Similarly, red mud is the
by-product of alumina obtained frombauxite by theBayer’s process. Redmud is used
as a partial substitute of clay in ceramics products like bricks, tiles, and so on; it is also
used in soils for treatment of iron-deficient soils [5–7]. Geetha et al. [8] reported the
synthesis of red mud reinforced Al356 alloyed composites. Similarly, Mahata et al.
[9] confirmed the fabrication of aluminum titanate–mullite composite from red mud
rich in titanium. Fly ash is generated by coal combustion, and is composed of fine
particles that are driven out of the boiler with the flue gases. Fly ash has been used
as spherical filler for the production of lightweight high-strength concrete as well
as fly ash reinforced metal or polymer composites [10, 11]. Rice milling generates
a by-product know as husk. Alaneme et al. [12] reported the synthesis of rice husk
ash reinforced Al–Si alloy composites and observed the effect of reinforcement on
mechanical properties. Similarly, Narasaraju et al. [13] confirmed the synthesis of
rice husk and fly ash reinforced hybrid Al–Si alloy composites and its mechanical
properties. Again Debnath et al. [14] reported the adhesive and wear behavior of
rice-husk-filled glass/epoxy composites.

Stone sector industries produce a huge amount of slurry by cutting or polishing of
marble and granite slab. The waste marble slurry is converted into low-grade gypsum
which is used in cement and fertilizer industries. The waste granite slurry is used in
construction industries. Granite slurry or dry powder is a mixture of different oxides
(SiO2, Al2O3, etc.), and its chemical composition is presented in Table 11.1 [15].
Granite slurry is widely used in construction industries as a substitute of cement [16].
Granite powder has significant mechanical properties reported in Table 11.2 [15].
Kukshal et al. [17] evaluated the mechanical and fracture behavior of SiC-reinforced
A356 alloy composites fabricated through liquid stir casting technique. Mechanical
characterization results show that the hardness, tensile strength, and flexural strength

Table 11.1 Chemical composition of aluminum alloy 5083 [15]

Element Al Si Fe Cu Mn Mg Zn Ti Cr

wt% Balance 0.4 0.4 0.1 0.4–1 4.0–4.9 0.25 0.15 0.25

Table 11.2 Chemical composition of granite powder [15]

Element SiO2 Al2O3 K2O Na2O CaO FeO Fe2O3 MgO TiO2 MnO

wt% 72.04 14.42 4.12 3.69 1.82 1.68 1.22 0.71 0.30 0.05
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of A356 alloy are enhanced by the addition of micro SiC particulates. However, the
stress intensity factor was not of much effect with increment in crack length irre-
spective of particulate content. Similarly, in another study with alumina particles
with the same alloy composite, the experimental result shows that the increment
in alumina content in A356 alloy significantly affects the tensile strength, flexural
strength, fracture strength, and Young’s modulus [18]. Again, Gangwar et al. [19]
examined the effect of TiO2 particulate on mechanical properties of A380 alloy.
The mechanical characterization results depicted that increment of titania particu-
lates in A380 alloy enhanced the hardness and tensile strength, whereas the flexural
strength is shown in reverse trend. Okayasu et al. [20] examined the effect of silicon
nitride on mechanical properties of aluminum alloy. They reported that an increment
of silicon nitride particulates in aluminum alloys degrades the bending strength of
alloyed composites. Similar observation was also reported by Anilkumar et al. [21].
They showed the effect of fly ash content and particle size on mechanical properties
of aluminum alloy. The experimental results show that the increment in fly ash parti-
cles into aluminum alloy enhanced compression strength, flexural strength, tensile
strength, and hardness. On the other side, increment in fly ash particle size shows
decrement in compression strength, tensile strength, flexural strength, and hardness
of aluminum alloy. These composites materials were used in different fields, such as
automobile, wind turbine, and structural building construction.

The present research work is focused on the gainful utilization of stone industry
waste as filler. The chemical composition of granite powder shows that it is a mixture
of different hard abrasive particles, such as alumina, silica, and iron oxides. These
hard ceramic particles impart good strength and low thermal expansion coefficient at
high temperature. A series of granite-reinforced aluminum alloy composites is fabri-
cated through liquid stir casting technique. In composite series the aluminum alloy
5083 is mixed with different weight fractions (0, 2, 4, and 6 wt% granite particulate
powder) of granite powder. Thereafter, physical, mechanical, fracture, and thermo-
mechanical properties are determined for granite powder reinforced aluminum alloy
composites.

Materials and Methods

In the present research work, we used aluminum alloy 5083 as matrix material and
waste granite particulate powder as reinforcement. The mechanical properties and
chemical composites of granite powder are presented in Tables 11.1 and 11.2 [15].
The designed formulations are fabricated using high-temperature vacuum casting
machine (Fig. 11.1). A sequence of activities performed for fabrication are listed as
follows:

1. The graphite crucible is preheated (about 200 °C) first to prevent oxidation of
base material (i.e. aluminum alloy) and its easy melting.
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Fig. 11.1 High-temperature vacuum casting machine and cast iron mold

2. Thereafter pieces of basematerial are put inside the crucible. Further, the crucible
is heated till 650 °C. This melts the base material.

3. The reinforcing phase (i.e. granite powder) is added to the molten base alloy
slowly and a mechanical stirrer at 400 rpm is used to mix the ingredients at least
for 5 min. To ensure proper wettability between ingredients 1 wt% magnesium
power is added to the mixture. This step continues for another 10 min. Thus,
homogeneity in the mixture is ensured.

4. Now plunger is opened so that the molten metal is automatically poured into the
molds (made of rectangular stainless steel) for solidification. The mold is kept
in the room for around 20 min so as to achieve proper curing.

5. When the room temperature of casting is obtained, the specimen samples are
prepared as per the characterization or testing methods with the help of diamond
cutter.

Characterization Methods

In physical characterization the effect of reinforcement on density and void content
is evaluated. Theoretical density is calculated by Agarwal and Broutman [22]
who proposed formula for experimental density by water dispersion principle.
Void content is difference in ratio of theoretical and experimental. In mechanical
characterization flexural, hardness, impact, and fracture tests were carried out.
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Flexural strength is measured according to ASTM standard E290 using the
universal testing machine (UTM) provided by Aimil Ltd., India. ASTM E290 stan-
dard configures that the cross-head speed should be maintained 1 mm/min during
the test. The span length is taken as 40 mm during that test with sample dimension
of 60× 10× 10 mm3, respectively. Micro-hardness test is carried out using Vicker’s
hardness tester according to ASTM standard E-9.

ASTM E-23 standard was used to evaluate the impact strength using impact
tester. The test specimen size as per the standard is 64 × 12.7 × 3.2 mm3 with depth
of notch 10.2 mm. Thermo-mechanical properties were carried out using dynamic
mechanical analyzer provided by Perkin Elmer-8000. The test was conducted in
the temperature range of 30–250 °C at constant frequency (1 Hz) under three-point
bending configuration. A roller supported load point applied a static force of 1 N
uniformly on the middle of material and to inhibit friction effects. The sample size
for dynamic mechanical analysis test is 27.5 × 10 × 1.5 mm3. The span length was
kept 25 mm during the three-point bending test.

ASTM E-399 is used to evaluate stress intensity factor using universal testing
machine provided byAimil Ltd., India. Fracture test is conducted inmode-I condition
with different crack lengths. These crack lengths were prepared in the middle of
specimen using wire electrical discharge machine. After test, breaking load and
stress intensity factor is determined using Eqs. 11.1 and 11.2 for different crack
lengths samples.

K1 = P

B
√
W

γ (β) (11.1)
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)3
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(11.2)

whereas K is the stress intensity factor, P is maximum load (stress), B is thickness
of specimen,W is width of specimen and a is crack length. γ (β) = function of crack
length and specimen width.

Results and Discussion

Effect of Granite Reinforcement on Density and Void Content

The physical and mechanical properties of a particulate-reinforced metal alloyed
compositeswere dependent on theweight ratio ofmatrix and reinforcementmaterials.
These propertieswere strongly affected by proper distribution of reinforcementmate-
rial in composites and interface bonding betweenmatrix and reinforcementmaterials.
The void plays a vital role to examine the mechanical properties of a composite. The
voids act as stress concentration point which leads toward early deformation under
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Table 11.3 Theoretical/experiment density and void content with composites designation

Designations Measured density (g/cc) Theoretical density (g/cc) Voids content (%)

5083 GD-0 2.12 2.18 2.75

5083 GD-2 2.23 2.32 3.87

5083 GD-4 2.35 2.48 5.24

5083 GD-6 2.45 2.62 6.49

Fig. 11.2 Effect of granite
powder reinforcement on
void content of composites

0 1 2 3 4 5 6

3.0

4.5

6.0

7.5

9.0

V
oi

d 
C

on
te

nt
 (%

)

Granite Powder Content (Wt.%)

the loading condition. The knowledge of void content was desirable for estimation
of the quality of the composites. It was understandable that a good composite should
have fewer voids. Table 11.3 shows the theoretical and experimental density with
void content of granite powder reinforced aluminum metal alloy composites. It was
observed from Fig. 11.2 that void content was increased with the addition of granite
powder in alloy matrix material. The possible reason might be attributed to the fact
that lower density may be attributed to insufficient bonding at the interface of matrix
and ceramic particulates that left voids. The agglomeration of particulates while
solidifying may have created intra-particulate voids because of insufficient bonding
with matrix material. The possible error may be the fabrication methodology which
resulted in voids contents [23].

Effect of Granite Reinforcement on Flexural Strength

Flexural strength of granite powder filled 5083 aluminum alloy composites is shown
in Fig. 11.3. From Fig. 11.3 it was clearly observed that incorporation of granite
powder into base matrix led to decrement in flexural strength of composites and the
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Fig. 11.3 Effect of granite
powder reinforcement on
flexural strength of
composites
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decrement ratewas less. Theflexural strength of aluminumalloy 5083decreased up to
~19% after incorporation of granite particulate into base matrix. The maximum flex-
ural strength 375.13 MPa and minimum flexural strength 315.93 MPa were obtained
for 0 and 6wt% granite-reinforced aluminum alloyed composites, respectively. From
the analysis it was observed that the flexural strength decreases up to 5% by 2 wt%
granite particulate incorporation into base matrix. It further decreased up to 6% on
further addition of 2 wt% granite particulate and further decreased up to 6% on
further addition of 2 wt% granite particulate into base matrix. The possible reason
behind the degradation of flexural strength with incorporation of granite particulate
into base matrix may lead to poor strength between the matrix and filler material,
hence decreased the effectiveness of stress transfer between them [24–26].

Effect of Granite Reinforcement on Hardness

Figure 11.4 shows the hardness variation for granite powder reinforced aluminum
alloy composites. From the graph it was observed that hardness is increased with
the incorporation of granite powder into 5083 aluminum alloy. The hardness of
pure 5083 aluminum alloy was found as 68 Hv, and after addition of 2 wt% granite
powder it increased linearly ~12%. On further addition of 2 wt% granite powder it
increased ~14%. On further addition of 2 wt% granite powder increased ~15% and
the hardness was found to be 107 Hv. The reason behind the increment in hardness
after addition of granite powder into base matrix may be that the granite powder
was a mixture of different hard oxides. These hard oxides were dispersed into base
matrix homogeneously and that would impart strength to base matrix. Similar results
were reported by Park et al. [27] and Hunt et al. [28] for particulate-reinforced metal
matrix composites.
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Fig. 11.4 Effect of granite
powder reinforcement on
hardness of composites
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Effect of Granite Reinforcement on Impact Energy

Impact energy variation with reinforcement for 5083 aluminum alloy was presented
in Fig. 11.5. From the graph itwas observed that addition of granite particles improves
the absorption of impact energy for aluminum alloy composites. The amount of
energy absorption improved from 57 to 69 joules by incorporation of granite powder
into base matrix. The percentage increase in impact energy from 2 to 6 wt% granite
powder filled aluminum alloy composites were ~6, ~8, and ~4%, respectively. The
possible reason behind the enhancement in impact energymaybe the presence of hard
abrasive particles in granite particulate which impart energy to soft matrix material.

Fig. 11.5 Effect of granite
powder reinforcement on
impact strength of
composites
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These hard particles were responsible for the increment in the dislocation pile up
and there was a restriction to the plastic flow. These results were in accordance with
those obtained by Seah et al. [29], Sharma et al. [30], Kataih [31], which reported
similar findings for particulate-filled metal matrix composites.

Effect of Granite Reinforcement on Stress Intensity Factor

The values of mode I stress intensity factors (SIFs) are calculated for granite powder
filled aluminum alloy composites shown in Fig. 11.6. Figure 11.6 shows the variation
of stress intensity factor with increment in granite particulate into 5083 aluminum
alloy, as well as with increment in crack length. From the graph it is clearly observed
that the stress intensity factor magnitude enhances with increment of granite particu-
late into 5083 aluminum alloy. The minimum stress intensity magnitude is obtained
for 0 wt% granite-filled aluminum alloy composite and maximum stress intensity
magnitude is obtained for 6 wt% granite-filled alloy composite. This may attribute
to enhancement of interfacial bonding between matrix-particulates. In the literature
it was reported that the magnitude of stress intensity factor is affected by several
factors such as: the mechanical properties of the matrix and reinforcement, crack
length, and loading conditions. The adhesion strength between the matrix and the
reinforcement plays a significant role in determining the stress intensity factor at
different crack lengths [32–36]. From the graph it was clearly depicted that the stress
intensity factor magnitude is directly proportional to crack length. The crack growth
behavior is significantly affected by several factors such as matrix material and rein-
forcement material. The amount of reinforcement material, their size and shape also
affect the crack growth behavior. Hence, it was very difficult to conclude a specific
cause, specifically particulate-filled alloy composites [32–36].

Fig. 11.6 Effect of granite
powder reinforcement on
stress intensity factor
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Effect of Granite Reinforcement on Thermo-Mechanical
Properties

Thermo-mechanical analysis of composites has been carried out to know the visco-
elastic response of composites. To check the visco-elastic response the following
properties were characterized, such as storage modulus (E′), loss modulus (E′′),
and damping factor (tan δ). These properties act as a function of temperature. The
variation of E′, E′′, and tan δ are shown in Fig. 11.7a–c. Storage modulus (E′) is
known as the stiffness of visco-elastic material. Storage modulus (E′) undergoes a
consistent decaywith increasing temperature in the rangeof 29–250 °C irrespective of
the compositions. Figure 11.7a shows the variation of storagemodulus (E′) for granite
particulate-reinforced aluminum alloyed composites. Figure 11.7a reveals that the
storage modulus decays with increment in temperature, and a maximum decay in
storage modulus was observed for 6 wt% granite powder reinforced composites. On
the other hand, minimumdecay in storagemodulus is observed for granite particulate
reinforced aluminum alloyed composites. The decay in storage modulus magnitude
depends on the incorporation of granite powder particle as particle incorporated into
base matrix enhanced stiffness of composites. The increase in E′ in such cases may
be ascribed to thermally induced phase transformations, leading to hardening of the
composites. Similar observations are reported by Patnaik et al. [37] and Zang et al.
[38] for particulate-reinforced metal alloy composites.

The loss modulus for granite particulate powder reinforced aluminum alloyed
composites is shown in Fig. 11.7b. The graph reveals that with the increase in temper-
ature, loss modulus magnitude is enhanced in the order of 6 wt% granite powder >4
wt% granite powder >2 wt% granite powder >0 wt% granite powder, respectively.
Granite filler reinforcement was the main cause for proper flow of stress across the
interface.

The damping factor (tan δ) indicates the amount of energy recovered in terms of
mechanical damping or internal friction in visco-elastic system. The variation in tan
δ of the composites as a function of temperature is shown in Fig. 11.7c for granite
particulate powder reinforced aluminum alloyed composites. It is observed that the
damping factor is directly proportional to temperature. High damping factor was
obtained for granite powder reinforced composites when stiffness starts to decrease.
The decrement in stiffness leads to the debonding between particulate and matrix
material. The maximum damping factor is observed for 6 wt% granite powder and
minimum for 0 wt% granite powder, respectively, for granite powder reinforced
aluminum alloyed composites. Similar results were reported by Cox et al. [39] and
Licitra et al. [40] for damping behavior of metal matrix composites.
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Conclusion

This work shows that the stone industry waste, like granite powder, can be gainfully
used as a potential cost-effective filler material for particulate-filled metal matrix
composites. This work opens up a new avenue for value-added utilization of a solid
industrial waste like granite powder. The following conclusions were drawn on the
basis of fabrication and experimental results:

1. The granite powder filled aluminum metal matrix composites were fabricated
successfully using stir casting technique with different weight fraction of filler
material. Density and void test shows that density and void content of fabri-
cated composites are enhanced with the incorporation of granite filler into 5083
aluminum alloy.

2. The addition of granite filler into 5083 aluminum alloy leads to the degradation
of flexural strength. However, the maximum and minimum flexural strength was
observed for unfilled aluminum alloy and 6 wt% granite powder reinforcement
aluminum alloy composites.

3. Hardness and impact energy enhanced with the incorporation of granite filler into
5083 aluminum alloy. The maximum hardness and impact strength was found
for 6 wt% granite powder aluminum alloy composites.

4. The magnitude of stress intensity factor enhanced with increment of granite filler
into 5083 aluminum alloy as well as increment in crack lengths. However, 6 wt%
granite powder filled composites shows maximum magnitude of stress intensity
factor and unfilled aluminum alloy shows minimum stress intensity factor.

5. The visco-elastic properties of 5083 aluminum alloy were significantly altered
by incorporation of granite filler in base matrix.
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