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Environmental awareness today motivates the worldwide researchers on the studies of industrial waste reinforced polymer
composites. Rapid industrialization has resulted in the generation of huge quantity of solid and liquidwastes such as sugar, paper and
pulp, fruit and food processing, distilleries, dairies, and poultries. The redundancy of industrial waste and government regulations
have prompted researchers to try for industrial waste reinforced composites. Being low cost, ease of manufacturing, and high
mechanical and other properties, an industrial waste represents a good alternative to the most common composites. In the present
study, industrial wastes collected from different industries are used as particulate reinforcement in unsaturated polyester matrix
and also in polypropylene and investigated dielectric properties. Results reveal that coupling agent treated composites produce
improved dielectric strength due to improvement in compatibility between matrix and reinforcement interface. Results also reveal
that industrial waste reinforced in polypropylene has more dielectric strength as compared to reinforcement in polyester.

1. Introduction

In the recent past, polymers have been playing an important
role in composites. Due to paucity of metals, many scientists
are looking for new and alternative metals. Composites
are attractive due to their low cost, easy fabrication, good
mechanical properties, and so forth. Among those alterna-
tives unsaturated polyester is attractive due to its dimensional
stability, low price, and light weight [1]. It belongs to the ther-
mosetting group of polymers. They offer exciting advantages
from the view point of their wide spread applications [2, 3].

Fiber reinforced composites are the most attractive com-
posites. Both synthetic and natural fibers are reinforced in
polymers and investigate mechanical, electrical and thermal
properties by different researchers [4–7]. Jute fiber reinforced
polypropylene composites prepared by injection moulding
method has been investigated and reported as posttreated
specimens yielded better mechanical results compared to raw
ones [8, 9].

Due to industrialization enormous amount of waste
develops. Producing more products results in more waste

production. It will be dumped on land side as land fill or
simply piled up damaging ecological balance. Government
regulations and ecoconsciousness force the public to look
for alternative methods to use these wastes. Tire dust being
produced during tire milling has been used as reinforce-
ment in HDPE thermoplastic and investigated the electri-
cal, mechanical, and thermal properties [10]. Fly ash is an
industrial waste being used for reinforcement in thermoplas-
tics and thermosetting by many researchers. Reports reveal
that fly ash improves mechanical, thermal, and electrical
properties [11, 12]. Effect of fly ash fraction on mechanical
properties of unsaturated polyester composites is investigated
as reported in [13]. Impact properties and addition of silane
on fly ash reinforced epoxy is also investigated and reported
improvement in energy absorptionwith the addition of silane
coupling agent [14]. Red mud was the caustic insoluble waste
residue, generated by alumina production from bauxite by
the Bayer’s process. Red mud is used as filler in metal matrix
composites and polymer composites [15–17]. Paper waste
is another industrial waste produced while manufacturing
paper. This waste is used as reinforcing agent in polymer
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composites [18, 19]. Flue dust is an industrial waste rein-
forced in unsaturated polyester and investigated coefficient
of friction and wear loss [20] Chicken feather also a waste
from poultry is reinforced in epoxy matrix composite [21].
It is found that dielectric properties are dependent on
temperature and frequency range.

The major drawback observed is the interaction and
compatibility between reinforcement and the matrix. To over
come this, different coupling agents are used. Silane is the
most commonly used coupling agent by many researchers.
Kraft and Sisal fibers are used as reinforcement in polylactic
acid and are investigated for mechanical and thermal proper-
ties [22]. He concluded that the mechanical properties were
improved where there was no significant change in thermal
properties. Properties are improved further and the micro-
scopic analysis reveals good dispersion of reinforcement
with the addition of silane. Silane addition on wood flour
reinforced polypropylene composite improved the tensile,
flexural, impact properties of the composites [23].

Particulate reinforced composites are very attractive due
to the ease of manufacturing and mouldability. Aluminium
particles are reinforced in epoxy resin and are investigated for
their dielectric properties with and without coupling agents
[24]. Dielectric properties are improved further with the
addition of coupling agent at higher loading due to proper
dispersion of particles in the resin. Flue dust is reinforced in
polyester and its dielectric properties are investigated [25].
Dielectric strength increases with the addition of silane due
to improved bonding between organic matrix and inorganic
industrial waste.

2. Experimentation

2.1. Materials Used

2.1.1. Materials (Polyester). In the present study, a commer-
cially available unsaturated polyester resin ECMALON 4413
grade procured from ECMAS Resins Pvt. Ltd, Hyderabad,
India, has been used as the matrix material for composite
preparation. Cobalt accelerator of about 2% and 2% methyl
ethyl ketone peroxide (MEKP) hardener are added. Formod-
ifying the industrial waste powder Silane (glycidoxy propyl
trimethoxysilane), the coupling agent is used. It is procured
from Sree Industrial Composite Products, Hyderabad, India.
Silica fume powder is procured from Navabharat Ferro
alloys, Paloncha, India. Sludge, slag, and flue dust have been
collected from Lanco industries, Srikahasthi, India. Granite
is collected from Visakhapatnam, India. All the materials are
cleaned thoroughly with water and dried in an oven.

2.1.2. Materials (Polypropylene). Polypropylene procured
from Reliance industries Pvt. Ltd, India, has been used as the
matrix material for composite preparation.

2.2. Sample Preparation

2.2.1. Sample Preparation (Polyester). The cavity for testing
dielectric strength is made as per ASTM D-149 standards on

Mould
cavity for
thermoset
specimen
preparation

Figure 1: Mould prepared on rubber shoe as per ASTM D-149.

Specimens

Figure 2: Specimens of different industrial waste material.

a rubber shoe as shown in Figure 1. Industrial wastes of 0–
40 𝜇m size are thoroughly mixed in proper ratio (0, 10, 20,
30, 45, and 60%) by weight with the resin and others for
preparing composite specimens. Hand layup technique has
been used for preparing specimens.Themould is coated with
uniform thin film of silicon-releasing agent for easy removal
of specimens from the mould after curing. The samples are
cured at room temperature for about 24 hrs and then they
are removed from the mould and finished to the size by
filing the edges as shown in Figure 2. For each composition
three specimens are prepared and each specimen is tested
at 4 different places on the specimen. Specimens are also
prepared by adding silane at 0.3 and 0.5% by hand layup
process. A simplified approach of simply adding silane during
the dispersion of particles is used for surface treatment.

2.2.2. Sample Preparation (Polypropylene). The composite
samples are also prepared using polypropylene as matrix
material. The matrix material pallets are mixed with indus-
trial wastes of 0 to 40 𝜇m size in proper ratio (0, 10, 20, 30, 45,
and 60%). The mixture is then placed in a 2.5 ton hydraulic
injection moulding machine, model JIM-1 supplied by Tex-
ier plastics limited, Coimbatore, India. 1100Kgf pressure is
applied at 210∘C for manufacturing specimens.
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Specimen

Figure 3: Dielectric strength machine with specimen.

2.3. Test

2.3.1. Test Equipment. The dielectric test equipment having
output voltage sample 0–60KV, capacity 100ma, and rating
15 minutes ON/OFF was supplied by rectifiers IE electronics,
New Delhi, as shown in Figure 3. It has motorized (variable
rate of rise of voltage) control. High voltage transformer
was cooled with transformer oil of 100KV capacity and the
control Panel was cooled by circulation of air.The equipment
is having a least count of 0.5 KV and is provided with
stepwise of electric strength at the electrodes. The equipment
facilitates to find die-electric strength of plastics, composite,
insulating rubber, and other solid insulating materials as per
the ASTM standard test method D149-87. The equipment
also provided with different types of electrodes used to find
the die-electric breakdown voltages and die-electric strength
of solid electrical insulating materials of commercial power
frequencies.

2.3.2. Testing. The standards specified by ASTM have been
used in present analysis. The initial voltage is selected as
20KV, since the specimen breakdown voltage under the short
time test is found to be about 40KV. The initial voltage
is increased rapidly from zero. The breakdown voltage is
held for 60 seconds at every step of 1 KV rise. The dielec-
tric breakdown voltage is performed on each specimen at
different points and the average value is considered for the
analysis. The test is carried out at 50Hz frequency and at
normal temperature and pressure. Digital micrometer with
0.001mm least count is used for measuring the thickness of
the specimen at breakdown point prior to the test. Dielectric
strength is calculated by dividing the breakdown voltage at
that particular point by the thickness of the sample at the
same point.

3. Results and Discussions

Figure 4 shows dielectric strength of sludge reinforced com-
posite. It is observed that dielectric strength decreases with
the addition of sludge up to 30% due to conductivity
of the reinforcement. Further increase of sludge increases
the dielectric strength. The coupling agent silane modified
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Figure 4:Dielectric strength of sludge reinforced polyester compos-
ites with and without silane.
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Figure 5: Dielectric strength of slag reinforced polyester composites
with and without silane.

the property of sludge reinforced composite that shows
higher dielectric strength due to more compatibility between
sludge and coupling agent. Figure 5 shows dielectric strength
of slag reinforced composite. Addition of slag reduces the
dielectric strength to 9.68Kv/mm from 11.18 Kv/mm at 10%.
There is not much variation from 10% to 30%. Further
addition of slag increases the dielectric strength. There is
not much change with the addition of 0.3% silane to slag at
lower loadings upto 30%. But with the addition of 0.5% silane
dielectric strength improves.

Figure 6 shows dielectric strength of granite reinforced
composite. The variation of dielectric strength is very low at
10% as compared to pure specimen. The dielectric strength
reduces upto 30% and then increases, but the variation is less.
It is observed that the 10% granite reinforced with 0.5% silane
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Figure 6: Dielectric strength of granite reinforced polyester com-
posites with and without silane.
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Figure 7: Dielectric strength of silica fume reinforced polyester
composites with and without silane.

coupling agent produces dielectric strengthmore than that of
pure specimen and 60% granite with 0.5% silane reinforced
produces almost same as pure one.

Dielectric strength of silica fume reinforced compos-
ite is shown in Figure 7. Dielectric strength reduces upto
45% of loading, further addition of silica fume dielec-
tric strength increases. Addition of silane shows similar
trend with improved strength. In all the cases, addition of
silane increases dielectric strength due to improved bonding
between inorganic reinforcement and organic matrix.

Figure 8 represents dielectric strength of different rein-
forcing materials without coupling agent. There is a sig-
nificant change in dielectric strength of silica fume at 10%
of loading as compared to pure resin and this change is
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Figure 8: Dielectric strength of waste reinforced polyester compos-
ites without silane.
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Figure 9: Dielectric strength of waste reinforced polyester compos-
ites with 0.3% silane.

not much with further addition of flue dust. Dielectric
strength of silica fume reduced steadily to 7.38 Kv/mm at
45% of reinforcement. Further addition of silica fume dielec-
tric strength increases. With the other materials dielectric
strength reduces upto 30% of reinforcement steadily at lower
rate and then increases. Figures 9 and 10 represent dielectric
strength of materials with 0.3% and 0.5% silane coupling
agent, respectively. With the addition of 0.5% silane, 10%
granite produces dielectric strength higher than pure resin.
Hence it can be used as packing material to reduce the cost of
packing.

Figure 11 represents dielectric strength of industrial waste
reinforced polypropylene composites. It shows that the
dielectric strength reduces with the addition of reinforcement
upto 30%. Further addition of reinforcement increases the
dielectric strength. However dielectric strength of silica fume
reduces upto 45% of reinforcement. It is observed that the
silica fume may be used as conducting material with 45%
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Table 1: Comparison of dielectric strength of industrial wastes reinforced in unsaturated polyester and polypropylene.

Unsaturated polyester without silane Polypropylene
Sludge Flue dust Slag Granite Silica fume Sludge Flue dust Slag Granite Silica fume

0% 11.18 11.18 11.18 11.18 11.18 13.07 13.07 13.07 13.07 13.07
10% 9.53 8.65 9.68 10.1 9.35 11.54 12.02 12.31 12.06 11.75
20% 9.24 8.34 9.45 9.81 8.63 10.65 11.05 11.5 11.21 10.7
30% 8.24 8.23 9.25 9.44 7.53 10.19 10.38 10.8 10.89 9.98
45% 8.71 8.41 9.35 9.78 7.38 10.59 11.28 11.61 12.03 9.88
60% 9.61 8.73 9.7 10.04 7.83 11.79 12.42 12.68 13.13 10.62
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Figure 10: Dielectric strength of waste reinforced polyester compos-
ites with 0.5% silane.
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Figure 11: Dielectric strength of waste reinforced polypropylene
composites.

of reinforcement. Granite with 60% by weight reinforced
in polypropylene produces dielectric strength higher than
pure polypropylene. Table 1 represents dielectric strength of
industrial wastes reinforced in unsaturated polyester and

polypropylene. It gives clear idea that industrial wastes rein-
forced in polypropylene produce higher dielectric strength
compared to unsaturated polyester.

4. Conclusion

Based on the experimental analysis, following conclusions
have been drawn.

(i) Industrial waste can be gainfully reinforced into the
unsaturated polyester and polypropylene.

(ii) Composites can easily be made by hand layup tech-
nique.

(iii) By incorporating industrial wastes as reinforcement
in to the polyester, it can be used in electrical parts
where plastic is used.

(iv) Dielectric strength of silica fume is 33.99% lower than
pure polyester. Hence it can be used in electrical parts
to reduce the cost of resin.

(v) Dielectric strength improves with the addition of
silane.

(vi) 10% granite reinforced in polyester with 0.5% silane
composites produces dielectric strength 12.5% higher
than without silane and 1.6% higher than pure
polyester.

(vii) Composites with polypropylene matrix have 16.9%
higher dielectric strength compared to unsaturated
polyester matrix composites.

(viii) Granite (60%) reinforced in polypropylene produces
dielectric strength 0.5% higher than pure polypropy-
lene. Hence it can be used as packing material to
reduce the cost of resin.
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