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Abstract

Composite materials are now widely used in engineering application and the scope of its application is
widespread mainly for its contrapuntal properties. In this research work composites were prepared by crosslinking
the polyester resin with Methyl Ethyl Ketone Peroxide and finally reinforced with the Granite scrap powder. Granite
stone as filler was used at 20%, 30%, 40% and 50% with respect to the weight of unsaturated polyester resin with
styrene monomer at 7.5% as constant basis mentioning that 0% sample (without Granite Filler) was also prepared
to compare the results with it. Thermal analysis of the prepared composite such as Thermo Gravimetric Analysis
(TGA), Thermo-mechanical Analysis (TMA) and Thermal Conductivity of the composites were analyzed along
with the SEM analysis to find out correlation between thermal properties with composite surface topology. Thermo
gravimetric analysis is done to determine the kinetics of thermal degradation and Thermo mechanical analysis is
to determine expansion co-efficient along with Tg of polyester resin and granite blends composite. To avoid the
thermo-oxidative degradation, thermal analysis was carried out for samples in nitrogen atmosphere at heating rates
of 20°C/min. Thermal Conductivity analysis is performed to determine the ability of the composite to conduct heat

at various temperatures.

Keywords: Composite; TGA; TMA; Thermal conductivity; Co-
efficient of thermal expansions; Tg; SEM

Introduction

Granite powder is a byproduct of granite stones obtained during
the sizing of granite slabs and has no end use. It is composed mainly
of quartz and feldspar with minor amounts of mica, amphiboles and
other minerals [1]. Granite a non-biodegradable material- poses
numerous hazards if the stone waste is dumped on land or when Fine
particles get mixed with air. So such waste material needs to be utilized
meaningfully in an economic way. At the present time, development of
some polymer based composites with industrial waste materials (with
no end use) as fillers / reinforcements has gained the popularity [1-3].
But so far little development has been reported on the utilization of
waste granite powder as the filler in thermosets. Hence if such granite
powder can be used as the filler, it would be beneficial in reducing the
overall cost of the composites and it would be useful for proper disposal
of granite powder [4].

Unsaturated polyester resins usually has the special properties
like; it is easy to process and comparatively a competitive price, which
makes the resin more usable and reliable for fabrication of polymer
composite [5]. Beside this some other applied properties of this resin
such as; high corrosion resistance, good mechanical property and the
most desirable light weight properties make it usable in different area
including automotive filed, construction, and electrical application and
coating [6-8].

As Polyester resin based composites are usually heat sensitive
therefore their thermal analysis is very important to find out the
composite thermal stability, optimum temperature of usability,
expansion parameter along with other related thermodynamic
properties [9-12].

Polyester based composites are heat sensitive and mainly initiate
the degradation due to thermal changes. All types of degradation of
polyester composites is initiated by the breakdown of highly strain
portion of polystyrene cross-links forming the reactive free radicals
that promotes further decomposition of cross-linked structure [13-
15]. Polyester decomposition is arguably a two stage process, single

stage Arrhenius kinetics is sufficiently accurate to model the process
[16]. During the thermal degradation process ester group exchange
of polyester structure and the f-CH hydrogen transfer among inter-
molecules are prominently responsible at the initial stage of thermal
degradation [17,18].

Experimental
Raw material and composites preparation

Stones (Scraps) collected from local markets contain various mud
and debris. These scraps are cleaned with water and then dried under
sun. Grinding is done in a high speed mortar mill for 10 minutes for
every 50- 60 gm. of sample. Sieve analysis of grinded powder is done to
separate various particle sizes to ensure that we can use comparatively
the lower particle size powder mentioning that the lower particle size
ensures better mechanical properties. Grinded powder is dried in oven
for 24 hours at 60°C. Polymerization (Free-radical Polymerization)
is usually initiated by Methyl Ethyl Ketone Peroxide (MEKP) with
Unsaturated Polyester Resin and finally the crosslinking properties are
increased by styrene monomer which also ensures the termination of
reaction.

During stirring granite powder is added and finally the mixture is
poured into the three different shaped of open molds. The molded melt
is then kept for 24 hours for curing.
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Thermo-gravimetric analysis

The thermo-gravimetric analysis was performed on a TGA / DTA
Machine (TG/DTA 6300) which instrument is capable of performing
Thermogravimetric (TG), Differential thermal analysis (DTA) and
Differential Thermogravimetric (DTG) at the same time. To avoid any
kinds of oxidative degradation the TGA/DTA analysis were conducted
under a constant flowing atmosphere of nitrogen (Inert atmosphere)
at a purge rate of 200 ml/min. About 3.5 + 0.3 mg of sample was
taken from the prepared composite by means of a blade and the size
of the collected sample was small enough for a smooth degradation
under the provided heating condition of TGA/DTA machine (Table
1). The sample was then placed in an alumina sample pan. TGA/DTA
machine has sample balance beam and reference balance beam which
are independently supported by driving coil/pivot. A change in weight
at the beam end is transferred to the opposite end of the beam via the
driving coil/pivot and the optical position sensors detect changes in
the position of a slit and finally converted into weight signal. Alumina
(ALO,) is used as a reference material.

Thermo mechanical analysis

TMA is a reliable instrument for determination of various thermal
properties of composite materials involving the determination of
dimension change of the sample as a function of temperature, time, or
force. Such type of analyzer is mainly used for determining the thermal
expansion coeflicients, beside this it can also be used to determine glass
transition temperature. A sample heating/Cooling rate of 5°C/min was
used to determine the thermal expansion coefficient along with the Tg
values between the temperature interval of 30°C-120°C. Coefficient
of linear thermal expansion was calculated above and below the Tg
along with the entire temperature interval The coefficient of thermal
expansion (a) is determined using the equation [19].

AL
o=—
LAT
Where, L=Initial Length of sample

Thermal conductivity

Thermal conductivity- the ability to conduct heat of a solid body,
is mainly depends on the gradient of temperatures between the two
medium. When two solid mediums are maintained in a temperature
gradient state heat is usually transferred from the higher temperature

medium to low temperature medium. The value of thermal conductivity
can be calculated from the following equation:

dT
) mc(a)x
A(T1-T2)
Where, K=Coeflicient of thermal conductivity of the metallic disc,
A=Area of the sample in contact with the metallic disc, x=Thickness
of the sample, m=Mass of the metallic disc, c=The specific heat of the

metallic disc, dT/dt=Rate of cooling of the metallic disc at T1 (Slope of
Temperature vs. Time Curve).

Thermal conductivity is determined by ASTM E1530 method
where disc shaped specimens with a diameter of 50 mm and thickness
of 10 mm is reacquired to determine the thermal conductivity values
of granite filled composite. A known constant heat with the help of
an oil bath is applied from one side of the specimen until a thermal
equilibrium is attained between two discs and after achieving the steady
state condition the temperature of the top and bottom surfaces were
measured by using thermocouples installed on both surfaces of the
specimen [20].

Results and Discussion

Thermo-gravimetric analysis

The thermo-gravimetric (TG) and derivative thermo-gravimetric
(DTG) analysis for polyester resin composite is presented in Figure
3. The topmost lines represent the %TG which indicates the steps of
degradation, the middle lines represent DTA from which exothermic
or endothermic information is obtained and the bottom group of line
represents the DTG which usually gives the maximum degradation rate
along with the temperature for maximum degradation.

Asgranite powder mainly consists of various crystalline components
therefore the first stages of degradation (up to about 300°C) represent
the evaporation of the hydrated water of crystal components. TG graph
shows that all composite samples degraded by single step degradation
process. The degradation mainly occurs due to the random scission of
cross-linked structure as well as branching of polymer chain.

It is seen that the onset temperature shifts to higher temperature
with the addition of filler which is an indication of increasing thermal
stability of composite with successive addition of filler content. Again
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Figure 1: Thermo mechanical Analysis of Granite filled composite.
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Figure 3: Thermal Conductivity of Granite filled Composite.

the DTG value indicated that the rate of degradation during thermal
decomposition decreases with the increase in filler content in composite
materials. Due to this thermal stability about 65% un-decomposed
residue remains for SG-50% Sample. From the DTG data we see that
the maximum degradation rate is obtained for 0% filled composite
whereas the degradation rate falls gradually with the increasing of filler
content.

Thermo-mechanical analysis

The top most line indicates TMA line from which values of a is
calculated calculating the slope of the line. It is seen that the 0% Sample
has the highest slope and hence highest a value. The bottom group of
line represents the DTMA lines from which the maximum expansion
rate as well as the temperature for maximum expansion is obtained.

The fall of Tg in Granite-polyester composites can be attributed
to two factors: the incomplete curing reaction and the increase in the
free volume of the system. The decrease in the free volume is proposed
to be responsible for the increased Tg values because of the addition
of granite filler. In addition, the increase in Tg, may be attributed to

the nano-reinforcement effect and the segmental level restriction of
the motion by the incorporation of granite powder into the polyester
matrix leads to increase in Tg [21-23].

From the experimental results it is observed that increase the
addition of filler to composites reduces the thermal expansion
coefficient. It has been noticed that 50% Volume filled composite
exhibited less thermal expansion coefficient both below and above the
Tg and hence through the entire range of temperature interval of test.
Actually the interaction between polymer with the filler increase with
the filler content and this good filler- matrix interaction is responsible
for the lower thermal expansion coeflicient value which is also a good
indication of stability of composite in a heated environment. The
similar results (Table 2) are also obtained by many studies [24].

Thermal conductivity

The thermal conductivity values obtained from the experimental
study for the particulate filled polyester composites with varied
proportion of Granite Filler is shown in following Figures (Figure 1 and
2). From the experiment it is seen that the value thermal conductivity

J Adv Chem Eng, an open access journal
ISSN: 2090-4568

Volume 7 + Issue 1« 1000159



Citation: Paul SC, Miah MY, Gafur A, Das RC (2017) Study of Thermal Properties of Granite Powder (Scrap) Reinforced Polyester Resin Composite.

J Adv Chem Eng 7: 159. doi: 10.4172/2090-4568.1000159

Page 4 of 5
° ° o . Residue, %
Sample Tonset, C Tonaser, C ma x imun, DTG, mg/min (At 500°C)
0% Sample (No Filler) 329.5 416.6 386.9 1.148 5.2
SG-20% 350.5 414.8 388.7 0.811 49.8
SG-30% 351.0 405.6 378.9 0.647 50.0
SG-40% 355.9 410.5 383.6 0.377 56.4
SG-50% 363.3 407.8 379.6 0.345 64.9
Table 1: Summary of TG/DTA analysis.
o a, Below Tg o, After Tg a, Entire Temperature Interval DTMA
Sample Tg,°C 1°C 1/°C 1/°C pum/°C
0 % Sample 59 1.42 x 10* 1.20 x 102 7.27 x 10°% 4.33
(No filler)
SG 20% 48 4.93 x 10° 1.01 x 10* 7.27 x 10° 1.084
SG 30% 48 6.67 x 10° 6.78 x 10 6.69 x 10° 0.669
SG 40% 53 5.77 x 10 3.41 x 10° 4.56 x 10° 0.432
SG 50% 53 3.5x10% 3.6 x 10° 3.55 x 10 0.413

Table 2: Summary of TMA analysis.

Figure 4: SEM analysis of (a) 20%, (b) 40% and (c) 50% Granite filled composite.

is increased with increase of filler contents. Heat is usually transferred
by means of vibration of nearest molecules so with the increase of filler
contents this conduction becomes easy.

Again with the increase in filler contents the porosity decreases
(Figure 4) and hence the ability of the sample to conduct heat is also
rises [25]. The thermal conductivity value for 40% and 50% sample is
almost same because the compactness of both the samples is almost
similar (Figure 4). This is due to the fact that the heat usually passed
through a solid body by conduction where heat is usually passes
through vibration of the nearest molecules.

SEM analysis

With the increase in filler content the porosity of the composite
surfaces decrease and the composite become more compact giving a
densely packed structure.

Conclusion

In this research work thermal decomposition of unsaturated
polyester resin based granite composite has been investigated by
thermo-gravimetric and thermo-mechanical method along with
thermal conductivity analysis. With the increase in addition of filler
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there is a reduction in thermal expansion coefficient as it is seen from
the composites filled by (50% Volume) when compared with (20%
Volume) filled composites. From the obtained results it is observed
that composites filled by (20% Volume) exhibited low thermal
conductivities. Composites filled by (50% Volume) exhibited maximum
thermal conductivity (3 W/m.k). The results of this study indicate that
the waste granite scrap material reinforced composites possess good
thermal insulating and stability properties. Hence, the newly developed
composite material could be used for construction materials.
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