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ABSTRACT
Polymer matrix composites find a wide range of industrial applications due to its unique
properties like lightweight, improved strength and the properties could also be tailored to suit
specific applications. In this present work, a new class of polymer matrix composites with
epoxy resin as matrix and tungsten metal particles as fillers were developed. The influence of
the addition of tungsten fillers on mechanical and thermal properties of the composites has
been investigated. The composites are fabricated by hand lay-up method and the specimens
containing tungsten particle content by 1%, 3%, 5%, 7% and 9% by weight were developed.
The developed specimens were subjected to mechanical and thermal investigations.
Mechanical behavior was analyzed by conducting a flexural test and hardness as per ASTM
standards. Thermal behavior was analyzed by conducting Thermogravimetric analysis (TGA)
and Differential Scanning Calorimetry (DSC) of the developed composites. The results show
that the addition of 7 wt. % filler has a higher value of flexural strength and hardness. Further
addition of particulate fillers deteriorates the flexural strength and hardness due to
agglomeration of filler content in the epoxy. Analysis by TGA and DSC shows that the
thermal stability of composites is improved by increasing the addition of tungsten content in

the epox.
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INTRODUCTION

In recent years, technological advancement leading industries to adopt new advanced
materials based on their functional performance. Reinforcement of particles in polymer matrix
composites (PMC) may exhibit specific properties like thermal conductivity, dielectric
constants and ductility, scratch resistance, wear and strength properties, impact performance
and compressive strength. (Xu et al., 2001).

Epoxy is a thermoset polymer that can withstand higher-order loading conditions due to the
formation of the cross-linked structure after it is cured. Among the thermoset materials, epoxy
is the most popular choice as it is suitable to adhere strongly with a wide range of
reinforcements. Reinforcements such as graphite, fibers, and metal powders can improve the
tribological properties of epoxy composites up to great extent (Ji et al., 2014).

Several authors developed numerous composites based on epoxy resin. Jalali et al.,
investigated the electromagnetic shielding property of metallic nanoparticles reinforced epoxy
composites by incorporating cobalt, iron, nickel and iron oxide and found that iron particles of
50 nm could able to produce the optimum level of reflectivity and absorptivity (Jalali et
al.,2011). Visconti et al., developed an epoxy-based composite by reinforcing powders of
silica and tungsten carbide in hand layup technique and reported that the incorporation of
silica and tungsten carbide in epoxy could be able to improve wear characteristics of
composites (Visconti et al., 2001). Srivastava et al., evaluated the mechanical properties of
epoxy composite while reinforcing Copper and Aluminum in epoxy using hand layup method
and revealed that the compressive strength and coefficient of friction values increased with
addition of aluminum and Copper fillers (Srivastava et al., 2015). Martin et al., examined
the mechanical properties of epoxy reinforced Nickel and Aluminium reinforced composite
for application in structural energetic materials and reported improved strength on addition of

nano aluminium particles
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(Martin et al., 2007). Ji et al., examined tribological behavior of foamed copper reinforced
epoxy—matrix polymer and reported that the friction coefficients increased when foamed
copper content is increased (Ji etal., 2014).

Zunjarrao et al., evaluated the fracture properties of epoxy reinforced aluminum particle
composites and reported that particles of nanometer size showed higher fracture toughness
values than micro meter-sized particle reinforced composite (Zunjarrao et al., 2006). Rosso et
al., reported the influence of silica on Epoxy which is mixed by sol-gel process and found that
silica-nanoparticles improved the toughness and stiffness of epoxy resin (Rosso et al., 2006).

The incorporation of particular fillers enhances the thermal and mechanical properties of the
polymer composites. Also, only very few metal fillers are used to develop polymer
composites. Application of numerous metal fillers on the mechanical and thermal behavior of
epoxy resin composites needed to be investigated. Among the research in metallic particulate
composites, work published with tungsten fillers was found to be inadequate.

In this study, tungsten metal fillers are reinforced into epoxy resin matrix and composites are
developed. The effect of tungsten particles on the thermal and mechanical properties of the
epoxy composite has been investigated.

MATERIALS AND METHODS

The composites were fabricated using HW 153 Epoxy resin along with its hardener HV953
supplied by Sigma Aldrich, Bangalore. Epoxy resin and hardener were mixed with a
predetermined ratio of 1:10. The particle filler used is tungsten metal particles of an average
size of 6-micrometer was purchased from Sigma Aldrich, Bangalore. The composites were
fabricated by hand lay-up methods. Samples containing tungsten particles by 1%, 3%, 5%,
7% and 9% by weight were fabricated. The specimens were cut from the sheets as per the

ASTM standards. The sample coding is shown in Tablel.
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Table 1 Sample coding

Sample Code Description
ERP W00 Pure Epoxy resin
ERP W01 Epoxy resin composite with 1wt. % of W
ERP W03 Epoxy resin composite with 3wt. % of W
ERP W05 Epoxy resin composite with 5wt. % of W
ERP W07 Epoxy resin composite with 7wt. % of W
ERP W09 Epoxy resin composite with 9wt. % of W

TESTING AND CHARACTERIZATION

The mechanical behavior of the composites is studied by conducting the flexural test and
hardness. The thermal behavior of the specimen is tested by conducting TGA and DSC
analysis.

Flexural Test

The flexural test was performed on Tinius Olsen H50klI UTM which has a maximum load
capacity of 50kN. A three-point bending test was performed to study the flexural property of
composite. The crosshead speed was maintained at 5mm/min and samples were cut as per
ASTM D790 standards. Five specimens have been examined and their average values have
been recorded.

Hardness Test

Shore Durometer hardness is performed to obtain the hardness of samples. Durometer tests the
depth of the indentation in the material caused by a given geometric presser foot's specified
force. The depth of indentation is noted for 5 trails and their average value is noted. All
experiments are performed as per the ASTM D2240 standards.

Thermo-Gravimetric Analysis

TGA of the specimen was tested using NETZSCH model STA 449F3 TG analyzer. The test
was performed as per ASTM E1131 standards. The specimen of 10g weight is loaded in the
aluminum crucible and heated at 10°C/min.

Differential Scanning Calorimetry
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DSC analysis was performed in NETZSCH model STA 449F3DSC instrument. Samples of 10g
were heated at 10°C/min ranging from 30°C to 220°C in aluminum crucible.
RESULTS AND DISCUSSIONS

Flexural Test
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Figure 1 Flexural strength Vs Concentration of Tungsten
Figure 1 depicts the flexural strength of developed composites as a function of varying weight
percentages of tungsten particles. The flexural strength of the composites increases gradually
upto the addition of 7wt. % of tungsten. With further increases in the concentration of tungsten
above 7wt. % decreases the flexural strength. An increase in flexural properties is attributed to
the uniform distribution of tungsten particles in the epoxy resin matrix. To study the dispersion
of tungsten particles, samples were subjected to the Scanning electron microscope (SEM)
analysis. SEM reveals the uniform distribution of tungsten fillers in samples with 7wt. % of
tungsten particles as shown in Figure 2a. Uniform distribution improves the adhesion of filler
and matrix material which ultimately increases the flexural properties of the developed
composites. The decrease in flexural strength is due to the agglomeration of tungsten fillers in
the specimen with 9wt. % of tungsten particles as shown in Figure 2b. These agglomerated
particles act as stress raisers which will ultimately decrease the flexural strength of the

composites.
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(b)
Figure 2 SEM micrograph of a) ERP W07 composites b) EPR W09 composites

Hardness Test
Figure 3 illustrates the hardness of composite samples with an increase in tungsten content.
The hardness of the samples were improved till the addition of tungsten particles up to 7wt. %
and increasing the tungsten beyond 7wt. %, the hardness was found to be decreased. The

hardness of the sample depends on its ability to resist the change in shape permanently when

the load is
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Figure 3. Shore D

Hardness of the Epoxy/tungsten composites

applied to it. The increase in Hardness is due to the improved interfacial adhesion between the
matrix and tungsten reinforcement which is due to the uniform distribution of tungsten

particles.Beyond 7 wt. % of tungsten, the hardness of the material is decreased. This can be
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attributed to two reasons. The addition of tungsten beyond 7 wt. % made the composite more
brittle. This brittle nature of composite could lead to stress risers developing an affinity towards
crack growth. Also, agglomeration of particles at higher concentrations could enhance the void
formation and decrease the interfacial adhesion.
Thermogravimetric Analysis

The TGA thermogram is depicted in Figure 4. Decomposition temperatures (T4) of composites,
at 5% mass degradation (Tse%), and 50% mass degradation were noted (Tso%). Tsy for ERP
W00 occurs at 277°C and for ERP W09, Tsy occurs at 323°C. The degradation temperature of

composites shows an improvement of 46°C with the addition of 9wt. % of tungsten partiulates,
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Figure 4 TGA Thermogram of Epoxy/tungsten composites

ERPWO0O has a degradation temperature of 405°C and for ERP WO09 the degradation
temperature has been improved to 410°C., which is also a significant improvement. Also, the
char residue remaining at the end of decomposition improved from 7.58% for ERP W00 to
9.89% for ERP W09 samples. The char residue improves with the increase in addition of
tungsten. The improvement in decomposition temperature and char residue signifies the
enhancement of

thermal stability of manufactured composites with the addition of tungsten particulate content.

Differential Scanning Calorimetry

DSC thermograms of the manufactured composites are displayed in Figure 5. From the

thermograms, it can be noted that initially, the composite had undergone an endothermic
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Figure 5 DSC thermogram of Epoxy/tungsten composites
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and the graph moved in a downward direction. The moisture content present in the composite
leads to an endothermic dip where the composite receives heat from the source. The
endothermic peak appeared at the first is attributed to the softening point of epoxy resin. The
curve further goes into another dip which is the glass transition (Ty) temperature of the
developed composite. At this point, changes in chain mobility occur which will reflect in the
mechanical properties of the material. The material will undergo a transition from elastic
behavior to a brittle state. The transition does not occur at a certain specific point rather than at
a range of temperatures. The temperature obtained from the middle point of the slope is taken
as Ty of material. The mobility of polymer chains increases above the glass transition
temperature. When the temperature goes above T4 chains have enough energy to form specific
ordered arrangements and undergo an exothermic reaction. At this process, heat is liberated to
the surroundings from the material and can be said as the crystallization process. This can be
identified as the highest peak in the DSC thermogram. The temperature obtained from the
corresponding peak is called crystallization temperature (T¢). As it is an exothermic process,
less amount of heat is required to maintain the temperature of the sample and reference pan. So,
the heat flow towards the sample shows a decreasing profile in the thermogram. After the
crystallization process, the material will start to absorb the heat and undergoes the melting
process. The average kinetic energy of chains does not increase during this stage and the
energy absorbed during this period is used to melt crystalline regions in the material. The
melting point is the lowest dip in the DSC thermogram and the temperature corresponding to
the dip represents the melting point (Tm) of material. The heat supplied at this process is the
latent heat of melting. Beyond the melting process, the material undergoes thermal degradation
and is represented as degradation temperature (Tq4). All the polymeric materials will undergo
the transitions, glass transition, crystallization and melting. Pure amorphous polymeric

materials only undergo glass transition and on the other hand, crystalline polymers undergo
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both amorphous and crystalline domains. The glass transition temperature of ERPWO0O
improved from 125°C to 174°C with the inclusion of 9wt. % of tungsten particles. The
crystallization temperature of the composites is also seen to increase from 334°C to 377°C with
the addition of 9wt. % of tungsten particulates. Incorporation of 9 wt. % of tungsten increased
the melting temperature of the composites from 403°C to 449°C, which is an indication of the
significant improvement in the thermal property. The thermal behavior of the composites is
thus enhanced by which the inclusion of tungsten fillersin the epoxy resin matrix.
CONCLUSION
Tungsten particles are successfully reinforced into the matrix of epoxy resin and composites
are fabricated. The inclusion of tungsten particles could enhance the mechanical behavior of
composites. Flexural test reveals that the maximum flexural strength obtained for composite
with 7 wt. % of tungsten with an improvement of 124%. Shore D hardness shows that the
maximum hardness obtained for composite with 7 wt. % of tungsten with 85% improvement
and beyond this concentration, it is decreased. Thermogravimetric analysis reveals that the
thermal stability of the prepared composites increased with the increase in concentration of
tungsten particles. Thermal transition systems of epoxy/tungsten composites were analysed in
the study. Crystallisation temperature (T.), melting temperature (Tm) and glass transition
temperature (Ty) were determined from DSC analysis. Results showed that the thermal
properties of the composites have been enhanced with the increase in tungsten particle
concentration. The prepared composite can be used for high-temperature applications.
FUTURE SCOPE

This work can be extended to the possibilities of this particular material for tribological
applications. Friction and wear characteristics of the material can be determined by evaluating
the tribological properties. The concentration of reinforcement and matrix utilized in this

composite can be changed for further studies in hybrid materials.
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