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Abstract

Received:

In this present study, the natural occurring switchgrass (SG) is used as a reinforcement
in the epoxy resin. The obtained SG is cut into small sizes with dimension ranging between
2 and 5 cm and without any chemical treatment is directly reinforced in epoxy resin at
different weight fractions, to prepare lightweight composites. The SG-epoxy composites
show 50% and 28.5% increase in tensile modulus and strength respectively. These
modified properties of SG-epoxy composites have the potential for further use as a
structural composite.
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Introduction
In the present era, lightweight composites are in great demand
in various applications such as automobile, aerospace, as well as in
recreational industries to enhance the efficiency and performance.
Conventional carbon-based fillers including carbon nanotube
[1,2], graphene [3], POSS [4-6] shows modification in epoxy-based
composites, however, these fillers are expensive and hazardous to
the environment. Recently, researchers are modifying composites
using naturally occurring biodegradable materials such as jute or
flax [7-12]. However, the cost of these materials is high thereby
limiting the supply of these materials. In contrast, switchgrass
(SG) is a self-seeding crop that can grow on small lands and also it
requires low-input in terms of water and fertilizer to grow [13,14].
The advantage of using SG include less production costs and
development of environmentally friendly products. There are only
few studies where composites are reinforced with SG or where SG
was used as a filler to enhance the properties of polypropylene [15].
The objective of this study is to employ untreated SG as a
reinforcement in epoxy composites and to study its influence on
the mechanical properties.
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Experimental
Materials
SG was obtained from a research field at the University of Tulsa
Campus. SG stems were manually separated from the mature crops.
The stem was cut in the size between 2-5 cm. The tensile properties
of regular SG is given below:
Tensile strength: 105 ± 21.2 MPa
Tensile modulus: 17.2 ± 2.6 GPa

EPON 828, a diglycidyl ether bisphenol A based resin, and
EPIKURE 3115, a polyamide based, curing agent was procured from
Hexion (Houston, TX, USA).

Fabrication

Mixing of epoxy resin and SG were carried out in a magnetic
stirrer at 50°C at 200 rpm for 12 hr. The mixture was then cooled
to room temperature and stoichiometric amount of amine-based
curing agent (by 120% wt. of epoxy) was added followed by
mixing for an additional 10 min. The mixture was then placed in
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a vacuum chamber for 15 minutes to remove gas bubbles hat may
be introduced during mixing. Thereafter, the mixture was poured
into an aluminum mold for casting, and cured at 100 C for 1 hr. The
wt.% of SG in the epoxy resin varied from 0 to 25 wt.%. The same
procedure was used for preparing neat epoxy for comparison.
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wt. % deteriorates the material and hence reduction in the modulus
value was observed.

Characterization

The elastic modulus of the SG–epoxy nanocomposites was
determined as per ASTM D–638 [16]. Samples were machined
from cast plate with nominal dimension for Type 1 as per ASTM
standard. Extensometer was placed within the gauge length to
record the accurate strain measurement. Specimens were loaded
in a displacement-controlled mode until failure, where the point of
failure was identified from the peak load, P. The elastic modulus
was determined from the stress-strain curve.

Results and Discussion

As shown in (Figure 1) we can clearly observe that inclusion
of switchgrass increases the tensile strength. This increase in the
strength is due to the higher elastic strength of SG compared to neat
epoxy. The maximum value of strength was observed at 10 wt.%
SG inclusion with an increase of 28.5% compared to epoxy resin.
However, with increase in the value of SG in the epoxy resin the
density of void increases due to lack of affinity between epoxy resin
and SG. This increase in the void deteriorates the composites hence
reduces the tensile strength.

Figure 2: Changes in elastic strength as a function of wt.
% of SG.

Conclusion
In this study we have used natural occurring fiber, switchgrass,
as the reinforcement in epoxy composites. We have cut the grass
into small size of 2-5 mm using precision cutter. The reinforcement
of SG shows increase in the value of tensile strength and modulus
by 28.5% and 50%, respectively, compared to the neat resin
at 10 wt.% inclusion. This increase in the tensile value is due to
the higher tensile strength and modulus of the SG. Results shows
that these naturally occurring inexpensive fiber can be used in
composite to modify the properties for applications in various
fields. Further investigation on chemical treatment of these SG is
required to enhance its affinity with the epoxy resin and for further
improvement in the properties.
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