
Experimentation
with Thermo-mechanically Stable Epoxy
Composite Reinforced with Palm Fiber

Jnanaranjan Kar, Arun Kumar Rout, Priyadarshi Tapas Ranjan Swain,
and Alekha Kumar Sutar

Abstract The aim of this current investigation is to evaluate the influence of bio-
filler on developing thermo-mechanically stable composites. A new class of low-cost
palm fiber-reinforced epoxy composite was fabricated using 0, 5, 10, and 15 wt%
rice husk (RH) powder as bio-filler. The influence of filler addition on thermal,
dynamicmechanical is investigated. By using thermogravimetric analysis (TGA) and
dynamic mechanical analysis (DMA) technique for analysing the thermal stability
of the untreated and chemically treated composite materials and find out more stable
material. The thermal degradation of palm fiber occurred in the following tempera-
ture ranges: hemicelluloses (150–350 °C), cellulose (275–500 °C), and lignin (250–
500 °C). Moreover, no significant difference is observed in the thermal degradation
of RH filled and unfilled samples beyond 550 °C. However, the storage modulus and
loss modulus of the composite are increased with filler addition. A low tan δ value is
observed for the unfilled samples. The corrosion property of the composite increased
with filler addition.
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1 Introduction

Natural fibers are being increasingly considered as an environmentally friendlymate-
rial in polymer matrices due to their renewable nature. Unlike synthetic fiber, they
offer problem-free disposal, and they are non-toxic and non-hazardous to the environ-
ment. Moreover, natural fiber has low cost, low density, good specific modulus, easy
processing, and high aspect ratio for efficient stress transfer over synthetic fiber [1, 2].
They are widely used in the textile, automobile, construction, and composite manu-
facturing industries. However, the application of natural fiber has been restricted due
to its hydrophilic nature and lower thermal resistance properties. The above limita-
tions can be resolved by employing several chemical treatments of the fiber before any
specific use. Chemically treated plant fiber-reinforced composites show improved
mechanical and thermal resistance properties compared with the raw fiber [3, 4].
Alkali, silane and different coupling reagents are implemented as a pretreatment in
many plant-based fibers.

Better fiber-matrix bond strength along with improved mechanical and thermal
properties of the jute/poly (lactic acid) was observed after silane and alkali treatment
of jute fiber [5]. Similarly, improved mechanical, thermal, and water absorption
properties of coconut and mallow–eucalyptus fiber composites were found after the
chemical treatment of fiber surface [6]. Hybridization of natural fiber composites
with synthetic fiber or filler yields a positive response towards improvement in the
mechanical and thermal resistance of the developed composites [7]. Sisal/glass [8]
and bamboo/glass [9] hybrid composites show enhanced thermal and mechanical
properties than their individual use as reinforcement.

The dynamic mechanical analysis (DMA) is an essential and effective tool
used to optimize the viscoelastic behavior of polymer composites for various engi-
neering applications. In a study of dynamic mechanical and thermal properties of
jute/vinyl ester composites, the composite thermal resistance and storage modulus
was improved after alkali treatment of the fiber [10]. The flexural, impact, storage
modulus, and loss modulus of the treated jute/epoxy are increased compared with the
raw fiber [11]. It can be improved by incorporating various synthetic/natural fibers
or fillers (micro/nano) to the polymer matrix. Glass fiber addition to the sugar palm
fiber and bamboo fiber-reinforced composites improves the DMA [12]. The storage
modulus and thermal resistance of oil palm-epoxy composites were improved with
the addition of jute fiber into it [13]. The viscoelastic properties of short glass fiber-
reinforced polypropylene composites are enhanced when calcite is added [14]. Simi-
larly, various fillers like granite powder [15], alumina [16], fly ash cenosphere [17],
nano-ZnO and TiO2 [18], and cork [19] show a positive response on the thermal
behavior of composites.

In the literature, there are reports on the dynamic mechanical analysis and
thermal behavior of various plant-based fiber-reinforced composites, but there is no
such report available on DMA and thermal analysis of palm-fiber-reinforced epoxy
composites, though it is abundantly available. Thus, the objective of this study is to
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fabricate palm-epoxy composites filled with rice husk (RH) filler in various percent-
ages and to characterize their thermo-mechanical properties for various engineering
applications.

2 Experimental Details

2.1 Materials and Methods

Epoxy resin LY556 (diglycidyl ether of bisphenol A) and hardener HY-951 were
used as the matrix components, and they were purchased from Mohapatra Scientific
Supplier, Bhubaneswar, India. The raw leaf was used as the fiber and was collected
locally from Baramba village near Bhubaneswar, India. The palm leaf stem stalk
fillerswere collected locally. Fiber treatedwith 5%alkali for 6 h showsbettermechan-
ical property and has higher cellulose content [20]. Therefore, the fibers treated with
5% NaOH for 6 h were selected as a reinforcement material for composites. The
treated fibers were cut into suitable dimensions (200 × 5 × 0.4 mm) and made into
a fiber mat.

2.2 Composite Fabrication

Palm-epoxy hybrid composites were fabricated by incorporating 0–15 wt% of
RH filler. The hand-lay-up technique was implemented for the fabrication of the
composite. The detailed designation and composition of the composite are shown
in Table 1. Initially, RH and epoxy resin were stirred well for 10 min for homo-
geneity. The mixture was blended with a hardener in a ratio of (10:1) by weight. The
casting of each hybrid composite was cured under a load of 30 kgf for 1 day at room
temperature.

Table 1 Designation of
composite samples

Designation Composition

Epoxy (wt%) Palm fiber
(wt%)

Filler content
(wt%)

EPP-0 70 30 0

EPP-5 65 30 5

EPP-10 60 30 10

EPP-15 55 30 15
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2.3 Dynamic Mechanical Analysis (DMA)

The DMA of palm-epoxy composite with and without filler content was performed
in a three-point bending mode on Tritec 2000 DMA device (Triton Technology Ltd.,
Nottinghamshire, UK) per the ASTMD256-08 (2008) standard. The test was carried
out at the atmospheric condition in a temperature range of 25–150 ºC with a heating
rate of 10 °C per minute and a fixed frequency of 1 Hz. The storage modulus (E/),
loss modulus (E//), and tan δ of the specimens were observed during the run.

2.4 Thermogravimetric Analysis (TGA)

The thermal behavior of palm stalk fiber and the RH reinforced palm-epoxy compos-
ites were studied by TGA following ASTM E1131-08 (2008) standard. The test
was performed using STA7200 supplied byHigh-tech-Science Corporation (Hitachi,
High-Tech Science Corp., Japan). TGA was conducted in a nitrogen atmosphere in
the temperature range of 30–550 °C and a heating rate of 10 °C per minute.

2.5 Corrosion Testing

Composite specimens were prepared according to ASTM B117-03 (2003) with
dimensions of 12 × 10 × 3 mm. Initially, the edges of the composite specimens
were sealed with epoxy matrix, and their initial weight was measured in dry condi-
tions. The test is then conducted by putting the samples in 10 wt% NaCl solution for
24, 48, and 72 h at a temperature of 45 °C. Each specimen was rinsed with distilled
water, dried in an oven for 15 h, and final weights were taken.

3 Results and Discussion

Natural fibers are nowadays considered as an environmentally friendly material in
developing thermo-mechanically stablematerials due to their renewable nature. They
are non-toxic and non-hazardous to the environment. Moreover, natural fiber has low
cost, low density, good specific modulus, easy processing, and high aspect ratio for
efficient stress transfer over synthetic fiber. However, the application of natural fiber
has been restricted due to its hydrophilic nature and lower thermal resistance prop-
erties. These limitations can be resolved by employing several chemical treatments
of the fiber. Chemically treated plant fiber-reinforced composites show improved
mechanical and thermal resistance properties.
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Fig. 1 TGA curve of treated and raw palm stalk fiber

3.1 Thermal Analysis

3.1.1 Thermogravimetric Analysis (TGA) of Fiber

The thermal resistance of raw and 5% NaOH palm fiber treated for 6 h is shown
in Fig. 1. Thermal decomposition occurs in three steps. The initial weight loss was
observed between 100 and 150 °C indicating the presence of moisture content. A
thermal peak at 250–300 °C indicates the degradation of hemicelluloses, and at
340–360 °C, the thermal degradation of cellulose occurs. The thermal degradation
occurred slightly earlier in raw fiber than the treated one, which confirms that the
thermal resistance of treated fiber improved with alkali treatment. This behavior of
the fiber is attributed to the presence of higher cellulose content in treated fiber [21].
Similar results were found for agave and borassus fruit fiber [21, 22].

3.1.2 Dynamic Mechanical Analysis (DMA)

The DMA is generally used to measure the damping capacity of composite material.
Whenadynamic load is applied to a composite specimen, it absorbs and releases some
energy. The energy-absorbing capacity refers to the stiffness and energy dissipation
capability refers to the damping capacity of the composite material. DMA measures
the stiffness and damping factor by storage modulus (E/), loss modulus (E//), and
tan δ.
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Fig. 2 Storage modulus of raw and RH filled palm-epoxy composite

3.1.3 Storage Modulus (E/)

The variation in storage modulus of palm-epoxy composite with filler addition is
shown in Fig. 2. The storage modulus value gradually increased with filler addition.
The unfilled palm-epoxy had a storage modulus of 1694 MPa in the glassy region,
and this value increased to 2045 MPa, 2690 MPa, and 2962 MPa, respectively, for
5, 10, and 15 wt%. This result indicated that the stiffness of the composite gradually
increased to a maximum for the 15 wt% filled composites. Filler addition reduces
the molecular mobility and deformation of the matrix resin. Similar results were
reported by Patnaik and Nayak [16] for alumina filled jute-epoxy composite and
Adak et al. [23] for grapheme oxide filled carbon-epoxy composites. The storage
modulus value gradually decreased in the glassy transition region (60–90 °C) with
an increase in temperature. This result indicated that the molecular mobility of
composite specimens increased. The molecular mobility of the RH filled composites
was less than the un-filled one. In the rubbery region (100–140 °C), the value of
E/was the maximum for 15 wt% filled composites followed by other composites
that have a very close value of E/. The improved storage modulus confirmed the
superior thermo-mechanical stability of the developed composites. Similar results
are reported for kenaf-epoxy composites filled with magnesium hydroxide [24].

3.1.4 Loss Modulus (E//)

Lossmodulus represents the viscous response of thematerial. The variation of the loss
modulus of the palm-epoxy composite with and without filler content as a function
of temperature is shown in Fig. 3. It is the measure of released heat energy per cycle
in a cyclic loading condition for a viscoelastic material. The value of E// initially
increased, attained a maximum value, and then decreased in the glass-transition
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Fig. 3 Loss modulus of palm-epoxy composites with different RH powder

temperature range for all samples. At higher temperature, overlapping of curves
indicates that inclusionofRHfiller hadno significant effect on the viscose dissipation.
The inclusion of RH improved the lossmodulus of EPP-0 composite from 49.56MPa
to 85.61MPa, 90.7MPa, and96.26MPa for 5wt%, 10wt%, and15wt%, respectively.
This behavior was attributed to the restriction of polymer chain mobility due to the
presence of RH filler. Moreover, RH addition increased the viscose dissipation of
palm-epoxy composites. The present results are consistent with previous research
on alumina filled jute-epoxy composite [16] and graphene oxide filled carbon-epoxy
composite [23].

3.1.5 Tan Delta

Tan δ is expressed as a dimensionless number and represents themechanical damping
factor. It depends on fiber-matrix adhesion. Hence, a weak fiber-matrix adhesion will
have higher values of tan δ [25]. Low tan δ also indicates that the composite has good
load-bearing capacity [13]. The tan δ values of EPP-0, EPP-5, EPP-10, and EPP-15
composites are shown in Fig. 4. The tan δ was least in the unfilled palm-epoxy
composite, and maximum for the 15 wt% RH filler reinforced composite. The peak
value of tan δ occurred in the glass transition region.Asfiber-matrix interface bonding
increases, the mobility of molecular chains decreases, and hence, there is reduction
in damping factor. Similar results were reported for jute-epoxy composite filled with
granite stone powder [15].
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Fig. 4 Tan δ value of palm fiber-reinforced epoxy composites filled with RH filler

3.1.6 Cole–Cole Plot

It is an important tool to observe the relationship between stored and loss modulus
for a viscoelastic material [21]. Further, it is generally used to study the change in
composite structure at the molecular level after adding micro/nano-sized reinforce-
ments. Cole–Cole Plot is drawn with loss modulus versus storage modulus as shown
in Fig. 5. It shows the influence of incorporating RH filler on the Cole–Cole Plot of
palm-epoxy composites. The homogeneous or heterogeneous nature of the composite
sample could be identified from the shape of the plot [26]. A perfect semicircular arc

Fig. 5 Cole–Cole Plot for RH filled and unfilled palm-epoxy composites
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in the plot shows the homogeneous nature of the system, but an irregular/imperfect
semicircular curve represents the heterogeneity of the system. Figure 5 shows that
inclusion of RH filler has increased the irregularity of the composite. The unfilled
sample (EPP-0) has a less irregular shape compared with other samples as expected.
This behavior is attributed to the strong adhesion between the fiber and matrix. A
similar trend was found for granite filled jute-epoxy composite [15].

3.1.7 Thermogravimetric Analysis of RH Filled Composites

Thermogravimetric analysis was conducted for palm-epoxy composites filled with
RH filler. Figure 6 depicts the effect of RH addition on the thermal stability of
palm-epoxy composites. The initial degradation of all the samples occurs at 100–
150 °C due to the vaporization of moisture content through dehydration of secondary
alcoholic groups. This dehydration forms unsaturated structure that leads to weak C-
O and C–N bonds [26]. The second stage of degradation was observed above 300 °C
due to the decomposition of epoxy and amine hardener. The thermal degradation
of palm fiber occurred in the following temperature ranges: hemicelluloses (150–
350 °C), cellulose (275–500 °C), and lignin (250–500 °C). Moreover, no significant
difference was observed in the thermal degradation of RH filled and unfilled samples
beyond 550 °C. The weight loss of filled samples occurred slightly earlier than
unfilled ones in the temperature range of 300–400 °C. This behavior was attributed
to the breaking of C–O and C–N bonds, which has accelerated the volatilization.
Similar observations have been made for jute and kenaf-epoxy composites filled
with granite and magnesium powder, respectively [15, 24].

Fig. 6 Thermogravimetric analysis of RH filled and unfilled palm-epoxy composites
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Fig. 7 Corrosive properties of unfilled and RH filled composites

3.1.8 Corrosive Properties

The corrosive tendencies of RH filled palm-epoxy composites are shown in Fig. 7.
The weight gain of samples was small even after long hours of sodium chloride
(NaCl) treatment. Furthermore, weight gain increased with increasing filler content
in the composite samples. Strong interfacial adhesion between the fiber andmatrix in
the unfilled samples reduced the penetration of NaCl. However, filler reinforcement
in the composite increased the void content, which led to the diffusion of NaCl into
thematrix. Hence, the weight gain was observed for filled samples. The present result
is consistent with previous reports for jute-epoxy hybrid composites [27].

4 Conclusions

Anew class of low-cost thermally sable epoxy composites reinforced with palm fiber
and filled with 0, 5, 10, and 15 wt% of RH filler was successfully fabricated by a
simple hand-lay-up technique. Alkali treatment improved the thermal resistance of
raw fiber. The storage modulus of the composite increased with filler addition. A
maximum value of 2962 MPa was observed for the 15 wt% RH filled composite.
RH filler addition enhanced the loss modulus of unfilled samples from 49.56 to
96.26 MPa for the EPP-15 composite. A low tan δ value was observed for the EPP-0
(unfilled) composite, which indicates strong interfacial adhesion between the fiber
and matrix. Filler addition increased the heterogeneity of the composite as observed
from the Cole–Cole Plot. The thermogravimetric study of the composite indicated
no significant difference in the thermal degradation of RH filled and unfilled samples
beyond 550 °C.
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