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Using natural fibres in civil engineering is the aim of many industrial and academics sectors to overcome the impact of synthetic
fibres on environments. One of the potential applications of natural fibres composites is to be implemented in insulation
components. Thermal behaviour of polymer composites based on natural fibres is recent ongoing research. In this article, thermal
characteristics of sisal fibre reinforced epoxy composites are evaluated for treated and untreated fibres considering different volume
fractions of 0-30%. The results revealed that the increase in the fibre volume fraction increased the insulation performance of the
composites for both treated and untreated fibres. More than 200% insulation rate was achieved at the volume fraction of 20% of
treated sisal fibres. Untreated fibres showed about 400% insulation rate; however, it is not reccommended to use untreated fibres from
mechanical point of view. The results indicated that there is potential of using the developed composites for insulation purposes.

1. Introduction

Nowadays, governments in developed countries demand
engineering industries to implement ecosystem in their
products and look for sustainable materials [1, 2]. Material
scientist and researchers are exploring the potential of using
natural fibres as reinforcement in composites. Natural fibres
have the advantages of availability, ease of manufacturing,
and being less aggressive to manufacturing tools, sustainable,
and biodegradable compared to the synthetic fibres [3-5].
There are many works that have been done to evaluate
mechanical [5], physical [6], and tribological [7] behaviours
of polymer composites based on natural fibres. In [8, 9], a
comprehensive review on the flax fibres and the potential of
using natural fibres in various engineering applications has
been addressed. One of the recent applications of natural fibre
polymeric composites is for energy absorption applications
[10]. In civil engineering application, natural fibres have been
used in different structures showing promising results [11].
The main concern in the composite characteristics is the
bonding between the reinforcements and the matrix [12].
With regard to the natural fibres, there are poor adhesion
properties between the raw natural fibres and the syntactic

resin [13]. This is due to the presence of waxy layer on the
surface of the fibres and undesirable substances. To overcome
this issue, there are several chemical treatments that have
been attempted to improve the interfacial adhesion of the
fibres with the matrix. Silane and NaOH were found to be
good chemical solutions at optimum concentration in which
the surface of the fibres is dramatically enhanced resulting
in high interfacial adhesion with the matrix [14]. 6% NaOH
solution removed the waxy layer of several natural fibres
such as coir [15, 16], kenaf [17], and jute [18]. In addition,
at this percentage of concentration, there is no damage on
the structure of the fibres. However, at higher percent of
NaOH, there is significant damage to the fibres structure
which deteriorated and the strength of the fibres [16].
Thermal characteristic of polymeric composites is one
of the key components in materials selection especially in
civil constructions. The thermal behaviour of polymers based
on natural fibres has not been comprehensively understood
and less works have been reported. Degradation of fibre
polymer composites has been extensity studied. However,
insulation behaviour of the composites is not fully reported
and understood. Therefore, there is a need for investigating
the insulation properties of fibre polymeric composites.
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In recent work by [19], hemp fibres have been used as
natural reinforcements for polyester composites. The work
showed that the addition of the hemp fibres in 20% caused
significant improvement to the insulation performance of
the polyester composites. In another work by [20], thermal
conductivity of abaca fibre composites as a function of
lumen and cell wall structure has been studied. The work
showed that the abaca fibres also improved the insula-
tion behaviour of the wall since the conductivity of the
wall dropped when abaca fibres incorporated in the wall
materials.

In the light of the above, this work is motivated to
comprehensibly and experimentally understand the influ-
ence of natural fibres on thermal characteristics of polymeric
composites. In the current study, sisal fibres reinforced epoxy
composites were developed in two forms as untreated sisal
fibres and treated. The thermal conductivity of the developed
composites with different volume fractions of fibres was
determined. Optimum volume fraction is identified from
mechanical and thermal point of views.

2. Methodology

2.1. Material Selection and Preparation. Sisal fibres were
obtained from India in raw form. The fibres were cleaned and
combed with water. Some of the fibres were used to fabricate
the untreated samples and some fibres were treated with
6% NaOH concentration. In the treatment, the fibres were
immersed in the solution for 24 hours and then washed with
water. The fibres were then dried in an oven at temperature
of 50°C for 24 hours. The fibres were cut into 15mm in
length. The samples were prepared using an open mould
technique. A mould in dimensions of 100 mm length and
45mm diameter was used in the fabrication. The inner
surface of the mould was coated with waxy layer (mirror
glaze) to ease the removal of the samples after the testing.
Epoxy (ultra platinum) was used as a resin with a mixing rate
of 50% with hardness. Different volume percent of fibres in
the composites was considered as 0%-30%.

2.2. Sample Preparation. In the fabrication procedure, the
fibres were mixed with the mixture of the resin and the
hardener and then poured into the mould. Vacuum process
was applied to get rid of the air in the samples. The samples
were kept in the mould for 24 hours for self-curing process.
After that the samples were removed from the mould and
placed in an oven at temperature of 80°C for 24 hours. The
samples were taken out and numbered. The samples were
drilled from the surface to the centre of the composite bar.
There were four holes drilled in the sample and the distances
between the holes were fixed to 20 mm, Figure 1. M-Flex
insulation pipe was used to insulate the bars of the samples.
The bar of the samples was drilled precisely using automated
drill machine from the surface to the centre of the sample.
Holes were made on the insulator to insert the thermocouples
to reach the centre of the samples. Type K thermocouple
(chromel/constantan) was used in the experiments. The six
thermocouples were attached to a reader to capture the
temperature at each hole in the sample.
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FIGURE 1: Thermal conductivity measurement.

2.3. Experimental Setup and Procedure. The experiments
were conducted using convection method, ASTM D5930-17.
The setup is shown in Figure 1. Basically, there is heat suppler
to one end of the samples. The heat supplier was fixed to
be 1kw. Before starting the experiments, the samples were
insulated and thermocouples were fixed in each hole with the
free ends of the sample as well. One of the ends will be facing
the heater and the second end will be free for cooling via
the atmosphere. In the experimental procedure, the heater is
switched on and the temperature values were captured every
minute. Six values of temperature were captured each time
and recoded with the time. The six temperatures captured are
at the points illustrated in Figure 1. Temperature differences
were calculated and the percent of the temperature reduc-
tion was calculated. This is with respect to the maximum
temperature measured at the heated end of the sample. The
temperature difference is determined for sample between
the heated end and the first hole. The reduction percent
is determined by dividing the temperature difference and
the origin temperature at the heated end. The aim of the
evaluation is to gain the maximum heat reduction with the
consideration of the material performance.

3. Results and Discussion

The results of the experimental work are presented in two
forms as temperature differences between two distances
and the reduction percent which represents the insulation
performance of the samples. The section is divided into two
as untreated and treated composites.

3.1. Thermal Characteristics of Untreated Sisal Fibre/Epoxy
Composites. Temperature distribution in the sample of 10%
untreated sisal fibre reinforced epoxy composites and the
reduction in the temperature transfer is given in Figures
2(a) and 2(b), respectively. In Figure 2(a), it seems that the
temperature increases with the time for all the five readings of
the thermocouples. However, after 20 min of heating process,
the temperature seems to be stabilised for all the sections in
the samples which represents the steady state heat transfer
condition. T1 represents the heated end of the sample and
T6 is the free end of the sample which are exposed to the
heater or air, respectively. T1 is the highest value of the
temperature since it is exposed to the heater directly and
T6 is the lowest since it is exposed to the cold end of the
sample.
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FIGURE 2: Temperature distribution in untreated 10% sisal/epoxy
composites and reduction percent.

One can see that, with the distance of 10 mm from the
heated end, there is great drop in the temperature from T1
to T2, that is, from 100°C to 40°C. At further distance, the
temperature dropped further to reach 25°C which is very
close to the atmosphere temperature at distance of 50 mm.
Further increase in the distance did not show dramatically
drop in the temperature. In other words, at the thickness
of 50 mm, high insulation performance can be achieved
for this composites and can be considered the optimum
thickness for the insulated component. Figure 2(b) shows
the reduction percent in the temperature across the sample
which represents the insulation rate at each distance with
respect to the heated end. The highest insulation rate can be
seen when the large thickness of the sample is used which is
100 mm. At very small distance of 10 mm, the reduction in the
temperature is about 150%. This is a very promising result for
such composites.

With respect to the influence of the fibres mount in the
sample, Figure 3 represents the thermal results of epoxy
samples containing 20% of untreated sisal fibres. The trend of
the temperature distribution insider the sample of 20% fibres
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FIGURE 3: Temperature distribution in untreated 20% sisal/epoxy
composites and reduction percent.

is similar to the ones presented for the sample containing 10%
of fibres. However, in terms of value, there is slight differences
since the temperature is slightly dropped in the 20% of fibre
compared to the one for the 10% of the fibre. To show the
effect of the fibre content on the thermal behaviour of the
composites, the result for the 30% fibre could show a clear
differences in the following section.

For the 30% of sisal fibre/epoxy composite, the insula-
tion performance is displayed in Figure 4. The temperature
distribution of in the sample is omitted since the trend is
very similar to the ones presented for the 10% and 20% of
sisal/epoxy composites. The figure shows that the insulation
rate can reach up to 400% towards the end of the sample. At
the same distance, the composites with the content of 10%
fibres showed only 200% insulation rate as shown in Figure 2.
In other words, the high content of the fibre increases the
insulation rate of the composite. This is attributed to the
fact that the natural fibres have some voids in its structure
especially the untreated fibres [21, 22]. The presence of the
voids as air in materials increases the insulation rate as
reported by [23, 24]. In the case of the treated fibres, the
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FIGURE 4: Temperature distribution in untreated 30% sisal/epoxy
composites and reduction percent.

outer layer removed due to the chemical treatment and the
amount of void is expected to drop since during the curing
the resin will enter the inner structure of the fires. This
is very beneficial from mechanical point of view since it
increases the interlock of the fibres in the bulk of the materials

[5].

3.2. Thermal Characteristics of Treated Sisal Fibre/Epoxy
Composites. The results of the treated sisal fibre reinforced
epoxy with different contents of fibres (20% and 30%) are
presented in Figure 5. The temperature distribution is in
similar trends to the ones given for the untreated fibres.
However, the values of the temperature were slightly higher
since the insulation rate was slightly lower. The insulation
rate of the treated fibres epoxy composites is displayed in
Figure 5 showing that the values are about 300% and 275%
for the 20% fibre and the 30% fibres, respectively. In previous
section. The maximum insulation rate was exhibited for the
untreated composites when the content of the fibres was 30%
since the insulation rate was about 400%. In comparison to
the treated fibre with the same content, it can be seen that
the treatment of the fibres dropped the insulation rate from
400% to 275%. This can be expected as explained previously.
Treatment of the fibres allows the resin to enter the bundle
of the fibres which makes the fibres very homogeneous and
the amount of air in the composites would drop as well. The
less amount of air in the composites is the main reason of
the drop of the insulation rate of the composite. However,
the literature recommended using the treated fibres since
they have better support to the mechanical properties of the
composites [6, 25].

4. Morphology of Fractured Samples

After the experiments have been conducted, the samples
were fractured and small pieces of the samples in size of
10mm® were coated with thin layer of gold to conduct
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FIGURE 5: Temperature distribution in untreated 20% sisal/epoxy
composites and reduction percent.

the SEM observation using desktop Joel SEM. The micro-
graphs of the composites are presented in Figure 6 for
untreated and treated sisal fibre reinforced epoxy composites.
In both micrographs and for both treated and untreated
composites, a clear presence of voids is evidence. How-
ever, there is clear pull out of the untreated fibres which
worsen the load transfer from the fibre with the matrix
during the tensile or compressive loading conditions. With
the case of the treated fibres, it seems the fibres were
well adhered to the resin and no pull-out or detachments
can be seen. This confirms the thought that treated fibres
should be considered in the composites design despite the
thermoresults that showed that the untreated fibres exhib-
ited high insulation performance compared to the treated
fibres.

5. Conclusions

The experimental data of the current study on the effect of
volume fraction of treated and untreated fibres on the thermal
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FIGURE 6: Micrographs of sisal fibre reinforced epoxy composites.

characteristics of epoxy composites was presented. The main
findings of the work as follows:

(i) Sisal fibres significantly improved the insulation
properties of epoxy composites since the natural
fibres have the void generated inside the composites
which acted as good insulator. More than 400%
insulation rate was achieved when untreated fibres
were used.

(ii) The untreated fibres have better insulation rate to
the epoxy composited compared to the treated fibres
since the untreated fibres generated more air inside
the composites compared to the treated one. However,
this is not recommended since untreated fibres result
in poor interfacial adhesion of the fibres with the
matrix. This is confirmed with the aid of the SEM
observation.

(iii) Increasing the volume fraction of the sisal fibres in
epoxy composites increases the insulate rate which
was due to the increase of air amount in the compos-
ites.

(iv) Treated fibres are recommended for the composites
fabrication. However, further study is required to
identify the optimum volume fraction of the sisal
fibres from mechanical point of views.
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