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Water absorption and thickness swelling
properties of silica aerogel infused sugar palm
fiber/polyester composites
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Abstract: Using natural fibres as reinforcements in composites
provides an inexpensive green alternate to its synthetic
counterpart. In a similar scope, to enhance the usability of sugar
palm fibres (SPF) in composites, various weight percentages (1%
to 5%) of silica aerogel (SA) were infused in SPF reinforced
unsaturated polyester composites. The samples were prepared
using hand layup procedure followed by hot pressing at 80°C for
30 minutes. The physical properties such as water absorption and
thickness swelling characteristics of the composites were
investigated. The specimen of water absorption and thickness
swelling were exposed to water absorption for a total of 90 days
and measured on alternate days in first week. Later, the readings
were taken on a weekly basis until the 3rd week and bi-weekly for
the rest of immersion time. Pure SPF composites showed lowest
water absorption and thickness swelling and it increased with
addition of SA. The highest water absorption was recorded up to
12 % and thickness swelling was 7% in 5% SA composites. SA
showed its hydrophilicity character, but the percentage of water
absorption and thickness swelling is very less.

Index Terms: Sugar palm fibres; Polyester; silica aerogel;
water absorption and thickness swelling.

l. INTRODUCTION

Natural fibres are used in various products such as textile,
paper, packaging, etc., due to their low density, renewability,
biodegradability, abundance, and low cost, which make them
an ideal raw material for these applications [1]. Use of these
fibres can also result in reduction of dependence on its
synthetic counter parts, which are a grave threat to the
environment these days. Most of the natural fibres are
considered as waste material and are abundantly available
worldwide [2,3]. Natural fibres have many advantages over
the synthetic fibres such as minimal health hazards, low
density, high flexibility, non-abrasive nature, low energy
consumption for manufacturing and low production cost [4].
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Several studies have been studied based on natural fibres
reinforced thermoset and thermoplastic composites [5,6].

Although there are benefits, there are some disadvantages
associated with the use of natural fibres as well such as lower
mechanical, thermal and physical properties than synthetic
fibres reinforced composite [7]. Natural fibre reinforced
polymer composites are sensitive to water absorption and
humidity which can affect the dimension stability of these
composites. Water absorption behavior may influence the
mechanical strength and compatibility between fibre and
matrix and lead to poor stress transfer efficiencies from matrix
to reinforcement [8].

Mechanism of water absorption in fibre composites is based
on three ways; first method is diffusion method [9], water
molecules flow into micro-cracks of polymer chains. Second
method is capillary flow [4,10]; water flow along with the
interface if interfacial bonding of fibre and matrix is weak.
Last mechanism is moisture content; storage of water in
micro-cracks present in both polymer and natural fibre [11].
Study of water absorption in natural fibre composite is
necessary for different applications such as outdoor
component, waste water treatment, packaging and building
industry. In natural fibre reinforcement, fibre absorb water
due to many reasons such as temperature, amount of fibre,
orientation of reinforcement, fibre characteristics, area of
exposed surfaces, diffusivity, and surface protection [12].

Sugar palm fibres (SPF) are extracted from a very versatile
sugar palm tree, and almost every part of this tree can be used
in various applications. SPF are known to resist higher
amounts of degradability in comparison to various other fibres
[13]. During the past few years, various studies have explored
the use of SPF as a composite reinforcement [1,14,15]. The
exploration of the properties of SPF reinforced composites
(SPFC) is of high importance to make them more suitable for
their potential modern applications such as roofing material,
tertiary structures, etc. Various studies were performed to
enhance the properties of SPFC with chemically modifying
the SPF [16,17].

However, studies on the effect of introducing fillers into the
SPF reinforced composites remain unexplored. Therefore,
this study aims to investigate the effect of fillers on SPFC. The
filler used in this study is silica aerogel (SA). Aerogels are
nanoporous materials with exceptional physical and thermal
properties [10]. The mesoporous structure of SA offers a large

surface area, which can
improve the properties by
promoting interfacial

adhesion within a composite,
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with a considerably low amount of loading [18,19]. The SA
filler used in this study is derived from rice husk, which is
otherwise a waste material, making it both economically and
environmentally beneficial product. The features of this SA
are considered to be of higher quality in comparison to
commercially available tetra-ethoxy-silane (TEOS) based SA
[20]. In this paper, the effects of adding various
concentrations of SA on the water absorption and thickness
swelling properties of SPF/UPE composites were studied.

Il. MATERIALS AND METHOD

A. Materials

SPF were extracted from sugar palm trees in Kampung
Kuala Jempol, Negeri Sembilan, Malaysia. These fibres grow
around the trunk of the trees and are in a naturally woven state.
General purpose polyester resin was used as the binder for
fabrication of the composites. Unsaturated polyester (UPE)
commercially known as “REVERSOL P9509” was supplied
by Bintang Timur Sdn Bhd, Malaysia. The catalyst used for
curing UPE was Methyl Ethyl Ketone Peroxide (MEKP)
which also acquired from the same supplier. SA was used as
the filler and was produced from rice husk, supplied by
Maerotech Sdn Bhd, Malaysia. This SA was delivered in a
white powder form and was used without any further
modifications. As reported in previous studies, this
mesoporous SA has an approximate specific surface area of
900 m2/g with nanoscale dimensions ranging from 20nm to
50nm [21]. Its melting and boiling temperatures were reported
to be between 1700°C and 2230°C respectively.

B. Fabrication of Composite

SPF were thoroughly washed with tap water to remove any
excessive impurities and dried at room temperature for at least
1to 2 days. These dried fibres were then stacked to obtain an
approximate 30% weight fraction of the composite for
fabrication. SA powder, with 1% to 5% weight percentage,
was mechanically stirred in UPE resin for 60 minutes at 500
rpm. The mixture was then left to settle for another 30 minutes
to remove excess air bubbles. 1% MEKP was mixed in the
resin mixture and stirred with a wooden stick for
approximately 30 seconds. Next, the fibres were placed in the
mould with the dimensions of 150 x 150 x 3 mm3, and the
resin mixture was slowly poured on to the fibres. A steel roller
was used to evenly distribute the resin in the fibres and to
assist in the removal of air bubbles.

The mould was then closed and left to settle for another 2 to 3
minutes to allow for the resin to flow throughout the mould.
Later, the mould was placed in a 40 tons hydraulic hot press
machine and pressed at 80°C. After 30 minutes the mould was
taken out from the machine and left for another 1 to 2 days to
allow for post curing. Table 1 shows the weight fraction for
components of the fabricated composites.

Table 1. Weight fraction of SPF reinforced unsaturated
polyester hybrid composites
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Sugar

Notatio Palm Unsaturated Silica

SN. . Polyester Aerogel

n Fibres (Wi%%) (Wi%%)

(Wt%)

1 0% 30 70 0
2 1% SAC 30 69 1
3 2% SAC 30 68 2
4 3% SAC 30 67 3
5 4% SAC 30 66 4
6 5%SAC 30 65 5

I11l. CHARACTERIZATIONS

To investigate the water absorption and thickness swelling
characteristics, the composites were immersed in distilled
water and the changes in dimensions were recorded. The mass
and thickness of each composite was measured per the
following schedule for the first week, at: 1st, 3rd, 5th and 7th
day. Later, the readings were taken on a weekly basis until the
3rd week and bi-weekly for the rest of immersion time. The
specimens were exposed to water absorption for a total of 90
days and calculated according to the equation 1 and 2.

Water absorption (%) = [(Wn-Wd)/Wd]X100 .... (1)

where, Wn is the weight of composites samples after
immersion and Wd is the weight of the composite samples
before immersion.

Thickness Swelling (%) = [(T1- T0)/T0]X100 ....(2)

where, T1 is the thickness after soaking and TO is the
thickness before soaking

IV. RESULTS AND DISCUSSION

A. Water Absorption

The water absorption of composites relative to immersion
time is displayed in Figure 1. It can be observed that all the
investigated composites showed a typical trend of moisture
uptake for NFC, where the absorption increases with increase
in time of exposure until it becomes nearly stagnant [22, 23].
In general, a varying water uptake rate and capacity were
observed for the composites with and without SA. A sudden
increase in water absorption was seen during the first few days
of the immersion time. The rate of water absorption slowly
decreased with further exposure time. It can be seen that the
rise in water absorption is influenced by the increased
concentration of SA. The primary reason of this characteristic
is the hydrophilic nature of SA with hydroxyl groups on its
surface. A composite acts hydrophilic when the silica surface
of the filler is hydroxylase [24]. Hydrophilic nature of the
fillers attracts and facilitates the penetration of water within
the composite as described by previous researchers [3, 23].
The existence of additives in
the composite may cause the
creation of higher void
content due to additional steps
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involved during the fabrication process [24]. Mesoporous
structure of SA particles can also play a hand in greater water
absorption by allowing the natural fibres to swell at a higher
degree due to induced flexible tendencies in the matrix by
highly porous and less dense SA content [25]. These aspects
resulted in a higher capacity of SA filled composites to absorb
water in comparison to composites without SA.
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Figure 1. Water absorption behaviour of composites with and
without various SA content

B. Thickness swelling

In this section, the changes in thickness of the composites
immersed in water were recorded as shown in Figure 2. The
swelling of the composites showed very similar changes to
water absorption characteristics in the previous section.
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Figure 2. Thickness swelling behavior of composites with and
without various SA concentrations

All composites with SA swell at a greater degree compared
to the 0% composite. 0% composite recorded the lowest final
rise in thickness of 5.92% while 5% SAC composite showed
the highest final swelling of up to 6.83%. Higher SA loading
(4% and 5%) resulted in a lesser time needed to reach swelling
stability, which occurred within the first two weeks of
exposure, compared to a lower SA content and 0% composite.
The increased rate of thickness swelling can be attributed to
higher water absorption with an increase in SA content. The
increase in swelling due to the addition of SA demonstrated
that there is an increase in the degree of flexibility in the
otherwise stiff and brittle binders. A previous researcher also
showed a similar trend of thickness swelling with the addition
of SA in epoxy [24]. There is a small bump in thickness
swelling between the 10th and 11th week in most of the
composites. This may be the result of crack propagation due to
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high water absorption of fibres, which induced higher stress
within the matrix [25].

V. CONCLUSION

The effect of SA addition on water absorption capabilities of
sugar palm reinforced polyester composites was investigated
in this study. It was observed that SA had a significant effect
on the water absorption characteristics of the composites. It
can be concluded that the infusion of SA resulted in a higher
volume of water uptake due to the increased amount of
hydrophilic constituents of the composite. Therefore, with
every increment in concentration of SA a higher value of
water absorption was observed. Thickness swelling was also
considerably affected with the increase of SA loading in the
composites. 5% SA content was concluded to have the highest
capacity of thickness swelling, while 1% SA had the least
swelling among SA infused SPF/UPE composites. However,
the composite without SA was found to have the least water
absorption and thickness swelling properties in comparison to
all the SA filled composites. This composite is proposed to
make roof top becouse raw materials is easily available in
malsiya, strength is very high and it have poor water holding
capacity.
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