
INTRODUCTION

One of the wildly researched materials
nowadays due to its interesting physical properties
is aerogel. Aerogel is a unique solid material which
has low density with more than 95% of its volume
consisting of air. It also has large open pores and a
high inner surface area. These properties result in
extremely low thermal conductivity and low sound
velocity apart from high optical transparency1.
Aerogels are used in a variety of applications mainly
as insulators. Some of its other applications include
chemical absorber, catalyst or catalyst carrier,
thickening agent, and as a drug delivery system2.
Aerogels are prepared using various kinds of
methods namely emulsion polymerization3-5,
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ABSTRACT

Microsized aerogels were prepared from epoxidized natural rubber (ENR)/polyvinyl chloride
(PVC) matrix blend using the solvent exchange method and dropping technique with sonication.
Some parameters were manipulated in order to observe its effects on resultant aerogels. Parameter
studied were ENR/PVC solution viscosity, ratio of ENR/PVC solution to EtOH/H

2
O solution and

sonication time.It was found that the best parameter to produce spherical microsized ENR/PVC
aerogels with high water absorption capability was by using the ENR/PVC to THF ratio of 1:20,
ENR/PVC solution to EtOH/H

2
O solution of 1:4 and a sonication time of 3 minutes.

Key words: Aerogels, sonication, voids, absorption.

emulsion with solvent evaporation (ESE)6-8,
precipitation polymerization9, and ambient pressure
drying2.

In this study, microsized aerogels was
prepared from a thermoplastic elastomer consisting
of epoxidized natural rubber (ENR) blended with
polyvinyl chloride (PVC) using the solvent exchange
method, dropping and sonication process.ENR is
considered a good elastomer because of its
enhanced properties including flexibility,
hydrophilicity and high shearing. PVC, on the other
hand is an outstanding material with properties such
as excellent chemical and physical properties, low
cost, high stiffness and robustness. ENR has a good
interaction with PVC and is expected to provide
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elasticity and gel properties to the blend whilst PVC
provides mechanical strength10-12.Some parameters
were manipulated during the preparation process in
order to observe the effects on the formation of
aerogels and it absorption properties.

MATERIALS AND METHODS

Materials
ENR of 50% epoxidation (ENR-50) with a

molecular mass of 670, 000 g/mol was supplied by
the Malaysian Rubber Board. Industrial grade PVC
was supplied by Sigma-Aldrich while
tetrahydrofuran (THF) and ethyl alcohol (EtOH) was
provided by Systerm.

Aerogel Preparation
The ENR/PVC blend was prepared by

melting 24 g of ENR with 36 g of PVC inside an
internal mixer (BrabenderPlasticoder PL2000) to
produce a 40:60 (w/w) ENR/PVC composite. The
ENR/PVC was then dissolved in THF for 24 h before
being stirred for another 24 h using magnetic stirrer.
In this study, the ratio of ENR/PVC to THF volume
used was 1:7, 1:10 and 1:20 w/v.

ENR/PVC solution was then sonicated
using an ultrasonic sonicator (Ultrasons MEDI-II).
EtOH/H2O mixture solution was continuously
dropped into the ENR/PVC solution with 10 drops/
min rate. Sonication time was varied at 1, 3, and 5
minutes. The sonication process was conducted with
the aim of agitating the intermolecular interaction of
the ENR/PVC matrix thus allowing better interaction

of the EtOH/H2O solution with the matrix surfaces.

The volume ratio of ENR/PVC solution to
EtOH/H2O solution was then varied as 1:1, 1:2, 1:4
and 2:1.After that, the solution was filtered using a
Buchner funnel to collect wet gels formed. The wet
gels were then dried in an oven at 80 °C for 3 hours
to produce aerogels. All the parameters studied are
tabulated in Table 1.

Characterization
The morphology of all aerogels was

observed using scanning electron microscopy
(SEM) (LEO 1450 VP). The samples were coated
with aurum using sputter coater before images were
taken. Aerogels were also tested for water
absorption. A mass of dried aerogels was taken
before they were soaked in water for 24 hours.
Calculation of water absorption was performed
using the equation.

Water absorption percentage (%) = 
Wet  mass −Dry  massDry  mass  

RESULTS AND DISCUSSION

Effect of ENR/PVC Solution Concentration on
Aerogel Morphology

Figure 1 a illustrates the SEM micrograph of
aerogels prepared with parameters as in (a) in Table
1. It showed that the size of the aerogel beads was
between 2-7µm.Void spaces was also observed
between the aerogel beads. At high concentrations
of ENR/PVC solution, the effect of sonication was not

Table 1: Parameters under study in the preparation of aerogels from ENR/PVC

Parameter Sample ENR/PVC:THF ENR/PVC solution: Sonication time
(mass:vol) EtOH/H2O solution(vol:vol) (min)

1) Concentration of a 1:7 1:4 3
    ENR/PVC solution b 1:10 1:4 3

c 1:20 1:4 3
2) Ratio of ENR/PVC and d 1:20 1:1 3
    EtOH/H2O solution e 1:20 1:2 3

f 1:20 1:4 3
g 1:20 2:1 3

3) Sonication time h 1:20 1:4 1
i 1:20 1:4 3
j 1:20 1:4 5
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strong enough to perfectly break the solution into
beads. As reported by Abdi et al.,13, higher energy
was needed to break a solution with higher
concentration into beads.

Aerogels prepared with the ratio of ENR/
PVC to THF being 1:10 w/v is shown in Figure 1b.
The SEM image showed that the shape of the
beads were more uniform with the size being <5 µm.
More void spaces were also observed between the
aerogel beads as compared to 1a. Some aerogel

beads were observed to stick between each other.
This might have happened due to the uneven
spread of newly formed beads with other beads
during the sonication process thus resulting in
agglomerated beads.

Figure 1c shows the aerogels prepared
with the solvent ratio 1:20 w/v. At 2000×
magnification, the aerogel beads were observed
to be spherical with sizes of < 3 µm. Similar to Figure
1b, voidspaces were observed between the aerogel

Fig. 1: SEM micrograph of ENR/PVC aerogels prepared
with ENR/PVC to THF ratio of a) 1:7, b) 1:10 and c) 1:20 (w/v)

Fig. 2: SEM images of ENR/PVC aerogels prepared with the ratio of ENR/PVC solution
to EtOH/H2O solution being a) 1:1, b) 1:2, c) 1:4, and d) 2:1 v/v at 2000× magnification
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micro beads. Smaller bead sizes were the result of
lower concentrations of the ENR/PVC solution
making it easier for the sonication process to break
the solution into microbeads.

Effect of the Ratio of ENR/PVC Solution to EtOH/
H2O on Aerogel Morphology

Figure 2 demonstrates the SEM images of
aerogels prepared by changing the ratio of ENR/
PVC solution to EtOH/H2O solution. All images were
2000× magnified. Figure 2a shows the surface of
aerogels prepared with details as in (d) in Table 1
where the ratio used was 1:1 v/v followed by figures
2b. 1:2, 2c.1:4 and 2d. 2:1. All the aerogels appeared
to be similar with no significant differences when
observed through SEM with microbead sizes being
less than 3 mm. In a research conducted by Alnaief
and Smirnova (3),the microsized aerogels produced
had different sizes when the ratio of the spreading
phase to continuous phase was changed. By
increasing the composition of the discontinuous
phase, smaller bead sizes were produced. It was
different for this case as the EtOH/H2O solution did

not influence the size of the microbeads and only acted
as a solidifying agent in forming gels.

Effect of Sonication Time on Aerogel Morphology
Sonication time of ENR/PVC solution was

varied to observe its effects on aerogels produced.
SEM images in Figure 3 illustrate the aerogels
produced with a sonication process of 1, 3, and 5
minutes. Other parameters are as tabulated in Table
1. Figure 3a shows that the size and shape of the
aerogels produced cannot be determined. This is
because 1 minute is not enough for the sonication
process to break the ENR/PVC solution into micro-
sized gels. SEM images of aerogels with 3 and 5
min sonication times were observed to be spherical
in shape with almost uniform sizes of < 5 mm.
However, void spaces in aerogels with a 5 minute
sonication time were less than aerogels with a 3
minute sonication time and the structure was denser.
This could be the result of longer sonication time
which interfered with the aerogels stacking. Thus,
the optimum sonication time is 3 minutes.
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Fig. 5: Water absorption graph for aerogels
prepared with different ratios of ENR/PVC

solution to EtOH/H2O solution
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Figure 4. Water absorption graph for aerogels
prepared with different ENR/PVC to THF ratio.

Fig. 3: SEM images of ENR/PVC aerogels prepared with sonication time of ENR/PVC
solution in a) 1 minute, b) 3 minutes and c) 5 minutes at 2000× magnification
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Water Absorption Test
The results of the water absorption test

showed that the lower the ratio of ENR/PVC to THF
(w/v), the higher the water absorption percentage.
This is as shown in Figure 4 where with a ratio of
1:7, the aerogels only absorbed 37.7% water which
was the lowest. This could be explained by the
inefficiency of solvent exchange between the THF
and EtOH/H2O due to the low THF volume. By
referring to the earlier SEM image (Figure 1a),
because of its shape which was not uniform, there
was less surface area, and therefore affected the
surface contact with water.

On the other hand, aerogels prepared with
ENR/PVC to a solvent ratio of 1:10 could absorb
water at almost its dry mass. Meanwhile, aerogel
prepared with a solvent ratio of 1:20 absorbed water
more than its dry mass proving that the more solvents
are used, the more void spaces will be present between
resultant aerogel beads as discussed in the SEM
images.

Water absorption results for aerogels with
different ratios of ENR/PVC solution to EtOH/H2O
solution (v/v) are shown in Figure 5. As discussed
earlier, the change in this ratio did not significantly
affect the shape and size of the aerogels produced.
However, by performing water absorption tests, it

was found that the lower the ratio of ENR/PVC solution
to EtOH/H2O solution, the higher the water absorption
percentage.

From Figure 5, it can be seen that aerogels
prepared with 1:4 ratio of ENR to EtOH/H2O solution
possessed the highest water absorption
percentage,which was four times higher than the water
absorption of aerogels prepared with 2:1 ratio. For
aerogels prepared with 1:1 and 1:2 solution ratios,
the difference between the two was not significant
(about 1%) but the water absorption percentages
recorded were more than one fold of their dry mass.
This phenomenon could be the result of increasing
void formation with increasing EtOH/H2O solution
used which could not be observed on the surface of
the aerogels14.

Results on the water absorption test for
aerogels prepared with different sonication time is
represented in Figure 6. From the figure, when
sonication time increases, the water absorption
percentage of aerogels also increases with a slight
decrease inthe 5 minute sonication time. It appears
that aerogels prepared with a 3 minute sonication
time absorbed more water than the other two
sonication times. This is consistent with
morphological observation by SEM earlier where
aerogels with a 3 minute sonication time appeared
to have more void spaces than others.

CONCLUSION

Aerogels were successfully prepared from
the ENR/PVC matrix using solvent exchange and
dropping with sonication techniques. The resultant
aerogels were micro in scale and spherical in shape
with observable voidspaces under SEM
microscope. Their morphology and water absorption
properties were observed to be affected by the
different parameters used during the preparation
process. Aerogels with the best properties were the
ones prepared with the ratio of ENR/PVC to THF
being 1:20 (w/v), ratio of ENR/PVC solution to EtOH/
H

2O solution being 1:4 (v/v) and a sonication time
of 3 minutes.
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Fig. 6: Water absorption graph of aerogels
prepared with different sonication times.
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