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Abstract: Naturally occurring nanomaterials are finding growing interests in tailoring properties
of engineering polymers for advanced applications. The objective of this study was to develop
environment-friendly nanocomposite films by reinforcing kaolinite nanofillers (1–10 wt%) in silicone
rubber (SR) matrix using a simple solvent casting technique. Kaolinite-reinforced films showed
substantial improvement in mechanical (tensile strength, Young’s modulus, and elongation at break)
and thermal properties at very low filler loading (5 wt%). The improvement of solvent resistance
nature of the fabricated films was another critical aspect of this study. Unfilled SR film showed ~19%
weight loss when immersed in toluene for 4 h at 25 ◦ C, whereas only ~4% weight loss was recorded
in the case of 5% (w/w) kaolinite loaded film. Therefore, kaolinite has the potential to bring significant
improvement in the properties of SR. This study indicates that there is plenty of room at the bottom
for proper utilization of the potential of kaolinite for developing SR-based composite materials for
potential applications in many industries, such as textile, household cleaning, construction, electronics,
automotive, medical, etc.
Keywords: nanomaterials; nanocomposite; reinforcing; kaolinite; silicone rubber; solvent casting

1. Introduction
Silicone rubber (SR) has made tremendous contributions towards developing high performance
industrial products for a wide range of applications. Due to its excellent physicochemical properties,
it has gained special attention by many researchers and has been widely utilized to manufacture various
valuable industrial products, such as gaskets, cables, sealants, bioimplants, etc. [1]. The outstanding
properties of SR include physiological inertness [1], superior electrical insulation [2], radiation
resistance [3], corrosion resistance [4], superior fatigue resistance under extreme temperatures [5],
thermal oxidative stability [6], fracture toughness [7], and so on. However, poor mechanical
performance limits its application and is a major technological challenge for researchers to develop
SR-based products [1]. To address these limitations, nanotechnology might play a potential role
since nanotechnology is considered as fascinating and revolutionary technology of the twenty-first
century. Polymer nanocomposites (NCPs) are the combination of inorganic functional fillers and
polymers, which display unexpected hybrid properties that are synergistically derived from both of
the components [8]. Nanoparticles often strongly influence the properties of composites because, in
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comparison with the conventional composites, mixing of phases occurs over a much smaller length
scale in NCPs [9]. In the case of NCPs, the large available surface area of nanoparticles provides better
interaction between fillers and matrix, which ultimately enhances the level of reinforcement [10].
Numerous trials have been performed by many researchers and their coworkers to improve the
inherent physicochemical properties of SR by incorporating filler materials, such as layered silicates
(LS) [11–13], graphene [14,15], silica [16], boron nitride [17], carbon nanotubes [18], titania [19], zinc
oxide [20], ceria [21], alumina [22], etc. However, the most promising results have been found with
NCPs fabricated from LS due to its high available surface area, plate morphology, and exceptionally
stable oxide network [23]. The significant aspect ratios of LS with thickness in the order of a nanometer
and length and width in the order of 10–1000 nm lead to the dramatic improvement in properties,
such as thermal stability, modulus, permeability, flame retardancy, and so on [10]. This improvement
in properties with higher aspect ratios is attributed to the better reinforcement of nanolayers [9].
However, compared to other layered materials, clay minerals have received more attention due to
their low cost, availability, and non-carcinogenic nature [1,24]. In order to achieve good mechanical
properties, traditional fillers (silica and carbon black) are used in large quantities (>20~50 wt%),
whereas incorporation of much smaller amount (<10 wt%) of layered-clay can provide excellent
material properties [25]. The distribution pattern of layered-clay greatly controls the properties of
NCPs. For polymer-clay composites, three basic types of dispersion patterns have been reported
in the literature [26]. The first type is conventional composites, in which clay tactoids are simply
dispersed as a segregated phase. The second type is intercalated structure, in which clay layers are
well ordered, but polymer chains are inserted into the clay host gallery. The third type is the exfoliated
NCPs, in which individual nanosheets lose their layered stacking and are homogeneously dispersed
in the polymer matrix. The best physical properties are achieved in exfoliated NCPs due to large
polymer/filler interface [26–28]. However, complete exfoliation is seldom achieved, and there is a
mixture of exfoliation and intercalation.
Most of the reported studies on polymer-clay NCPs focused on the modification of hydrophilic
clay with organic modifiers to make it compatible with hydrophobic SR matrix. Burnside et al. reported
improved mechanical and reduced solvent uptake properties of NCP prepared from organically
modified montmorillonite (O-MMT) and polydimethylsiloxane (PDMS) [10]. Similar results have been
reported by LeBaron et al. [9]. Kong et al. also reported improved thermal and mechanical properties
of O-MMT/SR NCP [26]. Ma et al. reported a new strategy to prepare disorderly exfoliated NCP
from surfactant modified MMT and SR [29]. Until now, it is found that there is no literature report on
kaolinite-SR NCP. Therefore, in this study, an attempt was taken to fabricate high-performance NCP
with improved mechanical, thermal, and chemical properties by doping kaolinite into SR matrix using
a facile solvent casting method. Apart from this, NCPs were prepared by direct incorporation of raw
kaolinite into the SR matrix without any expensive modification step. It was a major breakthrough
of this research. The inherent physicochemical properties of kaolinite have made it a promising
candidate for the advancement of nanoscience and nanotechnology. Therefore, environment-friendly,
available, and cost-effective kaolinite should receive more attention as nanofiller in the fabrication of
high-performance NCPs for advanced applications.
2. Materials and Methods
2.1. Materials
In this study, the semi-solid SR was used for film formation and was purchased from Shangdong
Dayi Chemical Co., Laiyang, China. Kaolinite was used for reinforcing SR film, which was collected
from Bangladesh Insulator and Sanitaryware Factory Ltd., Dhaka, Bangladesh. For dissolving SR,
toluene was selected as a suitable solvent, which was supplied by Active Fine Chemicals Limited
(Dhaka, Bangladesh). In order to investigate the chemical resistance of the prepared films, dimethyl
sulfoxide (DMSO), dimethylformamide (DMF), and acetic acid were utilized in this study. These
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solvents were purchased from Merck KGaA (Darmstadt, Germany). All of the chemicals were used
without further purification.
2.2. Methods
2.2.1. Preparation of Nanocomposite (NCP) Films
For the preparation of NCPs, different amount of kaolinite was loaded into SR matrix (Table 1).
Table 1. Nanocomposite (NCP) films fabricated with different filler loading. SR-K = silicone
rubber- kaolinite.
Film Code

% Silicone Rubber (w/w)

% Kaolinite (w/w)

SR
SR-K0.01
SR-K0.03
SR-K0.05
SR-K0.07
SR-K0.10

100
99
97
95
93
90

0
1
3
5
7
10

A control SR film was also prepared using the same technique for comparison purpose. At first,
SR was completely dissolved in toluene (10 mL) at room temperature (25 ◦ C), which was immediately
followed by the addition of dry and powdered-kaolinite. For homogeneous dispersion, this mixture
was agitated by a sonicator for 30 min. The resulting viscous dispersion was immediately transferred
to a glass plate, where it was air dried at room temperature (25 ◦ C) for 24 h. During this period,
the majority of the toluene molecules escaped from the system providing a suitable environment for
dynamic interaction between the filler and the matrix. The air-dried composite was finally cured
through heat treatment at 150 ◦ C for 3 h to prepare the NCP films. The resultant films were characterized
and, subsequently, various properties were measured.
2.2.2. Characterization of the Fabricated Films
Fourier transform infrared spectroscopy (FTIR) technique was applied to analyze the surface
chemistry of the NCP films. FTIR spectra of the samples were recorded in the wavenumber range
of 4000–400 cm−1 (Resolution: 4 cm−1 ) with 30 scans on a FTIR 8400S spectrophotometer (Shimadzu
Corporation, Kyoto, Japan). Wide angle X-ray powder diffraction (XRD) technique was applied to
investigate the intercalation and/or exfoliation phenomenon of layered-kaolinite. XRD patterns of the
samples were produced at room temperature (25 ◦ C) on an x-ray diffractometer (Ultima IV, Rigaku
Corporation, Akishima, Japan) equipped with Cu Kα radiation (λ = 0.154 nm) generator operated at
40 kV and 40 mA. The dispersion of kaolinite in the SR matrix was thoroughly investigated by taking a
scanning electron microscope (SEM) image on a JEOL JSM-6490LA (Tokyo, Japan), which was operated
at an accelerating voltage of 20 kV. The working distance for SEM analyses was 10 mm.
2.2.3. Investigation of Mechanical Performance
Tensile strength (Ts ) and elongation at break (Eb ) were measured under ambient conditions by strip
test method (EN ISO 1421:1998 Method 1) [30] on Titran5 Universal Strength Tester (Model-1410-Titran5 ,
James Heal, Halifax, UK) with an approach speed of 15 mm/min. The test specimens had the following
dimensions: 50 mm × 10 mm × (0.38 ± 0.02) mm. The mechanical properties were tested with five
specimens for each composition, and an average was subsequently recorded. All of the specimens
were properly conditioned before testing. Young’s modulus (Ys ) of the samples was finally calculated.
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Figure 1. (a) A simplified scheme for NCP preparation (loading of kaolinite led to the formation of
Figure 1. (a) A simplified scheme for NCP preparation (loading of kaolinite led to the formation of
optically opaque composite films), (b) FTIR spectra of SR, K, and SR-K0.05 (only the significant peaks are
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optically opaque composite films), (b) FTIR spectra of SR, K, and SR-K
highlighted for comparison purpose). The characteristic absorption band at 1015 cm−1 (SR) overlapped
are highlighted
for
comparison
purpose).
The
characteristic
absorption
band at 1015 cm−1 (SR)
with 1004 cm−1 (K) and broadened, indicating surface chemical interaction between filler and matrix.
overlapped with 1004 cm−1 (K) and broadened, indicating surface chemical interaction between filler
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The Analysis
variation in surface chemistry of SR due to kaolinite loading was well-illustrated via
3.1. FTIR
transmission FTIR. The absorbance of various functional groups presents in SR and kaolinite is
The variation in surface chemistry of SR due to kaolinite loading was well-illustrated via
transmission FTIR. The absorbance of various functional groups presents in SR and kaolinite is
thoroughly discussed in S1. Comparison of FTIR spectra (Figure 1b) suggests that the characteristic
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Figure 2. (a) XRD patterns of SR, K, and SR-K0.05 (Inset shows the SEM micrograph of SR-K0.05 with
Figure 2. (a) XRD patterns of SR, K, and SR-K0.05 (Inset shows the SEM micrograph of SR-K0.05 with
scale bar of 10 µm. The morphological feature and disappearance of crystallinity indicates exfoliation
scale bar of 10 µm. The morphological feature and disappearance of crystallinity indicates exfoliation
of kaolinite); (b) XRD pattern of SR-K0.07 (Inset shows the SEM micrograph of SR-K0.07 with scale
of kaolinite); (b) XRD pattern of SR-K0.07 (Inset shows the SEM micrograph of SR-K0.07 with scale bar
bar of 10 µm. Morphology and characteristic XRD peaks strongly support agglomeration and phase
of 10 µm. Morphology and characteristic XRD peaks strongly support agglomeration and phase
separation of kaolinite from the matrix.).
separation of kaolinite from the matrix.).
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S1). However, incorporation of kaolinite brought variation in surface morphology, as illustrated in
Figure 2a. The homogeneous distribution of exfoliated nanosheets throughout the SR matrix is
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The homogeneous distribution of exfoliated nanosheets throughout the SR matrix is evident in Figure 2a,
which strongly supports the XRD data. This type of even distribution might occur due to the strong
interfacial chemical interaction between kaolinite filler and SR matrix. The uniform distribution of
fillers is highly desirable for engineering applications of advanced polymer NCPs. In this study,
kaolinite was homogeneously dispersed in the rubber matrix by sonication for 30 min. It has been
widely reported in literature that ultrasonication ensures the uniform dispersion and exfoliation of LS
in the polymer matrix. Horrocks et al. observed improved dispersion of nanoclay in polymer matrix
after ultrasound treatment [34]. Kaboorani et al. reported ultrasonication as an efficient strategy for
dispersing nanoclay in polyvinyl acetate [35]. Ultrasonication plays a predominant role in the formation
of exfoliated NCP by assisting the migration/diffusion of polymer into the interlayer galleries of LS,
which push apart silicate layers. Due to ultrasonication, alternating high-pressure and low-pressure
waves are created in the liquid medium leading to the formation, growth, and violent collapse of a
large number of vacuum microbubbles in a very short time (microseconds). This phenomenon is called
cavitation, which results in the deagglomeration of nanometer size materials by causing high-speed
impinging liquid jets and strong hydrodynamic shear-forces [35]. Apart from nanoclay, the uniform
dispersion of other nanomaterials through ultrasonication has also been reported in literature [36,37].
3.4. Mechanical Properties
As illustrated in Figure 3, the unfilled SR film showed inferior mechanical performance (Ts , Ys ,
and Eb ) due to the low melting point (~233 K) for which a strain-induced crystallization could not be
readily provided [38]. However, a substantial improvement in mechanical properties was found after
the gradual addition of kaolinite up to 5% (w/w). The progressive improvement of Ts with kaolinite
loading, as illustrated in Figure 3a, could be attributed to the possible strain-induced alignment of the
kaolinite nanolayers in the SR matrix [39] together with strong hydrogen bond formation between
fillers and matrix [40]. The high aspect ratio of the exfoliated-clay platelets led to the significant load
transfer from matrix to filler resulting in a higher value of Ts in SR-K0.05 [1].
As shown in Figure 3c, the elongation at the break showed marvelous improvement with the
addition of kaolinite It is evident from Figure 3c that unfilled SR film showed an Eb value of 387%,
whereas SR-K0.05 showed 577%. This dramatic improvement in Eb might be attributed to the following
factors: (1) the well dispersion of nanosheets in the SR matrix, which delocalized the stress by the
absorption and dispersion of the applied load, (2) the lubricating effect of SR at the kaolinite surface
which enhanced slipping of clay nanolayers in the matrix, and (3) the plasticizing effect of SR [33].
The progressive increase in mechanical performance with the gradual addition of kaolinite (up to
5 wt%) may be attributed to the successive and effective binding of filler with the matrix at the interface.
Similar effect has been reported with NCPs based on other kind of nanoclay [41]. However, it is evident
from Figure 3a–c that as the clay content exceeded 5% (w/w), the values of Ts, Ys, and Eb decreased
gradually. Therefore, it can be said that the highest mechanical performance can be obtained only at
5% (w/w) kaolinite loading, which appears to be the critical kaolinite content for the fabricated NCPs.
This critical content is well-supported by the previous studies, where numerous researchers reported
that SR-clay NCP films showed best mechanical performance at low filler loading [1,24,26,29,31,33,42].
It has been reported in the literature that superior mechanical and thermal properties are found with
exfoliated and intercalated NCPs compared to conventional composites [43]. As supported by the
XRD and SEM of SR-K0.05 (Figure 2a), it can be said that the homogeneous distribution of exfoliated
nanosheets throughout the matrix together with high filler adhesion at the interface was achieved
at this critical kaolinite content, which ultimately resulted in the fabrication of high performance
NCPs. The exfoliated nanosheets having a high available surface area can easily interact with the
polymeric chains, leading to the formation of physically cross-linked network in which nanolayers
act as a physical cross-linking junctions [26]. Here, 5% (w/w) kaolinite was sufficient to cover the SR
matrix completely. At this critical kaolinite loading, the hydrogen bond formation led to effective
interfacial interaction between filler and matrix while further addition of kaolinite negatively affected
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Figure 3. Effect of kaolinite content on the (a) tensile strength, (b) Young’s modulus, and (c) percent
Figure 3. Effect of kaolinite content on the (a) tensile strength, (b) Young’s modulus, and (c) percent
elongation at break. The mechanical performance increased gradually with the addition of kaolinite up
elongation at break. The mechanical performance increased gradually with the addition of kaolinite
to 5% (w/w). After that there was a decline in the performance due to the agglomeration and phase
up to 5% (w/w). After that there was a decline in the performance due to the agglomeration and phase
separation of kaolinite from the SR matrix. (d) Stress vs. percent elongation curves.
separation of kaolinite from the SR matrix. (d) Stress vs. percent elongation curves.
Table 2. Summary of investigated mechanical properties of SR and NCPs.
Table 2. Summary of investigated mechanical properties of SR and NCPs.
Film Code
Tensile Strength (MPa)
Young’s Modulus (MPa) Elongation at Break (%)

Film Code Tensile Strength (MPa) Young’s Modulus (MPa) Elongation at Break (%)
SR
1.39 ± 0.034
0.36 ± 0.009
386.89 ± 8.862
SR
1.39 ±1.71
0.034
0.360.38
± 0.009
386.89
SR-K0.01
± 0.049
± 0.007
456.81 ±± 8.862
9.792
SR-K
0.01 0.03
1.71 ±1.99
0.049
0.380.41
± 0.007
456.81
± 10.098
9.792
SR-K
± 0.054
± 0.008
489.07 ±
SR-K
± 0.051
± 0.011
576.67±±10.098
8.244
SR-K
0.03 0.05
1.99 ±2.80
0.054
0.410.49
± 0.008
489.07
SR-K
2.20
±
0.065
0.43
±
0.009
521.44
±
9.977
SR-K0.05 0.07
2.80 ± 0.051
0.49 ± 0.011
576.67 ± 8.244
SR-K0.10
2.17 ± 0.074
0.41 ± 0.009
519.11 ± 8.318
SR-K0.07
2.20 ± 0.065
0.43 ± 0.009
521.44 ± 9.977
SR-K0.10
2.17 ± 0.074
0.41 ± 0.009
519.11 ± 8.318
The poor mechanical performance of SR-K0.07 and SR-K0.10 films, i.e., at higher kaolinite loading
(>5 wt%)
could
be attributed
to the poor
and
low0.10filler
adhesion
at the interface
SR
The poor
mechanical
performance
ofdispersion
SR-K0.07 and
SR-K
films,
i.e., at higher
kaolinite with
loading
matrix
[33].
Finally,
the representation
Figure 3dand
demonstrates
the linear
(˃5
wt%)
could
be attributed
to the poorin
dispersion
low filler adhesion
at relationship
the interface between
with SR
applied[33].
stress
and percent
elongation forinthe
fabricated
NCP films. the linear relationship between
matrix
Finally,
the representation
Figure
3d demonstrates
applied stress and percent elongation for the fabricated NCP films.
3.5. Thermal Stability
Many engineering applications require higher thermal stability of NCPs. Therefore, in this
study, the thermal properties of the fabricated NCP films were investigated under a nitrogen
J. Compos. Sci. 2019, 3, x; doi: FOR PEER REVIEW
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before the
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Thermogravimetric
analyzer
(TGA)
thermograms
ofand
SR NCPs
and NCPs
nitrogen
Figure
Thermogravimetric
analyzer
(TGA)
thermograms
of SR
underunder
nitrogen
flow,
flow,
(b)
derivative
thermogravimetric
(DTG)
curves
illustrating
specific
decomposition
temperatures,
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5
wt%
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thermal
stability.),
(d)
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leads to phase separation and agglomeration).

Unfilled SR film showed onset degradation temperature (T
/T10 ) at 351 ◦ C, while this value
Unfilled SR film showed onset degradation temperature (Tonset
onset/T10) at 351 °C, while this value
significantly shifted to a higher temperature for all of the NCPs. The temperature for 50% mass loss,
significantly shifted to a higher temperature for all of the NCPs. The temperature
for 50% mass loss,
i.e., T50 (as a measure of mid-point of degradation) was recorded at 431 ◦ C for unfilled SR film, but this
i.e., T50
(as a measure of mid-point
of
degradation)
was
recorded
at
431
°C
for
unfilled
SR film, but
value also shifted to 456 ◦ C and 506 ◦ C, respectively, for SR-K0.01 and SR-K0.03 . Apart from this, the
this value also shifted
to
456
°C
and
506
°C,
respectively,
for
SR-K
0.01 and SR-K0.03. Apart from this, the
char residue at 800 ◦ C, i.e., R800 also increased progressively with the gradual addition of kaolinite The
char residue at 800 °C, i.e., R
800 also increased progressively with the gradual addition of kaolinite
values of T , T50 , and R800 are summarized in Table 3.
The values 10
of T10, T50, and R800 are summarized in Table 3.
The enhanced thermal stability of the NCPs may be attributed to the effective filler-matrix
interaction, which prevented
the segmental
motion
macromolecules
The rate of diffusion of
Table 3. Comparison
of TGA
dataof
ofthe
unfilled
SR with SR-K[26].
NCPs.
the volatile decomposition products out of the bulk was reduced by the addition of thermally stable
Film
Code path
T10 (°C)
50 (°C)
R800 (°C)of this products by creating a
kaolinite, which increased the
effective
lengthTfor
the diffusion
431 as a11.72
tortuous pathway [46]. UniformlySR
dispersed351
kaolinite acted
barrier to the passage of the volatile
SR-K
0.01
355
456
12.22
pyrolized products of SR due to their entrapment into the nanoparticles’ lumen [47,48]. The derivative
SR-K0.03
360
506
38.84
SR-K0.05
362
53.65
SR-K0.07
367
55.66
SR-K0.10
376
57.38
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thermogravimetric (DTG) curves, shown in Figure 4b, clearly illustrates various degradation steps
in the NCPs due to heat treatment. The individual degradation steps in NCPs could be more easily
understood from DTG curves than TG curves alone. The DTG peaks more accurately indicate
characteristic decomposition temperatures of different components [49]. Neat SR displayed single-step
degradation with Tmax (temperature of the peak maximum) value of 448 ◦ C. In the case of kaolinite,
the transformation from crystalline kaolinite to amorphous metakaolinite, due to dehydroxylation,
was recorded at 542 ◦ C (Tmax ). However, two-step degradation was recorded in the case of SR-K0.05
with Tmax value of 366 ◦ C and 489 ◦ C, respectively. The two-step thermal degradation in SR-based
composites has also been reported by Shi et al. [50]. It is interesting to note that in this study, the peak
position was shifted from 448 ◦ C in SR to 489 ◦ C in SR-K0.05 . Besides, peak height was significantly
lowered. Therefore, phase transformation in SR was significantly restricted, as well as delayed, due to
the introduction of kaolinite nanofillers.
Table 3. Comparison of TGA data of unfilled SR with SR-K NCPs.
Film Code

T10 (◦ C)

T50 (◦ C)

R800 (◦ C)

SR
SR-K0.01
SR-K0.03
SR-K0.05
SR-K0.07
SR-K0.10

351
355
360
362
367
376

431
456
506
-

11.72
12.22
38.84
53.65
55.66
57.38

TGA also helped us identify the optimum filler content. For finding the critical kaolinite loading,
percent weight loss at 800 ◦ C was plotted against the kaolinite content (Figure 4c). It is clear from this
plot that unfilled SR film showed 88.28% weight loss at 800 ◦ C, whereas this loss decreased significantly
to 46.35% at 5% (w/w) kaolinite loading. Therefore, only 5% (w/w) addition of kaolinite prevented
approximately 42% loss of SR. It was undoubtedly a remarkable improvement in the thermal stability.
Kong et al. reported only 8.5% residue of SR-clay composite at 7% filler loading [26], whereas Mishra
et al. reported 33% residue at 10% filler loading [24]. In this study, 53.65% residue is reported at
only 5% filler loading. This comparison indicates that this study was more successful in fabricating
thermally stable NCPs. However, no significant effect on thermal stability was observed with the
further addition of kaolinite Therefore, it can be concluded that thermally stable and mechanically
superior NCPs can be fabricated by doping only 5% (w/w) kaolinite in SR matrix. This statement is
well supported by XRD and SEM analysis (discussed earlier). A graphical representation in Figure 4d
demonstrates a simplified mechanism for the superior thermal and mechanical properties of NCP at
5% (w/w) kaolinite loading.
3.6. Solvent Effect
The fabricated films were soaked in four common polar solvents (water, DMSO, DMF, and acetic
acid) for 24 h at 25 ◦ C and no significant weight change was noticed after this long period (Figure S3).
This observation indicates that both SR and NCPs were chemically resistant against the applied solvents.
The freely rotating nonpolar methyl groups placed on the exterior of the helical structure of silicone
macromolecule might explain the observed repellency properties towards the applied polar solvents.
However, the immersion of the films (SR and SR-K0.05 ) in non-polar toluene showed different results,
as displayed in Figure 5a. Unfilled SR film showed ~19% weight loss after 4 h of soaking at 25 ◦ C,
whereas only ~4% weight loss was calculated for SR-K0.05 at the same condition. It was a phenomenal
improvement in the chemical resistance property of the NCP films.
The inherent property of unfilled SR was not probably resilient enough to resist the action of
toluene, whereas kaolinite could probably prevent the separation of silicone macromolecules from the
matrix by forming modified and robust filler-matrix interface. Therefore, the introduction of kaolinite
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played a remarkable role in the fabrication of high performance NCPs. The toluene uptake capacity
of both SR and SR-K0.05 was also investigated at 25 ◦ C. After 4 h of soaking in toluene, unfilled SR
film showed ~170% swelling, while ~225% swelling was observed in the case of SR-K0.05 (Figure 5b).
Here, it is predicted that the helical structure of the macromolecule was the underlying factor for
different solvent uptake by SR and SR-K0.05 . The penetration of toluene into the matrix through the
coiled macromolecular structure could be arduous. The incorporation of kaolinite probably altered
this helical framework, thereby creating sufficient scope for toluene to penetrate into the matrix. As a
J.result,
Compos.SR-K
Sci. 2019,
x FOR PEER
REVIEWdegree of swelling than unfilled SR film.
10 of 13
displayed
a higher
0.05 3,

Figure 5. (a) Effect of toluene on percent weight loss (SR-K0.05 showed reduced weight loss compared
Figure 5. (a) Effect of toluene on percent weight loss (SR-K0.05
showed reduced weight loss compared
with unfilled SR); (b) degree of swelling vs. time (SR-K0.05 showed comparatively better swelling
with unfilled SR); (b) degree of swelling vs. time (SR-K0.05 showed comparatively better swelling
behavior in toluene than SR.).
behavior in toluene than SR.).
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thermal performance was found at 5% (w/w) kaolinite loading, which was firmly supported by SEM
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are expected to replace the existing expensive films used worldwide for numerous applications.
Finally, the study opens new doors for developing SR-based technology by incorporating naturally
available and environment-friendly kaolinite.
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