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ABSTRACT: Silicone rubber (SR)/Mg–Al layered double
hydroxide (LDH) nanocomposites were prepared by the so-
lution intercalation of SR crosslinked by a platinum-cata-
lyzed hydrosilylation reaction into the galleries of dodecyl
sulfate intercalated layered double hydroxide (DS–LDH).
X-ray diffraction and transmission electron microscopy anal-
ysis showed the formation of exfoliated structures of organo-
modified LDH layers in the SR matrix. The tensile strength
and elongation at break of SR/DS–LDH (5 wt %) were maxi-
mally improved by 53 and 38%, respectively, in comparison
with those of the neat polymer. Thermogravimetric analysis
indicated that the thermal degradation temperature of the

exfoliated SR/DS–LDH (1 wt %) nanocomposites at 50%
weight loss was 20�C higher than that of pure SR. Differen-
tial scanning calorimetry analysis data confirmed that the
melting temperature of the nanocomposites increased at
lower filler loadings (1, 3, and 5 wt %), whereas it decreased
at a higher filler loading (8 wt %). The relative improvements
in the solvent-uptake resistance behavior of the SR/DS–LDH
nanocomposites were also observed. VC 2010 Wiley Periodicals,
Inc. J Appl Polym Sci 119: 343–351, 2011
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INTRODUCTION

In recent years, organic/inorganic polymers and
inorganic material nanocomposites have attracted
great attention in many promising fields of research
because of their unique properties (e.g., improved
mechanical, thermal, and gas-barrier properties and
reduced flammability).1–5 The improvements in these
properties versus the neat polymers are strongly
influenced by both the dispersion nature and com-
patibility of the nanofillers in the polymer matrix.6

However, most research work has been focused on
naturally occurring clays such as montmorillonite.7

On the contrary, layered double hydroxides (LDHs),
also known as anionic clays, have been studied rela-
tively little because of the stronger interactions
between the hydroxide sheets, small gallery space,8

and hydrophilic nature of LDHs.9 However, because
of their extensive applications (e.g., catalysts, flame
retardants, and medical materials) and highly tuna-
ble properties, LDHs are considered a new emerging

class of materials used in the preparation of multi-
functional polymer nanocomposites.1,2,10,11 The LDH
structure consists of stacks of positively charged
mixed metal oxide/hydroxide layers that require the
presence of interlayer exchangeable anions to main-
tain overall charge neutrality. The most important
group of LDHs may be represented by the ideal
formula:

½M2þ
ð1�xÞM

3þ
x ðOHÞ2�An�

x=n �mH2O

where M2þ is a divalent cation (e.g., Mg2þ, Zn2þ, or
Ni2þ), M3þ is a trivalent cation (e.g., Al3þ, Cr3þ, or
Fe3þ), x is the ratio of M3þ to M2þ þ M3þ, and A is
an anion of valence n (e.g., Cl�, CO2�

3 , SO2�
4 , or

NO�
3 ). The small basal spacing of pristine LDHs

(� 0.76 nm)12 restricts the insertion of polymer
chains, so appropriate surface modification is
needed.2 Depending on the degree of dispersion of
the modified LDH layers in the polymer matrix,
exfoliated, intercalated, and exfoliated–intercalated
nanocomposites can be prepared. Interestingly, in
exfoliated nanocomposites, the individual LDH
layers are homogeneously dispersed in the polymer
matrix with a very large polymer/filler interface,
and this results in excellent improvements in the
physicochemical properties.2,6

Silicone rubber (SR) possesses excellent weather-
ability, good chemical stability, oxidation resistance,
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thermal stability, low-temperature toughness, electri-
cal-insulation properties, low surface energy, low
toxicity, and high optical transparency.13 As a result,
it is widely used for different applications such as
lubricants, sealants, adhesives, medical implants,
and electrical-insulation products.14 However, an
unfilled silicone elastomer usually has poor mechan-
ical properties and low thermal/electrical conductiv-
ity, and these properties are likely to be improved
by the reinforcement of SR with various inorganic
nanofillers. According to the available literature,
aerosilica is one of the most commonly used nanofil-
lers in the SR industry.15 However, because of its
expense, easy agglomeration, and health hazards,
attention has been focused on many other nanofil-
lers, such as organomodified montmorillonite,
hyperbranched organomontmorillonite, nanosilica,
carbon black, carbon nanotubes, graphite, and nano-
hydroxyapatite.16–18 However, the development of
SR nanocomposites with other available nanofillers
still remains unexplored. Therefore, this work deals
with the synthesis of SR/dodecyl sulfate intercalated
layered double hydroxide (DS–LDH) nanocompo-
sites by a solution-intercalation method and their
characterization by X-ray diffraction (XRD), trans-
mission electron microscopy (TEM), and scanning
electron microscopy (SEM). We have studied the me-
chanical properties, thermal stability, polymer crys-
tallinity, and swelling properties of these SR/LDH
nanocomposites.

EXPERIMENTAL

Materials

The commercially available SR Baysilone U10 (vinyl
content ¼ 0.05 mmol/g), a vinyl-terminated, linear
polydimethylsiloxane base polymer, and the cross-
linking agent Baysilone U430, a polysiloxane con-
taining silicone-bonded hydrogen atoms, as well as
a Pt catalyst complex were supplied by Momentive
Performance Materials (Bangalore, India). Ethynyl
cyclohexanol was purchased from Sigma–Aldrich
(Steinheim, Germany) and used as an inhibitor.
Mg(NO3)2�6H2O, Al(NO3)3�9H2O, Na2CO3, and car-
bon tetrachloride (CCl4) were purchased from
E. Merck (Mumbai, India). Sodium hydroxide (NaOH)
and sodium dodecyl sulfate (SDS) were obtained from
Quest Chemicals (Kolkata, India) and SRL (Mumbai,
India), respectively, to prepare DS–LDH.

Sample preparation

Preparation of Mg–Al LDH

Mg–Al LDH was prepared according to the copreci-
pitation method.19 Mg(NO3)2�6H2O (0.25 mol, 19.65
g) and Al(NO3)3�9H2O (0.75 mol, 9.25 g) were first

dissolved completely in 100 mL of H2O and added
dropwise to an aqueous solution containing 0.25 mol
(2.65 g) of Na2CO3 and 0.2 mol (8.00 g) of NaOH
with stirring; the pH was maintained at 8–9 with an
aqueous 1M NaOH solution. The white mass so
obtained was subsequently aged for 16 h at 80�C,
and this was followed by filtration and washing
with distilled water. Finally, the product was dried
under the ambient conditions for 24 h, and this was
followed by vacuum drying at 80�C for 24 h. Mg–Al
LDH (5 g) was calcined at 500�C for 6 h and dis-
persed at room temperature in a 200-mL aqueous so-
lution in which 4 g of SDS had already been dis-
solved. The temperature was then increased to 80�C
while stirring was continued for 12 h, and this was
followed by refluxing at 100�C for 6 h. This resulted
in the formation of a white product of organophilic
LDH (DS–LDH), which was filtered and washed
several times with distilled water to make it free
from the surfactant.

Preparation of the SR nanocomposites

SR/DS–LDH nanocomposites with various amounts
of DS–LDH (1, 3, 5, and 8 wt %) were prepared by
solution blending. For this, the desired amount of
DS–LDH was first dispersed in 25 mL of CCl4 at
80�C for 6 h and added to a solution of 10 g of SR
dissolved in 25 mL of CCl4. The resultant mixture
was stirred at 80�C for 8 h, and this was followed by
the addition of appropriate amounts of the catalyst,
inhibitor, and crosslinker (V430) with a 3 : 1 molar
ratio of the hydride (crosslinker) to the vinyl group
(SR) at room temperature. The requirement of such
inhibitor is to increase the work life of the composite
at ambient temperature by reducing the rate of
crosslinking.20 As a result, a crosslinking network
formed between the SR and crosslinker through a
hydrosilylation reaction,21 as shown in Scheme 1.
The thixotropic product so formed was outgassed
and transferred to a Teflon Petri dish and was sub-
jected to curing at 165�C for 15 min. The SR nano-
composite sheets, approximately 2 mm thick, were
formed by postcuring at 200�C for 4 h in a hot-air
oven. The same methodology was adopted for the
preparation of sheets of neat SR.

Characterization

Fourier transform infrared (FTIR) spectra of DS–
LDH, SR, and SR/DS–LDH (5 wt %) nanocompo-
sites were recorded with a PerkinElmer RXI FTIR
spectrometer (USA) over the wave-number range of
400–4000 cm�1. The changes in the gallery distance
of DS–LDH and its SR nanocomposites were meas-
ured with small-angle X-ray diffraction (SAXD) at
room temperature in the range of 2–10� on a
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PANalytical PW3040/60 X’Pert Pro (Holland) with
Cu Ka radiation (wavelength ¼ 0.1542 nm) at a scan-
ning rate of 3�/min. The nature of the dispersion of
DS–LDH in the SR matrix was analyzed with a
JEOL 2100 200-kV transmission electron microscope
(Japan). The sample for this purpose was prepared
via the ultramicrotoming of the neat SR and SR/DS–
LDH nanocomposites in the form of 80–100-nm-thick
slices cut at �150�C with a diamond knife. Tensile
properties were measured on a Tinius Olsen h10KS
(UK) according to ASTM D 412-98 at room tempera-
ture with a crosshead speed of 300 mm/min�1. The
samples were prepared in a standard dumbbell
shape; all measurements were repeated five times,
and the values were averaged. The morphology of
the gold-coated, tensile-fractured surface was
recorded with a JEOL JSM-5800 scanning electron
microscope with an acceleration voltage of 20 kV.
Thermogravimetric analysis (TGA) was carried out
with a PerkinElmer Redcroft 870 thermal analyzer at
a heating rate of 10�C/min over a temperature range
of 50–800�C in an N2 atmosphere with an initial
weight of approximately 5 mg for each sample. Dif-
ferential scanning calorimetry (DSC) studies were
performed with a PerkinElmer Pyris instrument at a
heating rate of 10�C/min under an N2 atmosphere.
The solvent-uptake capacity of the nanocomposites
was determined at 25�C in toluene with a gravimet-
ric method (ASTM D 471-98).

RESULTS AND DISCUSSION

Infrared (IR) analysis

Figure 1 shows FTIR spectra of DS–LDH, SR, and
the SR/DS–LDH (5 wt %) nanocomposite. A broad
absorption band over the range of 3700–3000 cm�1

with a peak maximum around 3506 cm�1 was due
to OAH stretching of hydroxyl groups of DS–LDH.
However, for its nanocomposite with SR, this peak

shifted to 3461 cm�1. This was possibly due to the
interaction between the DS–LDH layers and SR
chains.18 The absorption peak for the CAH stretch-
ing vibration of the SR/DS–LDH nanocomposite at
2906 cm�1 was more intense than that of the neat
SR. In addition, the characteristic absorption peaks
induced by SiAOASi in SR at 1096 and 1025 cm�1

shifted to 1108 and 1020 cm�1, respectively. Such
behavior suggests the existence of hydrogen-bond
interactions between the main chain of SR and DS–
LDH layers and is in line with the observations of
previous workers.18,22

XRD study

The SAXD patterns of DS–LDH, neat SR, and their
nanocomposites with various loadings of DS–LDH
are shown in Figure 2. In the case of DS–LDH, the
diffraction peak was observed at 2y ¼ 3.19�. This
corresponded to an interlayer distance (d003) equiva-
lent to 2.77 nm, which was almost 4 times higher
than that of the pristine LDH basal spacing. Accord-
ing to the literature,23 the chain length and sheet
thickness of dodecyl sulfate (DS) and LDH

Scheme 1 Schematic presentation of the hydrosilylation reaction forming the crosslinked silicone elastomer.

Figure 1 FTIR spectra for samples of (a) DS–LDH, (b)
neat SR, and (c) the SR/DS–LDH (5 wt %) nanocomposite.
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individually are 2.07 and 0.48 nm, respectively.
Therefore, the expanded basal spacing of approxi-
mately 2 nm between the LDH layers indicated that
the DS molecules were intercalated into the LDH
interlayer by an anion-exchange reaction, as illus-
trated in Scheme 2. This diffraction peak of DS–LDH
disappeared for the SR nanocomposites with DS–
LDH loadings of 1, 3, 5, and 8 wt %. This was due
to the loss of structure registry in the stacking direc-
tion of the hydroxide layers, which indicated the
possible formation of exfoliated hydroxide layers
dispersed in the SR matrix on a nanometer scale. A
network structure formed during the crosslinking
process, in which the crosslinker reacted with the
vinylic group of SR (Scheme 1). IR studies also
established earlier that hydrogen-bond interactions
existed between the polymer and AOH groups of
the DS–LDH layers, and this possibly contributed to
the exfoliation of the DS–LDH layers in the polymer
matrix;18 exfoliated SR/DS–LDH nanocomposites are
proposed according to Scheme 3. The absence of the
characteristic d003 peak of DS–LDH in SAXD for
all the nanocomposites indicated the uniform

Figure 2 XRD spectra of (a) DS–LDH, (b) neat SR, and
(c) SR/DS–LDH (1 wt %), (d) SR/DS–LDH (3 wt %), (e)
SR/DS–LDH (5 wt %), and (f) SR/DS–LDH (8 wt %)
nanocomposites.

Scheme 2 Schematic diagram of pure LDH and DS–LDH.

Scheme 3 Scheme of the intercalation process between DS–LDH and the SR matrix.
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dispersion of nanofillers but did not confirm the for-
mation of exfoliated nanocomposites. Therefore, a
complete characterization of the nanocomposite mor-
phology required investigation by microscopy.

TEM analysis

The TEM technique was used to confirm the exfoliated
dispersion of LDH nanolayers in the polymer matrix.
Figure 3(a) shows that the DS–LDH layers were well
dispersed in the SR matrix with the 5 wt % filler load-
ing, and this confirmed the formation of exfoliated
nanocomposites. The positions indicated by arrows in
Figure 3(a) also suggested that most of the exfoliated
DS–LDH nanolayers were tilted with respect to the
cutting section of the TEM specimen.1 This observation
is contrary to polymer/layered silicate exfoliation
nanocomposites, in which the exfoliated clay layers of-
ten have a face–face orientation because of the high as-

pect ratio of approximately 100.24 The thickness and
length of the individual exfoliated DS–LDH layers
were about 1.5–2.5 and 30–80 nm, respectively, and
they corresponded to an aspect ratio of approximately
10. The TEM image provides positive evidence for the
nanoscale dispersion of DS–LDH layers in the SR ma-
trix. However, with an 8 wt % filler loading, some
degree of aggregation was observed because of partial
exfoliation of the SR chains in the gallery of DS–LDH,
as shown in Figure 3(b).

Mechanical properties

Figure 4 shows the effect of DS–LDH on the me-
chanical properties of SR. According to this, the ten-
sile strength (TS) increased with increasing DS–LDH
content in SR and was maximum with the 5 wt %
DS–LDH loading; it was 53% higher than that of the
pure SR. This enhanced TS was mainly due to the
interaction between the SiAO polar groups of SR
and the AOH functionality of DS–LDH; this was
also supported by the IR studies discussed earlier.
Interestingly, the elongation at break (EB) gradually
increased with the DS–LDH content and was 38%
higher for the SR/DS–LDH (5 wt %) nanocomposite
versus the neat SR. Such improvement in TS and EB

Figure 3 TEM images of (a) SR/DS–LDH (5 wt %) and (b) SR/DS–LDH (8 wt %) nanocomposites.

Figure 4 Variation of TS and EB with the DS–LDH con-
tents for the SR/DS–LDH nanocomposites.

TABLE I
Mechanical Properties of Neat SR and SR/DS–LDH

Nanocomposites

LDH
content (wt %)

TS
(MPa)

EB
(%)

Young’s
modulus
(MPa)

Toughness
(MJ/m3)

0 0.32 193 0.32 0.395
1 0.36 240 0.39 0.588
3 0.43 245 0.44 0.678
5 0.49 268 0.49 0.845
8 0.40 261 0.41 0.668
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may be attributed to the platelet orientation or chain
slippage of DS–LDH in the SR matrix.25 Moreover,
the observed improvement in TS was comparable to
that for SR/organomontmorillonite and SR/aerosil-
ica, whereas EB was doubled with respect to that for
SR/aerosilica nanocomposites.15 The Young’s modu-
lus data in Table I follow a trend similar to that for
TS; the maximum Young’s modulus was found for
the SR/DS–LDH (5 wt %) nanocomposite, and it
was 42% higher than that for the pure SR. Tough-
ness is the energy per unit of volume before fracture,
and it can be calculated with the area underneath
the stress–strain curve, which quantifies the work
expended in deforming the material. Figure 5 shows
that the toughness of the SR/DS–LDH nanocompo-
sites increased with the filler loading increasing up
to 5 wt % and then decreased. Such behavior can be
attributed to the interaction between the DS–LDH
layer and SR. However, the observed reductions in
the TS, EB, and toughness values of the SR/DS–
LDH nanocomposites at a higher filler loading were
due to the aggregation of DS–LDH in nanocompo-
sites and reduced the filler–matrix interactions.16

Fracture surface morphology

Figure 6(a,b) displays SEM micrographs of tensile-
fractured surfaces of SR and its nanocomposites con-
taining 5 wt % DS–LDH. The SEM images clearly
show the presence of a larger smooth area for neat
SR. They also indicate uniform failure of the SR ma-
trix without any mechanically weaker region for
crack initiation. However, when 5 wt % DS–LDH
was added to SR, the surface was roughly fractured
with a large number of microvoids [indicated by the
arrow in Fig. 6(b)] around the dispersed nanopar-

ticles. This may be attributed to the entrapment of a
considerable amount of the polymer matrix within
the particle clusters,26 which absorbed energy during
deformation and led to the maximum improvements
in the mechanical properties of the polymer/LDH
nanocomposites. These results indicated secondary
cracks at the organic–inorganic interface and fracture
steps before unification with the propagating pri-
mary crack.27 The rough surface morphology of the
SR polymer nanocomposites also accounted for the
better mechanical properties similar to those of
many other organic polymer nanocomposites.28

TGA

The thermal stability of SR is superior to that of
many synthetic rubbers such as ethylene–propylene–
diene monomer rubber and polyurethane. However,
because of the presence of an inorganic siloxane
(ASiAOA) backbone and the helical structure of
the flexible main chain, SR decomposed into volatile
cyclic silicones above 300�C.29 Figure 7 shows the

Figure 5 Toughness of the SR/DS–LDH nanocomposites
with different weight percentages of DS–LDH.

Figure 6 SEM images of the tensile fracture surface mor-
phology of (a) neat SR and (b) the SR/DS–LDH (5 wt %)
nanocomposite.
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TGA curves of the neat SR and its nanocomposites
with different loadings of the DS–LDH filler, and
the data related to the thermal degradation tempera-
tures corresponding to the onset of degradation (T0),
10% weight loss (T10), and 50% weight loss (T50) are
recorded in Table II. TGA shows that both T0 and
T10 for all SR/DS–LDH nanocomposites were lower
than those for the neat SR. This may be due to the
dehydration of Mg–Al hydroxide sheets and thermal
degradation of DS alkyl chains.1 On the contrary,
when 50% weight loss was selected as a point of
comparison, the thermal degradation temperatures
(T50) for pure SR and SR/DS–LDH nanocomposites
containing 1, 3, 5, or 8 wt % DS–LDH were 510.7,
530.3, 528.9, 523, and 519.8�C, respectively. This indi-
cated that the thermal degradation temperature of
the SR/DS–LDH nanocomposites was approximately
9–20�C higher with respect to the neat SR, the maxi-
mum improvement being 20�C for a 1 wt % LDH
loading. This was higher than that of SR/organo-
montmorillonite and SR/aerosilica nanocompo-
sites.15 TGA curves also showed that the degrada-
tion rate at the midpoint was much slower than that
of the pure SR. This may be due to the hindering
effect of dispersed DS–LDH nanolayers, which pre-
vented the diffusion of nitrogen and tended to
reduce the rate of initiation of polymer chain scis-

sion to produce small, volatile products.30 However,
at the higher loading of DS–LDH (8 wt %), the ther-
mal stability of these nanocomposites decreased
because the relatively large DS contents of the com-
posites produced less stable charred layers during
the decomposition. Another possible reason is aggre-
gation of LDH layers, which could have led to the
formation of the heat source domains in the degra-
dation step.31 Table II shows that the percentage res-
idue of these nanocomposites increased with increas-
ing filler contents in SR. However, the amount of
residue was higher than what was expected on the
basis of the DS–LDH content only. This might have
been due to the charring of the polymer, which con-
sisted of carbonaceous char, silicon dioxide, and
MgO and Al2O3 residue.

32

DSC measurement

The crystal properties of pure SR and SR/DS–LDH
nanocomposites were studied with DSC; the find-
ings are displayed in Figure 8, and the data inferred
from them are tabulated in Table I. The melting tem-
perature (Tm) of neat SR was �46.76�C. The addition
of DS–LDH nanofillers to SR increased Tm, and its
value was maximum with a 3 wt % filler loading.
This may be attributed to the homogeneously dis-
persed DS–LDH layers in the SR matrix, which

Figure 7 TGA profiles of the SR/DS–LDH nanocompo-
sites with (a) 0, (b) 1, (c) 3, (d) 5, and (e) 8 wt % DS–LDH.

TABLE II
TGA and DSC Data for Neat SR and SR/DS–LDH Nanocomposites

LDH
content (wt %) T0 (

�C) T10 (
�C) T50 (

�C)
Residue at

700�C (wt %) Tm (�C)
Enthalpy of

crystallization (J/g)
Degree of

crystallinity (%)

0 418 444 510.7 0.8 �46.76 23.7542 63.46
1 412 442 530.3 1.2 �46.38 23.8413 63.69
3 404 436 528.9 1.8 �44.27 24.4697 65.37
5 390 428 523.0 3.3 �46.42 23.7173 63.36
8 368 418 519.8 5.1 �46.26 23.1024 61.72

Figure 8 DSC curves of (a) neat SR and (b) SR/DS–LDH
(1 wt %), (c) SR/DS–LDH (3 wt %), (d) SR/DS–LDH (5 wt
%), and (e) SR/DS–LDH (8 wt %) nanocomposites.
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restricted the mobility of the polymer chains. This
also implies that exfoliated DS–LDH layers might
serve as nucleating agents with a strong heterogene-
ous effect on the crystallinity of the SR matrix.

The degree of crystallinity (crystallinity percent-
age) of the pure SR and SR/DS–LDH nanocompo-
sites was determined as follows:

Crystallinity ð%Þ ¼ DH=DHth

where DH is the enthalpy of crystallization calcu-
lated via DSC for each sample and DHth is the en-
thalpy of fusion of SR (37.43 J/g).33 The degree of
crystallinity for neat SR was 63.4%, and it increased
with up to 3 wt % DS–LDH. This increase in the
crystallinity of pure SR in the presence of DS–LDH
may be attributed to the strong interaction between
SR and DS–LDH layers, which in turn probably
forced polymer chains to orient in a regular man-
ner.15,34 At a higher filler loading, the crystallinity of
SR decreased because the crystal domains of the
polymer chains were affected by DS–LDH layers.

Swelling properties

Solvent uptake depends on the filler reinforcing
strength, which depends on the filler surface area
and agglomerate structure. To understand more
about SR/DS–LDH nanocomposites, the degree of
polymer–filler interaction was calculated from equi-
librium swelling in solvents with the Flory–Rehner
equation.34 Figure 9 shows the influence of DS–LDH
on the toluene-uptake properties of pure SR and
SR/DS–LDH nanocomposites. The solvent-uptake
capacity decreased from the surface to the bulk
region of the SR nanocomposites with up to a 5 wt
% filler loading of DS–LDH. Such behavior has also

been observed for SR/montmorillonite,16 SR/nano-
silica,17 and so forth. This may be attributed to the
strong interaction between SR and DS–LDH (form-
ing a bound polymer) and polymer chains in close
proximity to the reinforcing filler (DS–LDH), which
was either physisorbed or chemisorbed to restrict
the solvent uptake.35 Alternatively, there is the pos-
sibility that the solvent-resistance properties of the
SR/DS–LDH nanocomposites increased up to a 5 wt
% filler loading because of the excellent barrier
properties of the high-aspect-ratio (ca. 10) DS–LDH
layers and the exfoliated structure of DS–LDH,
which maximized the available surface area of the
reinforcing phase. Therefore, the exfoliated structure
and large surface area of the DS–LDH layers (251
m2/g)36 were favorable to the solvent-resistance
properties of the SR/DS–LDH nanocomposites.
However, at higher DS–LDH loadings, an increase
in the solvent uptake was observed because of the
aggregation of DS–LDH layers in the polymer
matrix.

CONCLUSIONS

Exfoliated SR/DS–LDH nanocomposites were suc-
cessfully prepared by the solution intercalation of SR
in DS–LDH. XRD and TEM analysis confirmed that
the dispersion of DS–LDH nanolayers (30–80 nm
long) was homogeneous throughout the polymer
matrix. The maximum improvements in TS (53%)
and EB (38%) were achieved for the SR/DS–LDH
(5 wt %) nanocomposites. The thermal stability of
the SR/DS–LDH nanocomposites increased by
approximately 9–20�C in comparison with neat SR.
DSC analysis showed that Tm of the SR/DS–LDH
(3 wt %) nanocomposites (�44.27�C) was higher
than that of neat SR (�46.76�C). Swelling property
analysis confirmed improvements in the solvent re-
sistance of the SR/DS–LDH nanocomposites with
respect to the neat polymer.
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