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Impact of filler geometry and surface chemistry
on the degree of reinforcement and thermal
stability of nitrile rubber nanocomposites
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Abstract The morphological, mechanical, and thermal
stability of Nitrile rubber nanocomposites reinforced with
fillers such as layered silicate (LS), calcium phosphate (CP)
and titanium dioxide (TO) having different particle size and
chemical nature were analyzed. The results revealed that
the filler geometry played an important role on the
mechanical and thermal stability of the composites.
Calcium phosphate and titanium dioxide filled systems
showed comparatively better mechanical and thermal
stability compared to neat rubber. The activation energy
needed for the thermal degradation was found to be higher
for layered silicate filled system. DSC (Differential Scanning
Calorimetry) analysis revealed a change in the Tg values as a
result of the addition of fillers. This was more prominent
with the case of layered silicate filler addition in comparison
with calcium phosphate and titanium dioxide. The heat
capacity values of the nanocomposites were carefully
evaluated. The (ΔCp) with values obtained for different

nanocomposites were correlated with the degree of rein-
forcement. It can be assumed that more polymer chains are
attached on to the surface of the filler and there exists an
immobilized layer around the filler surface and the layers do
not take part in the relaxation process. The FTIR spectrum of
the different samples highlighted the possible filler matrix
interaction. The filler dispersion and aggregation in the
polymer matrix were analyzed using X-ray diffraction
studies (XRD), transmission electron microscopy (TEM),
and atomic force microscopy (AFM).

Keywords Nitrile rubber. Nanocomposites . Layered
silicate . Calcium phosphate . Titanium dioxide .

Thermogrvimetric analysis . Differential scanning
calorimetry

Introduction

In recent years, organic–inorganic nanometer composites
have attracted great interest from researchers since they
frequently exhibit unexpected hybrid properties synergisti-
cally derived from two components. One of the most
promising composites systems would be hybrids based on
organic polymers and inorganic clay minerals consisting of
layered structure, which belong to the general family of 2:1
layered silicates [1]. There is a great interest in polymer-
clay nanocomposites. Polymer–clay nanocomposites have
been shown to exhibit a significant increase in thermal
stability [2]. For engineering applications of polymeric
materials it is very essential to get the information about
thermal stability and degradation. The dispersion of the clay
within the polymer has significant influence on the thermal
properties of the material due to characteristic structure of
layers in polymer matrix and nanoscopic dimensions of
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filler particles. The level of surface activity of the filler
directly influences the thermal stability of the resulting
compound. In general, filler loading in polymers can
enhance the tensile as well as thermal properties to a
considerable extent. The poly (methyl methacrylate)
(PMMA)-montmorillonite (MMT) clay nanocomposites
were synthesized by two different techniques namely,
ultrasonic mixing and magnetic stirring by Rajan et al. [3]
and found that the thermal stability was increased by nearly
30% for ultrasonic mixing than that by magnetic stirring
due to very fine dispersion of the clay in the matrix.
Bourbigot et al. [4] studied the thermal stability of
polystyrene nanocomposites and found that the addition of
nanoclay increases the thermal stability of the PS/clay
composites. The thermogravimetric analysis of self-
assembled poly(vinyl alcohol)/silica (PVA/SiO2) by Peng
et al. [5] showed that the nanocomposite significantly
outperforms the pure PVA in the thermal resistance . Mohan
and co-workers [6] investigated the thermal properties of
Diglycidyl ether of bisphenol-A (DGEBA) epoxy resin
system (diamino-diphenylmethane (DDM) hardener filled
individually with organoclay and unmodified clay and
found that organoclay fillers exhibited good thermal
properties than that of epoxy with unmodified clay fillers.
Ma et al. [7] observed that the glass transition temperature
and thermal degradation temperature of zinc oxide/polysty-
rene nanocomposite increased with ZnO content. The
thermal stability of the NR/SiO2 nanocomposite were
studied and found that the degradation temperatures,
reaction activation energy, and reaction order of the nano-
composite are markedly higher than those of the pure NR,
due to significant retardant effect of the SiO2 nanoparticles
[8]. Studies on the thermal behavior and flammability
properties of the heterophasic polypropylene- (ethylene-
propylene) copolymer (PP-EP)/poly(ethylene vinyl acetate)
(EVA)/montmorillonite nanocomposite by Valera et al. [9]
revealed that nanoclays retard thermal degradation depend-
ing on nanoclay concentration. The retarding process was
assigned to the exfoliation and dispersion of the silicate
layers which impeded heat diffusion to the macromolecules.
The thermal stability of nanofiller reinforced various
polymers have been analysed by a number of workers
[10–16] and found that the nanocomposites of all polymers
exhibited an enhancement in thermal stability with the
dispersion of the nano fillers. The enhancement in glass
transition temperature and improvement in the thermal
stability of NBR/Na-MMT nanocomposites were reported
by Kader et al. [17]. Nitrile rubber is one of the most
widely used, commercialised and mass produced special
purpose elastomer. Because of its good processability,
resistance to oil, fuel, and chemicals as well as its good
mechanical properties after vulcanization, NBR has found a
variety of applications in sealants, hoses, belts, shoes, and

brake linings. However, NBR exhibits poor mechanical
properties without vulcanization and reinforcing fillers.
Therefore, much attention has recently been given to the
preparation of nitrile rubber nanocomposites using suitable
nanofillers. The nanocomposites derived from nitrile rubber
(NBR) have been investigated extensively with respect to
morphological and rheological properties [18], mechanical
and dynamic mechanical properties [19], gas barrier
properties [20, 21], fracture behaviour and cure properties
[22, 23]

The present study focused on the morphological,
mechanical and thermal behaviour of sulfur vulcanized
nitrile rubber in presence of fillers like layered silicate (LS),
calcium phosphate (CP) and titanium dioxide (TO). These
fillers have different particle size, shape and surface
chemistry; hence the impact of these fillers on the
morphological, mechanical and thermal behaviour of the
polymer matrix (Nitrile rubber) has been studied in this
present work.

Experimental

Materials

The nitrile butadiene rubber (NBR) under the trade name
(NBR-553) having Mooney viscosity (ML1+4 100

°C) 40.00
and bound acrylonitrile content 33.90% was supplied by
Apar Industries, Mumbai. The layered silicate (I.44P) was
obtained from Nanocor China. Nanomer I.44P is onium ion
modified MMT clay containing 60% clay (CAS No. 1318-
93-0) and 40% dimethyl dialkyl (C14-18) ammonium
organic modifier. Calcium phosphate in the nanometre
(particle size 40 nm) range was prepared in our laboratory
by Thomas et al. [24] and titanium dioxide under the trade
name KEMOX-RC 800PG, having particle size 190 nm
was supplied by Kerala Minerals and Metals Ltd (KMML),
Kollam, Kerala, India. The compounding ingredients, such
as vulcanising agents and accelerators were procured from
M/s Bayer India Ltd., Mumbai.

Sample preparation

Different samples were prepared according to the specified
formulations given in Table 1. The mixing process was
carried out using a laboratory two roll-mixing mill (150mm
X 300mm) at a friction ratio 1:1.4. The machine was water
cooled during the mixing operation. The compounding was
performed at room temperature keeping the nip gap; mill
roll speed ratio and the time taken (16 min overall time)
same in all the samples. The samples were designated as
NBR/TO, NBR/CP and NBR/LS representing various
fillers such as TiO2, Ca3(PO4)2 and layered silicate
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(MMT) respectively in sulphur vulcanizing system. The
fillers were heated in an oven at 100°C for 8 h to remove
the moisture, kept in a desiccator and used for the
composite preparation. NBR was first masticated for
2 min before the ingredients were added in the same order
as mentioned. The samples were cured at 160°C in an
electrically heated hydraulic press to their respective cure
time (t90) at a pressure of 150 kg/cm2 to get sheets of
thickness 1.5mm (approximately).

Analysis and characterization

The morphology of the cryofractured composites was
analyzed by using small angle X-ray scattering (SAXS),
transmission electron microscopy (TEM) and atomic force
microscopy (AFM) techniques. X-ray diffraction patterns of
the nitrile rubber nanocomposites were taken using Ni-
filtered Cu-Kα radiation at a generator voltage of 60 kV,
and a generator current of 40 mA and wavelength of 0.154
nm at room temperature (Bruker–D 8). Transmission
electron micrographs of the samples were taken in a LEO
912 Omega transmission electron microscope with an
acceleration voltage of 120kV. The specimens were pre-
pared using an Ultra cut E cryomicrotome. Thin sample
specimens of about 100 nm were obtained with a diamond
knife at −100°C. Atomic force microscopy was done with
Park systems (XE-100 AFM), South Korea. The samples
for AFM were prepared by cryogenically fracturing them in
liquid nitrogen, and the topographic AFM images were
obtained. The FTIR spectra were taken in a Thermo
Nicoletet (5700-USA) specrtophotometer.

The curing properties were studied using Elastograph
“Vario” 67.98 (Gottfert; Germany) rheometer by placing 7–
10 g of the different samples in the heating chamber of the
rheometer operated at 160°C. Torque maximum, torque
minimum, scorch time and cure time were obtained from
the rheometer observations. Separate rheographs were taken
for each composition (sample) to get the respective cure

time. Tensile and tear tests were performed on dumbbell
and crescent shaped specimens according to ASTM stand-
ards D 412 and D 624 on Instron 4411(England) UTM at a
cross head speed of 500 mm/min and 100 mm/min
respectively.

The thermogravimetric analysis of the composites was
carried out in Perkin-Elmer TGA analyzer. About 3–5 mg
of the samples was thermally degraded in a nitrogen flow of
30cm3min−1 in the thermo balance at a heating rate of 10°C
min−1. The samples were scanned from 30°C to 600°C at a
heating rate of 10°C min−1. From the TGA curves, the
thermal degradation characteristics were calculated. The
change in glass transition temperature was noticed using
Perkin–Elmer DSC thermal analyzer. In this process about 5
mg of the samples were heated from −50°C to 90°C under
nitrogen atmosphere with a programmed heating rate of
10°C/min. All TGA and DSC measurements were done in
triplicate with high reproducibility.

Results and discussion

Curing behaviour

The vulcanization characteristics are expressed in terms of
torque (min), torque (maxi), scorch time ts1, optimum cure
time t90, cure rate (t90-ts1) and torque increase. The
rheological properties of the gum and nanocomposites at
10 phr (parts per hundred rubber) filler loading (TO, CP
and LS) are given in Fig. 1. The increase in maximum and
minimum torques as well as their difference is higher in the
case of LS and CP filled system compared to TO filled
composites. This implies that there is some reinforcement

Table 1 Composition of the NBR nanocomposites

Ingredient Quantity (phr)

NBR 100

Zinc oxide 5

Stearic acid 1

TDQ 1

CBS 0.75

Sulfur 2

Fillers (LS, CP & TO) Variable(0,5,10,15,20)

LS: Layered silicate; CP: Calcium phosphate; TO: Titanium dioxide

CBS: N-Cyclohexyl benzothiazole-2-sulphenamide

TDQ: 2,2,4 Trimethyl-1, 2 dihydroquinoline
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Fig. 1 Cure characteristics of nanocomposites at 10 phr of filler
loading
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effect for both LS and CP on the polymer matrix. This
happens when fillers are intercalated and/or exfoliated. The
maximum values torques associated with LS filled system
can be attributed to the intercalation/exfoliation of the
layered silicate by nitrile rubber matrix [19]. The curing
time t90 values indicate that both LS and CP accelerates the
vulcanization. In the case of LS this effect is observed for
other rubbers (Natural Rubber, Chlorobutyl rubber etc.),
and this effect is due to the formation of a transitional metal
complex in which the sulphur and amine groups of the
intercalants participate in the complex formation [25, 26].
The scorch time analysis showed that there is marginal
decrease in scorch time as a result of the addition of TO
filler and this indicates that the TO filler, as such, has little
influence on the cure reactions of nitrile rubber due to their
inert chemical nature. However surface modified layered
silicate and CP fillers showed comparatively more reduc-
tion in the scorch time of the nitrile rubber. These fillers
behave like a vulcanizing accelerator for NBR decreasing
the scorch time. Such accelerating effect has already been
reported by Wu et al. in NBR/organosilicate system [27].
This may be due to the complex formation with amines and
sulphur containing compounds which facilitates the forma-
tion of elemental sulphur and this is the reason for the slight
variation in scorch time and cure time of the filled nitrile
rubber systems.

Morphology of the nitrile rubber nanocomposite samples

Figure 2 shows the X-ray diffraction of layered silicate and
their NBR hybrids. No peak was observed for pure NBR,
indicating its amorphous nature. Layered silicate exhibits a
single peak at 2θ of 3.77°. When small amount of LS was
incorporated in NBR, peak shifted to 2.12,

° which is an
indication of the fact that the LS is partially exfoliated or

intercalated at this particular filler loading. Again at 10 phr
layered silicate loading; a single prominent peak appeared
at an angle of 2θ of 2.58,

° which is slightly higher than that
observed at 5 phr filler loading. However at higher filler
loading (20 phr) peaks were observed at 2.89°, 4.71° and
9.37°. The first peak at 2.89° testifies the intercalation of the
polymer matrix in to the layered silicate structure, whereas
the two peaks observed at 4.71° and 9.37° are attributed to
the de-intercalation or particle agglomeration at higher filler
loading. Similar results have been appeared in the literature
[19, 27]. The calcium phosphate and titanium dioxide filled
systems showed no reflections (2θ>15°).

The interaction between the filler and the matrix, which
resulted in the exfoliation/intercalation of the matrix
between the layers of the filler, can be observed from the
TEM pictures of the nanocomposites which are displayed in
Fig. 3. These pictures provide clear evidence for the
delamination of NBR matrix in the layered silicate. TEM
micrograph of NBR/LS nanocomposites at 10 phr reveals
that there is minimum agglomeration of the layered silicate
in the NBR matrix, and the layered silicate appears to be
dispersed more uniformly in comparison with other fillers
namely CP and TO. Particle agglomeration is appeared in
the NBR/CP and NBR/TO composites, which resulted in
the less effective interaction between the polymer matrix
and fillers. AFM images of the surfaces of the composites
were analyzed to understand filler dispersion behaviour in
the matrix. The phase images of the virgin polymer and the
composites with different fillers at 10 phr loading were
given in Fig. 4a-d. Figure 4a shows the phase image of the
neat matrix. It can see seen that the neat matrix shows a
smooth surface in comparison with other filler loaded
samples. The comparison of surfaces (Fig. 4b-d) revealed
that more uniform particle dispersion is associated with
layered silicate. Hence it can be concluded that effective
filler-matrix interaction follows the order NBR/LS>NBR/
CP >NBR/TO

The possible strong interactions or chemical reactions
that take place between the filler and the polymer in a
polymer nanocomposites can be illustrated with the help of
Infrared spectra of the samples [28, 29]. Figure 5 shows
FTIR spectra over a frequency range of 900–1,700 cm−1 of
the nanofillers, cured nanocomposites and pure NBR.
Absorption peaks are observed at 970 (C-S not linked to
N) and 1250 (C-S linked to N) cm−1, which are character-
istic of cured pure NBR compound. The peak at 1,040 cm−1

attributed to sulfoxide stretching vibrations. A medium and
broad absorption band at approximately 1085cm−1

and 1,055 cm−1 appears in the spectra indicating that a
strong interaction between the hydroxyl group of layered
silicates and the curative reaction products exists and which
in turn results in a new absorption peak in the NBR
nanocomposite. This can be attributed to the strong
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Fig. 2 X-ray diffraction pattern of nitrile rubber nanocomposites
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interaction between the intercalated NBR chains and
organosilicate layers [30]. In the case of NBR/CP system,
there are two peaks appearing at 1,125 cm−1 and
1,020 cm−1 and this may be due to the strong interaction
between CP particles with that of -CN group of nitrile
rubber matrix. On closer examination of NBR/TO spectral
lines we can see that the spectral lines characteristic for the
TO filled system is just ditto of the neat rubber. Hence it
can be concluded that there is no effective interaction
between the TO filler and the nitrile rubber. This is another
reason for the relatively poor property enhancement for the
TO filled system.

Tensile and modulus analysis

Figure 6 indicates that the tensile strength is higher for all
loadings containing layered silicate in comparison with CP
and TO, which is an indication of good intercalation/
exfoliation of nitrile rubber segments into the silicate layers.
An increase of 348% is noticed in NBR/LS system, which
is attributed to a very good filler- matrix interaction in
presence of the sulphur-sulphur network [31]. Whereas in
NBR/CP system the percentage increase in tensile strength
is only 110% and this can be attributed to the fact that in
NBR/CP system the CP particles are neither exfoliated nor
intercalated and due to this they show very poor binding
action with the nitrile rubber segments because of the less
availability of surface area per unit volume of the filler. In
NBR/TO system, the tensile strength increase is only 84% due
to the more spherical nature and increased particle size of TO,
which further reduces the surface area per unit volume of the
filler available for interaction with the NBR polymer matrix.
Thomas et al. studied the mechanical properties of TiO2 filled
polystyrene (PS) and found that the increase in tensile
strength is maximum at 5 wt.% addition of TiO2 [32]. From
the tensile variations it can be concluded that the intercala-
tion/exfoliation phenomenon of the polymer matrix is almost

negligible with TiO2 due to the more spherical shape of the
filler or due to non-intercalation of the filler particle. .The
overall tensile performance of different fillers in convention-
ally vulcanized nitrile rubber is in the order of NBR/
LS>NBR/CP >NBR/TO>gum.

Modulus enhancement

The enhancement of modulus at different elongations of the
nanocomposite material is shown in Fig. 7. The enhance-
ment can be attributed to the strong intercalation/exfoliation
of the layered silicate with the polymer matrix because of its
peculiar particle geometry. At 300% elongation NBR/LS
system showed an enhancement of 198% whereas at the
same conditions NBR/CP showed an increase of 63% and at
the same time NBR/TO showed only 22% increase. In all the
above three cases the loading was 20phr. From the results it
is obvious that the addition of layered silicate resulted in the
tremendous increase of modulus due to the nanometric
dispersion of the silicate layers giving efficient reinforcement
leading to improved stiffness of the material. Since the fillers
have different chemical natures, the extent of their inter-
actions with polymer matrix will be of different magnitude,
which is clearly depicted in Fig. 7. The high aspect ratio of
the layered silicate results in improvement in stiffness of the
nanocomposite. In the case of CP and TO, the reinforcing
efficiency is less due to spherical nature, which resulted in
the minimum availability of surface area of the filler for
getting effective contact with the polymer matrix. Yoon et. al
[33] reported an enhancement in modulus for NBR/modified
MMT with vinyl group nanocomposites as a result of
nanometric dispersion of the layered silicate.

Analysis of the thermogravimetric data

Polymeric materials are subjected to various types of
degradation ranging from thermal degradation to biodegra-

Fig. 3 TEM pictures of nitrile
rubber nanocomposites at 10 phr
filler loading (a) NBR/LS (b)
NBR/CP and (c) NBR/TO
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dation. Thermal degradation studies involve the measure-
ment of the changes in weight of the material as a result of
heating in presence of an inert atmosphere or in presence of
air/oxygen. One of the most well accepted methods for
studying the thermal properties of polymeric materials is
the thermogravimetric analysis. The integral (TGA) and
derivative (DTG) thermogravimetric curves provide infor-
mation about thermal stability and extent of degradation of
the polymeric material. The heating process brings a lot of
changes in the material and finally leaves behind inert
residue. In all the cases, at around 100° C, moisture present,
if any will be eliminated. Further heating will remove the

organic matter and leaving behind the inorganic fillers as
residue.

The thermal behaviour (TGA) at the heating range of
30°C to 600°C of the neat polymer and the layered silicate
filled samples are shown in Fig. 8. At lower temperature,
there is no considerable change in the material behavior of
the filled samples and gum. As the temperature increases
degradation starts showing enhanced stability of layered
silicate filled systems. The degradation of NBR starts at
351°C whereas that of NBR/LS20 phr starts at 369

°C. This
may be due to the intercalation/exfoliation of the polymer
matrix with the silicate particles, which resulted in a strong

Fig. 4 AFM images of virgin polymer and composites at 10 phr loading (a) neat rubber (b) NBR/LS (c) NBR/CP (d) NBR/TO
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barrier effect, preventing the thermal degradation to a
certain extent and this observation is an indication of the
fact that NBR/LS 20 is stable up to a temperature of 369°C

in nitrogen atmosphere. As a general trend, thermal stability
increases with the increase in filler loading but at 15phr and
20phr, nano composites exhibit almost same trend towards
thermal stability revealing the fact that higher loading of the
filler is not required for thermally stable nitrile rubber
system.

The thermal behaviour of CP and TO filled nitrile rubber
nanocomposites are shown in Figs. 9 and 10. The curves
indicate that the addition of CP and TO fillers to the matrix
marginally increased the thermal stability of the polymer.
The less effective thermal protection by these fillers in
comparison with LS may be due to the minimum
availability of surface area which is a measure of length
to breadth ratio of the fillers, to be interacted with the nitrile
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rubber matrix. But in the case of layered silicate the high
aspect ratio enables the filler to act as good reinforcing
material with the polymer matrix. One can conclude that
the thermal stability enhancement as a result of the addition
of CP and TO follows almost similar path. It is generally
believed that the inclusion of inorganic components into
organic materials can improve their thermal stability [34].
The maximum onset degradation temperature with filler
loading is displayed in Fig. 11. The graph revealed that
highest degradation temperature is associated with layered
silicate filled system, which is an indication of the better
thermal stability of the system. Again, it can be observed
from the graph that the thermal stability increased with the
increase in filler content. This is due to the fact that the
availability of surface area, because of high aspect ratio of
the filler per unit volume of the matrix has been increased

which acted as protective layer against the thermal
degradation.

Kinetic parameters for thermal decomposition

The kinetic parameters for the thermal decomposition of
nitrile rubber nanocomposites with fillers of different particle
size and chemical nature were analyzed by applying an
analytical method proposed by Coats–Redfern [35].

It is an integral method for the calculation of activation
energy and the following equation is used
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where α is the decomposed fraction at any temperature and
is given by the expression a ¼ Ci�C

Ci�Cf
where C is the weight;

at the temperature chosen, Ci is the weight at the initial
temperature and Cf is the weight at final temperature, β is
the heating rate, E is the activation energy for decomposi-
tion. The activation energy and the pre-exponential factor
(A) were determined from the plot of log {−log(1-α)/T2}
against (1/T) which is shown in Fig. 12.

The activation energy values obtained for various filled
nitrile rubber samples are presented in Table 2. From the
data it can be inferred that the addition of nanofillers
increases the activation energy, for the thermal degradation
of the polymer. The higher value of activation energy is an
indication of the relatively better thermal stability of the
system. Noticeable increase in the activation energy value is
observed in the case of layered silicate filled sample and it
can be explained on the basis of strong intercalation/
exfoliation of the polymer matrix with the filler. The
exfoliation/intercalation pattern is also clear from the
TEM pictures. This will result in the creation of a barrier
effect of the silicate layers on the surface of the NBR matrix.

Differential scanning calorimetric analysis (DSC)

In the case of polymer nanocomposites, the DSC measure-
ments are useful for the identification of the extent of
intercalation/exfoliation of the nanoparticles in the matrix.
The segmental mobility of the polymer matrix is greatly
affected by the interactions of the intercalated/exfoliated
polymer chains with the nano fillers thereby increasing the
glass transition temperature of the polymer. In the present
study, DSC measurements were performed at a temperature
range of –50°C to 90°C. The DSC curve of NBR showed the

glass transition (Tg) at −19.51°C whereas the layered silicate
nanocomposite showed the glass transition (Tg) at a higher
temperature with an increase of 7.4° C (i e −12.11°C) at
10phr filler loading. The increase in Tg of the nano-
composites might be due to (i) the effect of a small amount
of dispersed clay on the free volume of polymer and (ii) the
confinement of the intercalated/exfoliated polymer chains
within the clay galleries, which resists the segmental motion
of the polymer chains as reported by Lu et al. [36]. The
observed Tg values of CP and TO filled samples at 10phr
loading are −16.24°C and −18.52°C respectively. Since the
Tg values are an indication of segmental mobility of polymer
in presence of fillers, the addition of layered silicate restricts
the segmental mobility more effectively than TO and CP.
This observation can be attributed to the effective intercala-
tion of the layered silicate due its particle geometry. Figure 13
describes impact of filler addition on the glass transition (Tg)
values of nitrile rubber nanocomposites. From the Tg values,
it is clear that the overall intercalating efficiency of the filler
with the matrix varies in accordance with the filler geometry.
Filler with layered structure effectively intercalates with the
matrix due to the availability of more surface area per unit
volume producing considerable change in the Tg value in
comparison with more spherical fillers. Hence based on the
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Fig. 12 Coats –Redfern plots of nitrile rubber nanocomposites at 10
phr filler loading

Sample Activation energy
(kJ/mol)

NBR 311.0

NBR/TO 324.8

NBR/CP 345.6

NBR/LS 355.9

Table 2 Activation energy
for the degradation of
nanocomposites at 10phr
filler loading
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Fig. 13 DSC thermogram of NBR and nanocomposites with different
fillers at 10 phr loading. (The glass transition temperature (Tg) of
samples are indicated by arrows at a heating rate of 10° C/min)
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filler geometry and Tg values, the intercalating efficiency
varies in the order LS > CP >TO.

A plot of change in heat capacity (ΔCp) against filler
loading is shown in Fig. 14. The ΔCp values obtained for
different nanocomposites were correlated with the degree of
reinforcement. It can be assumed that more polymer chains
are attached on to the surface of the filler and there exists an
immobilized layer around the filler surface and the layers
do not take part in the relaxation process. A schematic
representation is given in Fig. 15. The picture shows the
relative abundance of nitrile rubber or polymer matrix on
the surface of the layered silicate filler. The ΔCp value for
NBR was calculated using the parameters from ATHAS
databank and it was found to be 0.79. Our experiments also
showed a similar result. The filler addition will naturally
decrease the ΔCp values for the polymer, as fillers do not
contribute anything towards specific heat capacity. There-
fore the ΔCp value for filler is taken as zero. If there is no
interaction between the filler and the polymer the compo-
sites should follow the linear path shown in the figure.
However, it is not the case for the all the three filled
systems. This is another reason indicating that there exists a
strong interaction between the polymer matrix and layered
silicate resulting out of the polar-polar reactive mechanism.
Nitrile rubber being polar might be interacting with
hydroxyl group present on the silicate filler thereby
reducing the segmental mobility considerably. This is the
reason why layered silicate filled sample showed minimum
ΔCp value in comparison with CP and TO filled system.

Mathematical modeling

The overall mechanical property variations are associated
with the loading of nano fillers having different particle size

and these variations can be explained on the basis of
particle geometries and their respective surface area to
volume ratio. In the case of fillers the surface area per unit
volume is inversely proportional to its diameter, thus, the
smaller the diameter of a particle the greater the surface
area per unit volume. The approximate surface to volume
ratio of the filler can be calculated as follows [37].

For a spherical particle

Surface area ¼ 4pr2 ð2Þ

Volume ¼ 4

3
pr3 ð3Þ

Where r is the radius of the particle.
Hence surface area to volume ratio is 3/r which shows

that particles with larger size (diameter) will provide less
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Fig. 15 Schematic representation of the relative abundance of
polymer matrix on the surface of the filler
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Fig. 16 Pictorial representation of the filler shape (a) TO and (b) CP
with surface area/volume ratio is 3/r (c) Layered particle with surface
area/volume ratio is 2/t + 4/l
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surface area per volume for interaction with the polymer
matrix. This case is applicable with TO filled systems
where large size of the filler particle reduces the availability
of surface area per unit volume for interaction with the
matrix resulting in poor tensile properties. The CP particles
are comparatively small in size and hence by applying the
above argument the availability of surface area per unit
volume will be more; resulting in better tensile properties.

For a layered material,

Surface area ¼ 2l2 þ 4lt ð4Þ

Volume ¼ l2t ð5Þ

Where l is the length of the layered material and t is the
thickness.

Here surface area to volume ratio is 2=t þ 4=l. The
second term in the equation has very small influence
compared to the first term and therefore it is often omitted.
Therefore, logically, a change in particle diameter or layer
thickness from micrometer to nanometer range will affect
the surface area to volume ratio to a very large extent. The
layered silicate having thickness in the nanometer range
will have large surface area to volume ratio and therefore
the availability of surface area per unit volume is higher in
comparison with TO and CP. This enables a very good
interaction with the polymer matrix resulting in enhanced
tensile properties. Based on the above argument a pictorial
representation can be given to the fillers having spherical
and layered structures for their matrix filler interaction,
which is represented in Fig. 16.

Conclusion

In this study NBR nanocomposites were successfully
prepared by two roll mixing method using three different
fillers, namely calcium phosphate, titanium dioxide and
nano silicate. The XRD characterization of nanocomposites
revealed the existence of intercalated/exfoliated structures.
In comparison the nanoclay had a more pronounced impact
on the mechanical and thermal properties of the NBR
composites compared to TO and CP fillers. The TEM and
AFM images revealed the presence of well-dispersed
silicate layers in the NBR matrix in comparison with CP
and TO fillers indicating further that the silicate layers had a
more pronounced reinforcement effect on NBR compared
to CP and TO fillers. NBR nanocomposites with fillers of
different particle geometry exhibited enhanced mechanical
and thermal stability in comparison with unfilled NBR.
FTIR studies revealed the presence of strong interaction
between layered silicate and polymer matrix and hence

NBR nanosilicate composites showed very good mechan-
ical and thermal properties. The enhancement in mechanical
and thermal stability as a result of the incorporation of the
fillers was attributed also due to the extent of the
availability of surface area for strong interaction with the
polymer matrix. Glass transition values showed a marginal
change with the nature of the filler geometry. Fillers with
layered structure reduced the segmental mobility more
effectively than fillers with more spherical structure result-
ing in the minimum heat capacity value of the layered
silicate filled system. Similarly the activation energy needed
for the thermal degradation of the layered silicate filled
sample is found to be higher than that of gum and other
filled samples. The mathematical modeling of various
fillers was also done and was found to be in agreement
with the experimental results.
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