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Obstract

Nitrile rubber (NBR) nanocomposites with different contents of synthetic Somasif ME-100 mica (sodium-fluorohectorite) 
were obtained by melt compounding using a Semi Efficient curing system. The effect of curing on the nanocomposties was 
evaluated through rheometric properties, crosslink density (CLD) and mechanical properties. The ME-100 mica dispersion 
in NBR was assessed by transmission electron microscopy (TEM), the Payne effect and thermodynamic properties (ΔS and 
ΔG). Both the curing parameters and CLD pointd out that the addition of ME-100 directly affects crosslinks formation. It 
could also be observed that the nanofiller dispersion state is complex, exhibiting exfoliated and agglomerated structures 
(TEM); besides, agglomerations rose linearly as the nanofiller was added (the Payne effect). Notwithstanding these findings, 
and on the basis of unfilled formulations, NBR20 nanocomposite showed improvement in mechanical properties (tensile 
and tear strengths) which suggests that ME-100 might be considered a semi-reinforcing filler.
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1. Introduction

The high polarity of nitrile rubber (NBR), a copolymer 
of butadiene and acrylonitrile, makes it highly resistant to 
oils and organic solvents, while having low gas permeability 
and temperature degradation higher than natural rubber. 
These features enable its use in automotive products, oil 
seals, fuel hoses, among others[1,2].

In order to provide technological application, depending 
on the application of the final product, the formulation 
of an elastomeric composition usually contain a filler, a 
curing system, processing and protecting agents such as 
antioxidants[3]. These components alter the compound 
viscosity with direct impact on processing as well as on the 
final product physical mechanical properties[4,5].

Carbon black and silica are the most widely used 
reinforcement fillers for elastomeric formulations, besides, 
other fillers, functionalized or not, have been widely 
employed as an alternative to the conventional systems[6]. 
A significant amount of research papers has been directed to 
the development and use of different fillers with dimensions 
in the nanometric scale, clays being highlighted[6-11].

Among the group of clays being employed as nanofillers 
of elastomeric compositions, the synthetic micas should 
be highlighted. Their main advantages, as compared to 

natural mica, are better control of variables such as purity 
and composition, besides the possibility of altering their 
structure for fitting in with the matrix into which they will 
be incorporated[12-20].

The synthetic mica marketed as Somasif ME-100 (sodium-
fluorohectorite) is prepared from talc by introducing an 
alkaline metal in the interlamellar galleries[21]. Somasif 
ME-100, as well as montmorillonite, exhibits a layered 
silicate structure but differs from the latter by the absence 
of catalytically active Al ions as substitutes at the octahedral 
sites. A further difference is the partial replacement of silicate 
layers hydroxyl groups by fluorine[22].

Because of the high viscosity of the elastomeric matrix, 
the dispersion of any inorganic material is a challenging 
task, chiefly when it is related to a nanofiller. In order to 
reach the desired dispersion degree, various methods are 
proposed in the literature[6,7].

In the last seven years, few works have been published 
with Somasif ME-100 synthetic mica[23,24]. The amount of 
articles is even smaller when it comes to the use of Somasif 
ME-100 with polymers[15,25-34]. This fluoromic was little 
explored in NBR, which is a very important rubber for the 
industry, and only one article was found in the literature 
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that correlates Somasif ME-100 with NBR[16]. Justifying 
the work’s importance and novelty.

This work shows the continuity of Linhares et al.[16] work 
where ME-100 synthetic mica nanocomposites with NBR 
were prepared by melt compounding. This method being 
chosen by the versatility as concerns temperature, roller 
shear rate, and show practical relevance. The content of the 
ME-100 synthetic mica in this work varied from 0 to 20 phr. 
The 20phr ME-100 nanocomposite showed improvement in 
mechanical properties which suggests that ME-100 might 
be considered a semi-reinforcing filler.

2. Materials and Methods

2.1 Materials

The received nitrile rubber had the following features: 
Mooney viscosity 48 ML1+4 (100°C) and acrylonitrile 
content 33%. The synthetic mica for the compositions was 
sodium fluorohectorite (Somasif ME-100), with cation 
exchange capacity of 100 meq/100 g and an intergallery 
distance of 0.95 nm[20] and in this work will be referred 
to as ME-100. The characterization of this synthetic 
mica has already been carried out by our working group 
and can be found in Linhares et al.[16]. According to the 
manufacturer (COOP ChemicalCo. Ltd, Japan), Somasif 
mica ME-100 have the general chemical composition 
(Na)2x(Mg)3-x(Si4O10)(FyOH1-y)2·nH2O, where 0.15 < x < 
0.5; 0.8 < y < 1.0.

The information on the prepared formulations is listed 
in Table 1, and an unfilled composition (NBR0) stands for 
comparison with the properties of the nanocomposites.

2.2 Sample preparation

The preparation of the mixes was done in an open 
roller mill, at 50±5°C. At first mica was added to the 
rubber for 10 minutes at a roller shear rate of 24/40 aiming 
at favoring the distribution and dispersion of mica 
into NBR[13,16]. This procedure was carried out in all 
formulations in order to maintain a mixing pattern. 
After this period of time, the vulcanization system 
was incorporated into the formulation at a shear rate 
of 24/34 in accordance with the ASTM D3187 Method. 
The samples’ vulcanization process was performed by 
compression molding at the temperature of 160°C. 
The period of time used for molding was the optimum 
curing time (t90), determined with the aid of the Rubber 
Process Analyzer (RPA) instrument.

2.3 Characterization

2.3.1 Curing characteristics

The curing characteristics for the prepared mixtures were 
obtained using the Rubber Process Analyzer (RPA 2000 from 
the Monsanto Company) instrument, in accordance with the 
ASTM D5289 Method under the following experimental 
conditions: 160°C (constant temperature), 30 minutes, 
deformation arc 1 degree and 1.7 Hz of frequency. The RPA 
instrument enables the determination of the following 
rheometric parameters: pre-curing time (ts 1); optimum 
curing time (t90) related to 90% cure; minimum torque 
(ML); maximum torque (MH); cure rate index (CRI) the 
formula of which is given by Equation 1[35].

( ) ( ) % 100 / 90 1CRI t ts= −  (1)

2.3.2 Payne effect

The dependence of the dynamic properties on the 
deformation amplitude for all of the compositions was 
studied by the Payne Effect as measured by the RPA 
2000 instrument at 60 ºC, test frequency of 1 Hz and strain 
from 0.7 to 100%[36,37]. The same procedure was adopted 
before and after curing. According to Payne, such dependence 
is essentially determined by the level of agglomeration and 
deglomeration of the filler tridimensional network in the 
elastomeric matrix[37].

The Payne effect can be calculated by the difference 
between the complex moduli in the region of low strains 
and high strains, see Equation 2, based on a specific strain 
value, temperature and frequency being kept constant[36-40].

* * *
0G G G∞∆ = −  (2)

Where ΔG* will be treated as the absolute value of the 
Payne Effect; besides, in this work the value of G*0 will 
be considered at 10% deformation while the value of G*∞ 
will be considered at 100% deformation.

2.3.3 Crosslink density

The crosslink density was measured with the aid of two 
different methods, the RPA Method and the swelling method.

In the RPA method the crosslink density (CD) is 
determined with the aid of the rubber processing analyzer 
RPA 2000. To this end the elastic modulus (G’) of the uncured 
compounds (G’uncured) was determined at a frequency of 
5 Hz, the elastic modulus of the cured compouds (G’cured) 

Table 1. Formulation of the mixes.

Material (phr)1 NBR0 NBR5 NBR7 NBR10 NBR14 NBR20
NBR 100 100 100 100 100 100
ME-100 0 5 7 10 14 20
Zinc Oxide 3.0 3.0 3.0 3.0 3.0 3.0
Stearic acid 1.0 1.0 1.0 1.0 1.0 1.0
Sulfur 1.5 1.5 1.5 1.5 1.5 1.5
TMTD2 0.5 0.5 0.5 0.5 0.5 0.5
MBT3 1.0 1.0 1.0 1.0 1.0 1.0
1per hundred rubber. 2tetramethylthiuram disulfide. 32-mercaptobenzothiazole.
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was determined at a frequency of 0.5 Hz at the temperature 
of 60°C and 0.25o deformation[41-43].

On the basis of the obtained results it is possible to 
estimate the total crosslinks (Xtotal) content in the sample, 
as well as the two types of crosslinks of the vulcanized 
rubbers: the physical links (Xphysical), related to the physical 
entanglements of the polymer chains; the chemical links 
(Xchemical), generated in the vulcanization process, crosslinks[42]. 
Equation 3, Equation 4 and Equation 5 are used for the 
calculations.

( )0.5 / 2total curedX G HZ RT′=   (3)

( )5 / 2physical uncuredX G HZ RT′=  (4)

chemical total physicalX X X= −  (5)

Where R = gas constant (8.314 L·kPa·K−1·mol−1); T = absolute 
temperature (333.15 K). In order to discount the presence 
of filler, Equation 6, the Guth-Gold[42] Equation, was used.

( )2' ' 1 2.5 14.1filled unfilledG G= + ∅ + ∅  (6)

Where, ø is the filler volume fraction (filler volume / total 
volume).

The crosslink density (ν) was also determined with the 
aid of the solvent swelling principle, in this case acetone at 
27°C, for the Flory-Rehner[44,45] solvent swelling equilibrium 
Equation 7:

( )

( )
2

1/3
0

1

/ 2

r r r

r r

ln V V V

V V V

χ
ν

 − + +  = −
 −  

 (7)

Where: ν is the value for the crosslink density; χ corresponds 
to the NBR-solvent interaction parameter, (0.345 for 
acetone), V0 is the solvent molar volume (73.40 mL.mol-1 
for acetone), the solubility parameter for NBR (acrylonitrile 
content 33%) is δ = 9.36 (cal/cm)2 [44] and Vr is the volume 
fraction of rubber in the swollen vulcanizate calculated by 
Equation 8 which discounts, when applicable, the volume 
of filler used[45,46].

( ) ( )
( ) ( ) ( )

1 2

1 2 2 3 1

/ /

/ / /

f f
r

f f

M M
V

M M M M

ρ ρ

ρ ρ ρ

−
=

 − + − 
 (8)

Where M1 is the sample mass before swelling; ρ2 is the 
sample density; Mf is the filler mass in the sample; ρf is the 
filler density; M2 is the swollen sample mass; M3 is the dry 
sample mass after swelling and ρ1 is the solvent density.

Samples were cut from vulcanized, square 20x20 mm 
2 mm-thick plates, tested in duplicate and kept in a tightly 
closed, protected from light acetone-containing flask, for a 
period of 7 days at ambient temperature (27ºC).

2.3.4 Thermodynamic characteristics

The value of Vr obtained in Equation 8 enables the 
calculation of the thermodynamic parameters. Based on the 
assumption that the internal energy of the tested materials 
has not been altered by swelling, the Gibbs free energy 
(ΔG) and the entropy variation (ΔS) can be determined by 
the Flory–Huggins equation and the statistical theory of 
the rubber elasticity (Equation 9 and Equation 10)[19,47-52].

( ) 21 r r rG RT ln V V Vχ ∆ = − + +    (9)

G T S∆ = − ∆  (10)

The parameters of Equation 9 have the same meaning 
as those of Equation 7, R being the gas constant and T the 
absolute temperature.

2.3.5 X-Ray Diffraction (XRD)

X-Ray Diffraction (XRD) was used for the characterization 
and identification of Mica ME-100 and generated composites. 
The XRD analysis was performed in a Rigaku equipment, 
model MiniFlex, with 2θ scanning from 2 to 10°, CuK α 
radiation (λ =1.5418 Å), 30 kV and 15 mA. The interplanar 
distances of mica were determined by the Bragg Equation 
(Equation 11), based on results obtained by X-ray scattering 
at high angles of incidence (WAXS).

2sin
nd λ

θ
=  (11)

Where: d is the interplanar distance, n is the diffraction order; 
θ is the diffraction angle (Bragg angle), n= 1 and λ=1.54 Å.

2.3.6 Mechanical properties

Elongation at break, tensile strength, modulus and tear 
strength tests were performed with the aid of a EMIC, model 
DL3000 universal testing machine operating with a 1 kN 
load cell in accordance with the ASTM D412 and ASTM 
D624 Methods, respectively. Hardness was determined 
with the Shore A durometer in accordance with the ASTM 
D2240 Method.

2.3.7 Transmission Electron Microscopy (TEM)

The morphology of the nanocomposites was studied by 
transmission electron microscopy (TEM). Samples were 
sectioned in a Power Tome Ultramicrotome RMC model X 
by using a Diatome Diamond Knife type Cryo 45°, cutting 
temperature -70°C cooled with liquid nitrogen, cutting speed 
0.3 mm/s and cutting thickness 30 nm. After separation 
of the samples, samples-containing grids were taken to a 
Phillips transmission electronic microscope (TEM) model 
CM120 at an operation tension of 120 kV.

3. Results and Discussions

3.1 Curing and rheological behavior of NBR/ME-100 
nanocomposites

The rheological parameters of the developed formulations 
are listed in Table 2.

The minimum torque (ML) values, related to the viscosity 
of compositions prior to cure, were kept practically constant 
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with the filler content. It was expected that at 20 phr ME-
100 the increase in ML would be significant, however the 
ME-100 lamellar structure provided a rheological ease for 
accommodation of the filler in the polymer matrix, indicating 
that the nanofiller acted as a processing aid.

The maximum torque (MH) represents post-cure 
molecular rigidity of the composites and it was only at 
20phr ME-100 (NBR20) that the MH value outperformed 
that of the unfilled composition (NBR0). Data reflected on 
the torque (ΔM) development, generally used to characterize 
filler reinforcement and formation of an elastomeric network 
confined within the interlayer spaces[48,52,53]. These results 
point out that the ME-100 offers a certain resistance to 
crosslink formation, reducing the amount of curing agents 
available for the reaction. This behavior was also observed 
by Kader and Nah[53] and by Pojanavaraphan et al.[50] when 
evaluating other nanocomposites.

As regards the vulcanization pre-time (ts1) there are no 
differences among the tested compositions, however, as 
for the period for 90% cure (t90), it was observed that for 
compositions with 5 and 7 phr filler, curing occurs more 
rapidly as compared to the remaining formulations (< t90), 
reflecting in this way on the increased cure rate index (> CRI). 
For the remaining studied compositions these parameters 
are similar to those of the unfilled composition. Values 
suggest that for amounts of mica higher than 7 phr the filler 
is slightly interfering on the curing system, corroborating 
the effects on the tested ΔM.

3.2 The Payne effect

For elastomers with load exceeding Tg the Payne 
effect refers to the dependence of strain on the dynamic 
viscoelastic properties, For a constant frequency, the complex 
modulus (G*) is reduced with the increase in strain from a 
linear plateau value towards a lower plateau of high strain 
amplitude, as demonstrated in Figure 1A (before cure) and 
Figure 1B (after cure).

The value of the complex modulus (G*) for the NBR5 and 
NBR7 compositions was lower than that of the unfilled 
composition, NBR0, indicating that at low concentrations 
mica seems to aid the rubber chains to slip easier therefore 
reducing the energy required for strain to occur.

The filler network is destroyed under high strain and as a 
result, the complex modulus (G*) is quickly lowered. In this 
way, the modulus reduction consequent to augmented strain 
is also due to the rubber macromolecules entanglement and 
the break of the filler-filler and rubber-filler interactions. 
The lesser the attenuation of the dynamic modulus, the 
lower is the network structure formed by the filler, and the 
lower is the Payne effect. This indicates that the filler is 

better dispersed within the polymer matrix. As expected, 
for filled compositions, the increase in elastic modulus at 
low strains is attributed to the filler-filler interactions[26].

The values for the Payne effect calculated by the RPA 
Method for all of the compositions before and after cure 
are listed in Table 3.

The Payne effect analysis for pure gum before and 
after cure refers to the chain entanglement break that is 
more accentuated for the cured materials due to the higher 
viscosity of these solutions. As for the filled compositions, 
the influence of the rise in ME-100 content is observed by 
the increase in the Payne effect potentialized in the after cure 
compositions. These results illustrate the strong filler-filler 
interaction, which is equivalent to the agglomeration and 
deglomeration of the filler network.

Table 2. Curing and Rheological Behavior of NBR/ME-100 Nanocomposites.
Parameter NBR0 NBR5 NBR7 NBR10 NBR14 NBR20

Minimum Torque (ML) (dN.m) 0.7 0.7 0.7 0.7 0.7 0.8
Maximum Torque (MH) (dN.m) 9.1 7.9 8.1 8.8 9.0 9.6
ΔM (MH - ML) (dN.m) 8.4 7.2 7.4 8.1 8.3 8.8
Scorch time (ts1) (min) 0.4 0.5 0.5 0.5 0.5 0.5
Optimum cure time (t90) (min) 4.9 2.9 3.3 5,1 4.9 4.9
Cure rate index (CRI) (min) 22 42 36 22 23 23

Figure 1. Variation of the Complex Modulus (G* - kPa) with strain 
(%) for unvulcanized (A) and vulcanized (B) NBR containing 
various amounts of ME-100 Mica.
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3.3 Crosslink density

The results for crosslink density as determined by the 
RPA Method and solvent (acetone) swelling can be found 
in Table 4.

The RPA Method enables the calculation of two kinds 
of crosslinks: physical (Xphysical) and chemical (Xchemical), 
and as a result the total crosslink density (XTotal)

[35,41,42,54]. 
Data acquisition is quick and does not require the use of 
solvents. The physical content means the initial crosslink 
density resulting from entanglements and other effects. Data 
(Table 4) indicate that the physical content was not modified 
by nanofillers to NBR. As for the chemical content, which 
results from the curing reaction, nanocomposites exhibited 
equivalent values and did not show any influence of the 
amount of filler, being lower than those for the unfilled 
compositions. The total crosslink density by RPA suggests 
that the slower curing reaction with the ME-100 content might 
probably due to cure retardation of ME-100 by adsorbing 
a part of the curing agents and blocking the movement 
of rubber chains as showed by the result of the chemical 
content. (Kader and Nah, 2004[53] and Pojanavaraphan, et al., 
2010[50]). An alternative for future work would be to increase 
the content of the curing system, as was successfully done 
by Kader and Nah[53]. The swelling values corroborate the 
results obtained for maximum torque (TM) and ΔM (Table 2) 
and crosslink density by RPA.

Results for crosslink density obtained by the swelling 
method (ν) and those for the volume fraction of rubber in 
the swollen vulcanizate (Vr), both determined by the Flory 
and Rhener theory for all the compositions can also be 
found in Table 4. Data obtained from the swelling test show 
reduced nanocomposites crosslink when compared with 
the unfilled compositions as a result from lower Vr values 
caused by the presence of ME-100 (Table 4). As compared 

with the values measured by RPA for the crosslink density, 
data for crosslink density by swelling are lower than those 
obtained by RPA, although more sensitive to the nanofiller 
behavior in the NBR.

The swelling behavior is in agreement with the data 
obtained by the rheometer and the value of the crosslink 
density by RPA suggest that the curing process has been 
restricted by ME-100 addition.

3.4 Thermodynamic characteristics

Thermodynamic effects, including entropy (ΔS) and 
Gibbs free energy (ΔG), that occur by swelling of the 
developed compositions were also determined and may 
provide the basis for understanding the nanofillers addition 
to NBR. The expansion of rubber in the presence of solvent 
will significantly modify the conformational entropy (ΔS) 
and the Gibbs free energy (ΔG)[19,47-52].

According to Table 5 the Gibbs free energy is negative 
for all samples. (ΔG) is correlated to the elastic behavior of 
the swollen compositions, influenced by the solvent, kind 
and ME-100 content in NBR.

It can be seen that in the presence of ME-100, ΔG falls (in 
absolute values) that is, the elasticity of the nanocomposites 
is lower than that of the pure gum in the swollen state. These 
results can be attributed to the low compatibility between 
NBR/ME-100, and are also responsible for the entropy loss 
as compared with the unfilled composition. The rubber 
molecules do not succeed in easily penetrating the galleries, 
hindering the process of ME-100 intercalation.

3.5 X-Ray Diffraction (XRD)

The Mica ME-100 diffractogram, which is represented 
in Figure 2, exhibited two peaks, one located at 7.05° and 
the other at 9.20°. These peaks correspond, respectively, 
to the interlamellar space (d001) of 1.25 nm and 0.96 nm 
(Table 6). According to Cattaneo et al.[55], the interlamellar 
space equal to 0.96 nm is related to the unhydrated silicate 
layer, while 1.25 nm corresponds to the hydrated form of 
the silicate layer.

The intercalation of polymeric chains in the silicate 
layers can be characterized by an increase in the interplanar 
spacing[56], however this was not observed. Based on the 
2θ values of the XRD (Figure 2) and the stability of the 
interplanar distance (Table 6) of the formed composites, 
there is no evidence that there are NBR chains intercalated 

Table 3. The Payne effect of NBR/ME-100 nanocomposites before 
and after cure.

Composition ΔG* before cure ΔG* after cure
NBR0 39.3 82.1
NBR5 50.9 93.0
NBR7 58.2 97.7
NBR10 62.1 117.6
NBR14 76.0 166.1
NBR20 91.0 192.2

Table 4. Crosslink density of the NBR composites with and without ME-100 Synthetic Mica.

Composition

RPA Method Swelling Method

XTotal Xphysical Xchemical Ν Vr

(10-5) mol/cm3 (10-5) mol/cm3 cm3

NBR0 9.7±0.1 2.7±0.1 7.0±0.1 70.5±0.9 0.306±0.001

NBR5 8.6±0.1 2.7±0.1 5.8±0.1 46.6±1.4 0.258±0.002

NBR7 8.6±0.1 2.7±0.1 5.8±0.1 52.7±0.6 0.271±0.009

NBR10 8.5±0.1 2.7±0.1 5.8±0.1 52.2±0.6 0.270±0.001

NBR14 8.5±0.1 2.7±0.1 5.8±0.1 51.9±0.2 0,269±0.001

NBR20 8.3±0.1 2.8±0.1 5.5±0.1 55.3±0.1 0.277±0.001
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between the Mica layers. In addition, when we observe the 
increase in the intensity of the peaks of the composites formed, 
in relation to mica ME100, it is possible to affirm that the 
formed system predominantly presents agglomerations of 
filler, which increased with higher Mica ME100 content. This 
result is in agreement with that observed in the payne effect.

3.6 Mechanical properties

The mechanical properties of the nanocomposites are 
summarized in Table 7

Data of Table 7 might suggest ME-100 is acting as 
a semi-reinforcing filler in view of a 92% rise in tensile 
strength and 52% in elongation at break when data for the 
unfilled composition (NBR0) are compared with those for 
the highest filler-containing composition (NBR20), while 
values for hardness and minimum torque are unchanged. 
The mechanical results of the NBR7 sample, with the 
exception of the elongation, are within the experimental 
error. The elongation of NBR7 is an unexpected result and 
can be statistically compared to the value of this property 
with the unloaded composition (NBR0). However, it is the 
NBR7 composition that has the highest modulus at 100%, 
even higher than the composition with 20phr, and this result 
may be related to the low elongation value found. Therefore 
it is possible to state that the movement and accommodation 

of the rubber chains among the Mica lamellae was favored, 
this in turn increasing the chain fluidity, a fact that impacted 
the mechanical performance.

Concerning the tear strength, the compositions with 
higher-than 5 phr mica contents exhibited better performance 
as compared to the unfilled composition, and for the 
nanocomposite with 20 phr ME-100 a 42% increase was 
observed. As the cracks of the tear test propagate through the 
chains, they are restricted by the crosslinks which deform 
up to a certain point to hinder crack propagation. Since 
crosslinks values were very similar for all filled compositions 
and lower relative to the unfilled composition, it is possible 
to state that in this case the tear strength is directly related 
to the filler ability to dissipate crack propagation.

The lamellar nature, the plasticizing effect and a certain 
reluctance of the nanofiller for forming crosslinks can be 
understood in the light of the mechanical results related 
to molecular stiffness such as tensile strength at 50% 
elongation and 100% elongation, and hardness. These results 
did not exhibit significant increase with the filler content, 
corroborating the values for maximum torque determined 
by rheometry. These behaviors are interesting chiefly those 
for the 20 phr filler composition, since as compared with the 
unfilled composition it has better performance as regards 
tensile, elongation at break and tear strength values, hardness 
values being kept constant.

3.7 Transmission Electron Microscopy (TEM)

The TEM images of the NBR/ME-100 nanocomposites 
containing 5 phr (NBR5), 10 phr (NBR10) and 20 phr (NBR20) 
are illustrated in Figure 3, Figure 4 and Figure 5 respectively. 

Table 5. Thermodynamic characteristics of the studied compositions.
Composition ΔG (J.mol-1) ΔS (J.mol-1.K-1)

NBR0 -67.26 0.2241
NBR5 -43.34 0.1444
NBR7 -49.27 0.1641
NBR10 -48.91 0.1630
NBR14 -48.58 0.1618
NBR20 -51.97 0.1731

Table 6. Peak positions (2θ), interplanar spacing (d) of the Mica 
ME 100 peaks and their composites with NBRL, obtained by XRD.

Composition 2θ (Degrees) Interplanar 
spacing, d(nm)

Mica ME100 7.05 1.25
9.20 0.96

NBR0 - -
NBR5 7.10 1.24
NBR7 7.15 1.23
NBR10 7.35 1.20
NBR14 7.05 1.25
NBR20 7.30 1.21

Table 7. Mechanical Properties.
Parameters NBR0 NBR5 NBR7 NBR10 NBR14 NBR20

Elongation at break (%) 270±29 385±36 229±21 367±4 342±25 411±42
Tensile strength (MPa) 2.5±0,3 2.9±0,3 3.9±0.2 3.6±0.3 3.1±0.2 4.8±0.4
Modulus at 50% Elongation (MPa) 0.7±0.0 0.7±0.0 1.0±0.0 0.8±0.0 0.9±0.0 1.0±0.0
Modulus at 100% Elongation (MPa) 1.1±0.0 1.0±0.0 1.7±0.1 1.2±0.1 1.3±0.0 1.5±0.0
Tear strength (N/mm) 21±3 18±2 25±1 24±0 23±2 30±3
Hardness (Shore A) 47±1 43±1 42±1 44±1 45±1 47±1

Figure 2. XRD pattern of NBR/Mica ME100 composites, unfilled 
NBR (NBR0), and Mica ME100 powder.
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As the filler content rises, evidences of exfoliated platelets and 
large aggregates are observed, corroborating the results for 
the Payne effect. Dark spots on the micrographs are related 
to the additives employed while the dark lines (Figure 3) 
show the nanofiller dispersion in the NBR matrix.

Taking into consideration that there is an optimum 
amount of ME-100 related to the intercalation/exfoliation 
phenomena, TEM results indicate that the rise in nanofiller 
content resulted in the morphology showing predominance 
of aggregates (Figure 4), fact that is in agreement with what 
was observed in the XRD, although without prejudice to 
the mechanical properties, as observed in this work. As for 
the case with the NBR composition containing 20 phr ME-
100 (Figure 5) it is apparent that the layers and aggregates 
of the nanofiller created a morphology that resulted in 
improved mechanical properties[20], as shown in Table 7.

4. Conclusions

NBR nanocomposites of different contents of ME-
100 synthetic mica were prepared by a mill mixing process 
and characterized.

The curing parameters indicated that the ME-100 offers 
a certain resistance to crosslink formation, reducing the 
amount of curing agents available for the reaction. This 
reluctance was ascertained by the analysis of the crosslink 
density, on the basis of the Flory and Rhener theory and 
RPA, both methods indicating the the crosslink density was 
always lower for the filled nanocomposites than for the 
unfilled nanocomposite. This phenomenon may have been 
caused by the formation of Mica ME100 clusters observed 
in both XRD and TEM results. These agglomerates may 
have made it difficult for sulfur to find the polymer chains 
and carry out the vulcanization reaction.

The values obtained for the Gibbs free energy can be 
attributed to the low compatibility between NBR and ME-100, 
and are also responsible for the entropy loss as compared 
to the unfilled composition. Besides, the dispersion state 
of ME-100 in NBR studied by the Payne effect indicated 
that the value of the modulus attenuation increased with 
increase in shear and with the filler content meaning low 
ME-100 dispersion in NBR. These results were corroborated 
by Transmission Electronic Microscopy (TEM) and XRD.

The TEM image and XRD of the 20 phr ME-
100 nanocomposite demonstrated that the layers and 
aggregates of the nanofiller created a kind of morphology 
which might have been responsible for the improvement in 
mechanical properties, which suggests that ME-100 mica 
might be considered a semi-reinforcing filler.

Since NBR is an important, widely utilized rubber, the 
use of a light-colored nanofiller such as ME-100 can be 
of huge technological interest before the results obtained.
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