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ABSTRACT 

Acrylo-nitrile Butadi-ene Rubber (NBR), Ethylene-co=Methyl Acrylate polymer (EMA), Montmorillonite (MMT) nano-

composites with all around exfoliated MMT layers have been set up by mechanical responsive melt blending. The d-separating of 

MMT brought up in the EMA/NBR nano-composites and the layers of MMT were scattered in the polymer lattice on a nano-

meter scale. The TEM and XRD results demonstrated that homogeneous scattering of the mud mineral particles in the 

macromolecular chains. The incorporation of 3 phr of nano-clay into the EMA/NBR matrix structure detaching of nano-clay into 

the EMA/NBR matrix and boosting the stacking of nano-clay to 5 phr in the end prompts the intercalated/shed scattering of nano-

clay into the EMA/NBR mix. Contrasted and the unadulterated EMA/NBR mix, the nano-composite showed a higher Tg. DMA 

study exhibited a perceptible improvement in the capacity modulus and subsequently an abatement in tan δ value in the wake of 

expanding nano-clay stacking in the EMA / NBR matrix. This shows an excellent dispersion and a higher fortification efficiency 

of the clay nano-filler in the macromolecular framework. Besides, the thermal stability of the EMA/NBR/MMT nano-composites 

improves with the expansion of nano-clay content up to 5 phr. The general physico-mechanical characteristics for these specific 

mixes have been improved due to the presence of nano-size intercalated clay particles in the macromolecular network. The 

EMA/NBR/MMT nanocomposites showed phenomenal swelling characteristic, which is ascribed to the great obstruction 

properties of nanoclay and its nano-scale scattering. 
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1. INTRODUCTION 

Polymer nano-composites (PNC) are the unique class of polymeric material, possessing nano-scale filler 

distribution, characteristically 1-100 nanometres of the filler phase in a polymer system.1-5 The idea of making both 

functional and structural multiphase nano-composites (NCs) with enhanced performance is currently under progress 

in a wide range of ceramic, metallic and polymeric systems. As in the case of usual composites, the properties of 

NCs are found not only by the bulk properties of each of the constituents but also by complex interactions among 

different phases.6-7 In PNCs, the interaction level among the filler and polymer is much greater when correlated with 

traditional fillers at the same volume fraction by virtue of very high specific areas and aspect ratios of fillers 

concerned.8 In PNCs with inorganic fillers, the general properties of a composites material are found not only by the 

parent elements but also by the composite phase morphology and interfacial characteristics.9,10 Interfacial 

contradiction among organic polymer and added inorganic fillers, occasionally result into interfacial failures linked 

with the decline of properties like tensile strength, E.B and tear strength.11 These come from their dissimilarities in 

the intermolecular interactions, particularly at the interface. As the size of the reinforcing filler decline, owing to 

higher interfacial area among filler and polymer, their involvement to the composite properties elevated and are 

impaired more robustly by the interfacial interactions among the constituent phases rather than their bulk 

International Journal of Plastic and  
Polymer Technology (IJPPT) 
ISSN 2249-6904 
Vol. 3, Issue 4, Oct 2013, 9-20 
© TJPRC Pvt. Ltd. 



10                                                                                                                                                                         N. Murugan & G.B. Nando 

 

properties.12 Still at a minimal loading, these NCs showed significant higher dynamic mechanical, thermal, 

mechanical, barrier and adhesion properties and so on, compared to that of normally filled system.13 Due to these 

reasons, NCs are greatly lighter in weight than ordinary polymer composites, making them competitive with different 

materials for particular end use.  

2. EXPERIMENTAL  

2.1 Materials 

Acrylonitrile co- Butadiene Elastomer (Perbunan 3445F), with the accompanying particulars: ACN (acrylo nitrile) 

content 33%, specific gravity 0.970 and Mooney Viscosity 045, ML (1+4) 1000 C was provided by M/s Lanxess Deutsch-

land GmbH. Poly (Ethylene – co-Methyl Acrylate) macromolecule (Optema TC 120) possessing the methyl acrylate 

content 21%, softening purpose of 810 C, density 0.94 g/cm3 and MFI 6 g/min was acquired from M/s Exxon Chemical 

Corporation of Belgium. Cloisite 20 A, a characteristic montmorillonite changed with a quaternary ammonium salt with 

cation trade limit of 95 milli equiv./100 gram clay (Southern Clay - Inc., USA), was utilized as a nano-filler in the making 

of the nanocomposites.  

2.2 Preparation of the Mix 

The mixes of NBR and EMA having distinctive mix proportions were set up in a Brabender Plasticorder (model 

PLE-330) at 120°C temperature and at a rotor pace of 60 rpm for 5 min. EMA was included first, softened for 1 min, at 

that point NBR was included and liquefy blended for extra 4 minutes then MMT was added. In all the cases the absolute 

blending time was kept up at 5 min. The mix was then removed from the plasti-corder and sheeted out on a two-roll mill 

(150 × 300 mm) quickly at room temperature. The mixes have been assigned as XE60N40 (x= 0, 1, 3,5) where x 

demonstrates the weight level of MMT in the EMA 60% and NBR 40% blend.  

3. DESCRIPTION OF MIXES  

3.1 Measurement of Mechanical Properties 

Tensile attributes, for example, tensile strength and elongation at break of the macromolecule blend tests were 

assessed in accordance with ASTM D-412 strategy using dumbbell molded tests of (Type – 2) in a universal testing 

machine (UTM), Hioks–Hounsfield UT M (Test Equipment, Ltd., England). The pace of crosshead speed was kept up at 

500 mm/minute at encompassing temperature (25 ±2°C). Dumbbell shaped specimens have been cut from the pliable sheet 

and the tensile impact examination was executed according to DIN 53448 out of a Tensile Impact Tester (Model 

Number.6545/000 of CEAST, Italy) utilizing a load of 7 kg according to DIN53448. The normal of three tests was 

accounted for investigate and the value has been accounted for in J/m. 

3.2 Transmission Electron Microscopy (TEM) 

The surface microscopy was studied utilizing a TEM. Dispersion of nanoparticles in EMA/NBR mix has been 

examined by Transmission Electron Microscopy (T E M) model J E M-2010 made by JEOL, Japan, working at a 

quickening voltage of 200 kV. The nano-composite samples were set up by ultra-cryomicrotomy utilizing a Leica Ultracut 

UCT. Newly honed glass blades with front line of 45° were utilized to get the cryosections of 50–70 nm thickness. Since 

these samples were rubbery in nature, the temperature during ultra-cryomicrotomy was kept underneath glass transition 

temperature of NBR lattice. The cryosections were gathered exclusively on sucrose solution and straightforwardly upheld 
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on a copper framework of 300-work size 

3.3 X-Ray Diffraction studies (XRD) 

The X-beam diffraction examples of the examples were recorded with a Philips X-beam diffracto-meter ( PW-

1710 X-beam diffracto-meter) utilizing monochromatic CoKα radiation (frequency 1.97 Å) and utilizing monochromatic 

CoKαradiation (frequency 1.5418 Å), separately in the precise range 10-35° (2θ) and at a working voltage of 40 kV and 

with a bar current of 20 mA.  

The territories under the translucent and nebulous parts were resolved in self-assertive units and the level of 

crystallinity (χ) was estimated utilizing the connection as given in condition 1.1 [Alexander (1969)]:  
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where, Ia and Ic are coordinated force comparing to the nebulous and translucent stages, separately. 2θ qualities 

could be repeated within ±0.02° variety.  

The crystallite size of unadulterated EMA and its composites were resolved from the X-beam diffraction 

information utilizing the accompanying condition (Eq. 1.2) [Cullity (1978)]: 
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where, Cs is the crystallite size, λ is the frequency of the episode X-beam shaft, β is the full width at half greatest 

(FWHM) of the most exceptional X-beam diffraction top (relating to 2θ = 25°) and θ is the half of the edge 2θ comparing 

to the pinnacle. 2θ qualities could be repeated inside a spread of ± 0.5%. 

3.4 Differential Scanning Calorimetry (DSC) 

The change in Tg and translucent morphology of EMA and different EMA/NBR nano-composites were 

concentrated by differential scanning calorimetry (DSC) utilizing DSC Q100 V8.1 of TA instruments, Inc. USA made. The 

examples were fixed inside aluminium dish and examined under the N2 air at a warming pace of 10oC /min from - 150 to 

+150oC. The percent mistake related with the estimations of the characteristic temperatures was inside ± 1%. 

3.5 Dynamic Mechanical Analysis (DMA) 

Dynamic strain sweep tests were conducted under powerful pressure mode utilizing a TA Instruments' DMA 2980 

V17B Dynamic Mechanical Analyzer. The examples were kept at 30°C under a N2 environment in the example chamber. 

Linear visco-elastic Region (LVR) was distinguished by isolated powerful strain clear investigations (from 0 to 10% 

unique resist a recurrence of 1 Hz.). DMA recurrence clear was likewise done under unique pressure mode at 30°C under a 

nitrogen environment from 0.1 to 100 Hz utilizing 0.05% strain for example inside the LVR.  

Dynamic temperature clear test of all the nanocomposites were directed under unique double cantilever mode at 

the recurrence of 1 Hz and at twofold strain abundancy of about 100.0 µm (LVR was identified by isolated powerful strain 

clear test). Rectangular examples were exposed to sinusoidal pressure, and were warmed from - 100°C to 120°C at a 

warming pace of 2°C/min utilizing the equivalent DMA instrument inside the LVR. Capacity modulus, misfortune 

 (1.1) 

(1.2) 
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modulus and damping factor (tanδ max) were estimated for each example in previously mentioned temperature go. The 

percent mistake related with the estimations was inside ± 1%. 

3.6 Thermogravimetric Analysis (TGA) 

TGA estimations were performed with 10-12 mg of tests utilizing a TGA Q50 V6.1, TA Instruments, USA, under 

a nitrogen environment from room temperature to 600°C, worked in the dynamic mode at various warming paces of 5, 10, 

15 and 20°C/min, individually. Tests were put into a platinum skillet and the examinations were led in nitrogen climate. 

For each example three tests were completed under similar warming rate and the trademark temperatures were 

reproducible to ±1.0°C. The examinations of the TGA information were finished utilizing TA Instrument's Universal 

Analysis programming. A similar programming was utilized for dynamic investigation of non-isothermal information 

recorded at four diverse warming rates. In this trial, the temperature comparing to 5% corruption was taken as the 

debasement beginning temperature (Tonset). Likewise, the temperature relating to the greatest worth (Tmax) in the 

subordinate thermogram was additionally recorded. Rate blunder in such warm estimations was restricted to ±2%. 

4. RESULT AND DISCUSSIONS 

4.1 XRD Analysis 

While trying to assess whether the nano-composites structure was shaped or not, filled examples arranged with 

NBR/EMA and MMT were broke down by XRD. Regularly, X-beam outputs of polymer nano-composites show a pinnacle 

suggestive of the organo clay top however moved to bring down 2u or bigger d-dividing. The unadulterated nano-clay, 

EMA/NBR and nano clay XRD designs are appeared in the figure 5.2.1.1. The nano-clay (Cloisite 20A) indicated an 

extraordinary pinnacle of about 2h= 3.144 L, which compares to the basal separating of 2.82 nm (d001). The pinnacles of 

1MMT, 3-MMT and 5-MMT are moved to bring down edges contrasted and unadulterated MMT. The way that there is a 

pinnacle shows that the platelets were not peeled. The pinnacle move demonstrates that the exhibition had extended, and it 

is typically accepted that polymer chains entered, and this gathers an intercalated structure. This ought to be ascribed to 

solid cooperations between polar nitrile gatherings of NBR or acrylate side gatherings of EMA and the amine gatherings of 

the modifier on the outside of the mud layer. Adjacent to the extremity of the macromolecules, the adaptability of the 

chains is another factor that impacts the productivity of intercalation. Also, if there are sufficient main impetuses for 

adaptable chains to intercalate into interlayers of mud, the interlayer separation ought to be wider.14 The explanation is 

that the adaptable chains going into interlayers of earth will in general loop to diminish the loss of conformational entropy, 

and accordingly further extend the interlayer separation. Moreover, alongside the principle top, one related pinnacle of 

4.65L compares to the basal dividing of 1.91 nm (d002) because of some nanoclay layer re-accumulation. This pinnacle 

diminishes comparative with the main pinnacle, which fortifies the presence of an intercalated structure.15 The 

nonappearance of top for the EMA/NBR compound, which contains 3 phr of nanoclay stacking in EMA/NBR, 

demonstrates that nanoclay is shed in the EMA/NBR grid. At 5 phr nanoclay stacking in EMA/NBR, the diffraction top 

was wide and feeble at 2h= 2.14L, which relates to the basal separating of 4.14 nm.  

This examination recommends the development of a peeled/intercalated structure in the EMA/NBR lattice 

because of higher nanoclay loads. 
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Table 4.1: XRD Analysis 

 
SERIES 

 
2ø 

(°C) 

 
% Crystallinity 

 
Crystallite size 

(Ă) 

 
Interplanar distance 

(Ă) 

 
Interchain distance 

(Ă) 
0E60N40 23.12 43.65 2.05 2.007 2.55 
1E60N40 24.76 42.17 2.37 2.136 2.67 
3E60N40 24.74 40.13 2.63 2.137 2.67 
5E60N40 24.60 39.24 2.96 2.149 2.68 

 

 

Figure 4.1: XRD Patterns for EMA / NBR and Nanoclay 

4.2 TEM Analysis 

TEM could provide information in real space on the spatial distribution of the nanoclay in the NCs. It is the direct 

means to perceive the nanoclay dispersion and the micrographs for the PNCs are shown in Fig. 4.2 for that. Clusters of 

nanoclay are shown in the image, the dark lines establish to symbolize the silicate layers. It shows that the majority of 

nanoclay dispersion is in the intercalated state, which confirms the improved nanoclay dispersion in the NBR matrix. In the 

example, the altered earth layers peeled and homogeneously scattered at the nanometre level. Intercalated dirt layers 

likewise can be seen. In any case, the unexfoliated dirt stacks were very few and little in size. These outcomes are in 

acceptable concurrence with the XRD information. From the XRD and TEM results, it very well may be seen that the 

intercalated and peeled polymer–dirt NCs were readied. EMA/NBR/1MMT and EMA/NBR/3MMT PNCs show uniform 

dispersion of nanoclay platelets across the polymer matrix. In the above mixture, the nano-clays are disorderly slanting in 

the polymer matrix, making the exfoliation apparent. However, in EMA / NBR/5MMT it was shown that a higher 

percentage of the clay platelets are disorderly arranged and that a few are stacked confirming the partial exfoliation and 

development of agglomerates in the polymer matrix at a few locations. Together TEM and XRD results show that the 

intercalated PNC had produced. 
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Figure 4.2: a) Dispersion of Nanoclay at 1phr, b) Dispersion of Nanoclay at 3phr and c) Dispersion of Nanoclay at 

5phr 

4.3 Mechanical Properties 

The physicomechanical behaviour of EMA and NBR blends at different loadings of Nanoclays are studied 

extensively in this chapter. The tensile strength, modulus values at 100%, 200% and 300% elongation and elongation at break 

of EMA/NBR blends at different nanoclay loadings are summarized in Table 4.3. It depicts that the tensile strength, 

elongation at break and modulus (100%, 200% and 300%) of the blends are increasing upon increasing the loading of 

nanoclay up to 3 phr and a further increase in nanoclay above 3 phr all the mechanical properties tend to decrease. It is 

observed from the table 4.3, that with an increase in nanoclay of 1,3,5 phr, tensile strength increases up to 160%, 178%, 

168%. The outcomes might be a result of the unrivalled scattering of nanoclay at the nano level in the polymer network and 

solid cooperations between mud particles and polymer chains related with bigger contact surface outcome in the more 

powerful limitation of the movement of polymer chains as validated from XRD results and TEM pictures. Further there is a 

diminishing in lengthening at break in 5 phr nano-composite when contrasted with 3 phr stacking, this might be ascribed to 

the agglomeration of the nanoclay particles, besides this agglomeration of nano-particles in the polymer is likewise the 

purpose behind the reduction in rigidity, modulus, prolongation at break above 3phr stacking of nano-clay in the ternary 

polymer mix. These alterations in the rigidity are foreseen because of the intercalation of the macromolecular chains into the 

nano-clay display, and because of the arrangement of proposed cooperation among the nano-clay and the macromolecular 

chains. From the above outcomes, nano-composites arranged by liquefy aggravating prompting peeling can be believed to 

accomplish better execution over their customary partners. This high reinforcing impact infers a solid connection between the 

polymer network and the nano-clay limit due to the nano-scale and uniform nano-clay scattering in the polymer framework. 

Table 4.3: Physico-mechanical Properties of the EMA/NBR PNCs. 

Properties 
Tensile 

Strength 
Elongation 

Break 
Modulus at 100% 

strain 
Modulus at 200% 

strain 
Modulus at 300% 

strain 
Unit [MPa] [%] [MPa] [MPa] [MPa] 

0E60N40 1.9±0.7 470±0.7 1.5 1.7 1.9 
1E60N40 4.8±0.7 484±0.7 3.3 3.8 4.3 
3E60N40 5.8±0.7 606±0.7 4.1 4.8 5.0 
5E60N40 5.6±0.7 593±0.7 4.0 4.6 4.9 

 

4.4 Dynamic Mechanical Properties 

DMA is the precise instrument for the characterization of thermomechanical properties of polymer blends 

and polymer nanocomposites. The change in the mechanical properties like storage and loss moduli can be studied as 
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a function of temperature or frequency under a variety of deformation modes. The ratio of the E̓ ″( loss modulus) and 

E′ (storage modulus) is known as tan δ and is indicative of the damping characteristics of the material. The storage 

modulus, loss modulus and tan delta for the different nano composites are plotted as a function of temperature, at a 

constant frequency of 10 Hz in figure 4.4. The storage modulus is defined as elastic energy stored in the polymer 

sample during deformation. The storage modulus of EMA/NBR containing different amount of nanoclay are shown 

in the figure 4.4(b). From the figure 4.4(b), it is observed that with an increase in nanoclay of 1, 3, 5 phr the storage 

modulus also increases to 11.6%, 22.9%, 23.1% respectively. This can be because of the interaction of polymer 

chains with nanoclays or further it can be said that the nanoclay is properly dispersed in to the polymer moleculesand 

this is also the reason why tensile strength increases. A comparable pattern in the dynamic mechanical properties has 

been seen in other elastic customary composites loaded up with fortifying fillers having solid associations with the 

network. The damping or dissemination factor (tan delta) of the materials is introduced as an element of temperature 

in Figure 4.4. It is found that Tg decreases from-18.7 to -19.9 with 1 phr nanoclay, addition and Tg found to increase 

with the further increase of nanoclay from 3 to 5 phr. Thus, the increase in Tg is due to be an interaction between the 

polymer and nanoclay, because of which it requires a higher temperature to make the polymer chains move.The 

initial decrease in Tg of 1 phr may be due to a decrease in crystallinity. The broadening of the peak and decrease in 

the peak value of tan delta further depicts the reinforcement of the polymer. With the mud load expanding, a 

perceptible decrease in tan δ top stature at - 15o C can be watched. The pinnacle stature of the tan δ bend at - 15o C 

diminishes from 0.65 in unfilled MMT to 0.60 for nanocomposite loaded up with 5 phr MMT. The decrease in the tan 

δ top tallness with the expansion of nanoclay can be credited to the upgraded polymer–nanoclay collaboration, which 

brings about limited segmental portability of the polymer chains. Likewise, the second top in tan δ which is available 

at high temperature, which demonstrates the conditioning temperature additionally increments with the nanoclay 

option of 1, 3, 5 from 107.5°C to 111.15°C is ascribed to the cooperation between the nanoclay and polymer. The 

bends of capacity modulus (E0) versus the temperature for nanocomposites with various nanoclay stacking are 

introduced in Figure 4.4(b). The E0 of the nanocomposite loaded up with MMT shows a higher incentive than the 

unfilled polymer composite over the entire temperature run, which shows that the expansion of nano earth into 

polymer grid brings about an increment of solidness. That further mirrors the solid control of shed nano-scattered 

mud layers in the polymer chains. Due to the nano-scale scattering of nanoclay in EMA/NBR framework, great 

interfacial bond shaped between nanoclay particles and polymer and this attachment went about as a cross-connected 

point, which assumed a fortifying job. The reduction of tanδ was the aftereffect of the solid shared communication 

between polymer atoms and nanoclay particles, which diminished the interfacial floating and unwinding and brought 

about diminishing slack. 
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Figure 5.2.1.4: a) Tan delta plot of the T 

Figure 4.4 PE Nanocomposites and b) Storage Modulus Plot of the TPE Nanocomposites. 

Table 4.4: Dynamic Mechanical Properties of EMA/NBR Nanoclay PNC 

Name 
Storage Modulus 

(- 50°C) 
(M Pa) 

% Change 
Tan Delta 

Peak Value 

 
Tg 

(°C) 

 
Ts 

(°C) 
0E60N40 2.1 - 0.687 -18.7 107.8 
1E60N40 2.3 11.6 0.684 -19.9 111..2 
3E60N40 2.4 16.4 0.679 -18.25 111.8 
5E60N40 2.6 24.1 0.696 -17.8 111.1 

 

4.5 Thermal Stability 

Thermal stability is a prime trademark property for which the NCs morphology assumes an imperative job. 

The EMA/NBR/MMT composites were dissected by thermogravimetric examination (TGA). The beginning 

temperature, portrayed as the temperature at which 10% debasement happens, T10, and the midpoint temperature of 

the corruption, T50, another proportion of warm strength, just as the part of material that was not unstable at 600oC, 

meant as burn. The disintegration of their natural nanoclay began at 150oC since the assimilated water has vanished 

in light of the organophilic idea of the adjusted nanoclay and the complete weight reduction was around 32%. Figure 

4.5 shows the warm gravimetric investigation of EMA/NBR mix and the three NCs. The initiation of debasement of 

the NCs was higher, that is 418, 423 and 427oC, for EMA/NBR mix having 1, 3 and 5 phr MMT individually, 

identified with the unadulterated EMA/NBR (396oC). Despite the fact that the principal deterioration temperature 

was upgraded by the expansion of nanoclay, the weight reduction due to warm pyrolysis of EMA/NBR mix was 

almost steady, till a temperature of about 450oC was accomplished. It was basically ascribed to the great obstruction 

properties of nanoclay particles and the solid association between the nanoclay particles and the polymer framework. 

The very much scattered nanoclay layers thwarted the vanishing of decay items as well as more successfully ruined 

the entrance of oxygen to the polymer, diminishing the pace of inception of polymer affix scission to create unstable 

little items. At higher temperature, the nanoclay restrains the weight reduction in EMA/NBR mix. This is perhaps 

because of the presence of nanoclay scattered homogeneously in the polymer network that could expand the all-out 
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dissemination ways of little atoms into the heft of the nanocomposite. Along these lines, it could repress the event of 

polymer chain scission and improve the thermal stability. The nanofiller scattered in the nano-composites have high 

thermal stability and great hindrance properties which can keep the warmth from communicating rapidly to the 

polymer, thus postponing the decay of the nanocomposites. Furthermore, the arrangement of upgraded roast yield in 

the high-temperature locale with expanding dirt substance additionally adds to the improvement of warm soundness. 

 

Figure: TGA and Derivative plot of the TPE Nanocomposites. 

Figure 5.2.1.5: a) TGA Plot of the TPE Nanocomposites and b) First Derivative Plot of the TPE Nanocomposites. 

Figure 4.5: Thermo Gravimetric Graphs of EMA/NBR Nanoclay PNC 

4.6 Swelling properties 

The influence of nanoclay amount on the oil swelling behaviour of EMA/NBR blend nano-composites in 

ASTM 1# oil was shown in Figure 4.6. The percentage of solvent and oil intake was significantly lower for 

compounds having EMA/NBR 1MMT, EMA/NBR 3MMT and EMA/NBR 5MMT compared to neat EMA/NBR 

blend. The lowering of swellingcompared with unaltered polymer blend was owing to the occurrence of the nano-

dispersed clay particles, which lowered the rate of carrying by lengthening the average diffusion path length in the 

macromolecular matrix. The superior strengthening of nanoclay in the polymer matrix limits the extensibility of the 

elastomer chains induced by swelling. The well-dispersed nanoclay particles could accommodate a small number of 

solvent molecules. This makes it hard for both solvent and oil to infiltrate the gaps between the elastomer molecules 

and the clay thus reduce the swelling percentage. The nanoclay compounds in the EMA / NBR blend, therefore, have 

higher barrier properties compared to the pure EMA / NBR blend which was called “multi-path effect” or “nano-

wall. 
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Figure 4.6: The swelling ratio of the EMA/NBR nanoclay PNC 

5. CONCLUSIONS 

The accompanying conclusions have been drawn from the present study: EMA/NBR/MMT nanocomposites with well 

exfoliated MMT layers have been prepared by mechanical reactive melt mixing. The d-spacing of MMT raised in the 

EMA/NBR nanocomposites and the layers of MMT were dispersed in the polymer matrix on a nanometre scale. The TEM 

and XRD results indicated that homogeneous dispersion of the clay mineral particles in the polymer chains. The inclusion 

of 3 phr of nanoclay into the EMA / NBR matrix form exfoliation of nanoclay into the EMA / NBR matrix and boosting 

the loading of nanoclay to 5 phr eventually leads to the intercalated / exfoliated dispersion of nanoclay into the EMA / 

NBR blend. Compared with the pure EMA/NBR blend, the nanocomposite exhibited a higher Tg.  

DMA study demonstrated a noticeable improvement in the storage modulus and consequently a decrease in tan δ 

value after increasing nanoclay loading in the EMA / NBR matrix. This indicates a nice dispersion and a higher 

reinforcement efficiency of the clay nanofiller in the polymer matrix. Furthermore, the thermal stability of the 

EMA/NBR/MMT nanocomposites enhances with the increase of nanoclay content up to 5 phr. The overall physic-

mechanical properties for these particular compounds have been enhanced because of the presence of nanosize intercalated 

clay particles in the polymer matrix. The EMA/NBR/MMT nanocomposites exhibited excellent swelling behaviour, which 

is attributed to the good barrier properties of nanoclay and its nano-scale dispersion. SEM images of splintered surfaces 

showed an improvement in roughness and tortuous path for NC bearing nanoclay in the EMA / NBR mix due to the better 

interactions among the nanoclay particles and the polymer matrix. 
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