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ABSTRACT: Blends of styrene-butadiene rubber/ethylene–propylene-diene monomer (SBR/EPDM) with and without organoclay (OC)

were prepared by melt mixing method. Then the samples were vulcanized by gamma radiation in comparison to conventional sulfur

curing system. Characterization by X-ray diffraction analysis, atomic force microscopy, and Field emission scanning electron micros-

copy revealed the intercalation structure and good dispersion of the OC in prepared nanocomposites. In addition to this, by increas-

ing the absorbed dose of radiation and using OC, reduction in solvent uptake, increase in crosslink density and improvement of

mechanical and dynamic–mechanical properties were observed. Comparison of the tensile strength of irradiated nanocomposite with

the sulfur cured one’s displayed the synergistic effect of the OC and gamma radiation on tensile properties of SBR/EPDM blend.

Mooney–Rivlin plot confirmed the increase in crosslink density and interaction between rubbers due to presence of OC and increas-

ing absorbed dose. VC 2016 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2016, 133, 43581.
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INTRODUCTION

To improve the properties of rubber compounds, reinforcing

materials such as carbon black (CB) and silica are used exten-

sively. Recently a great attention has been paid to replace them

with nanoparticles in particular nanoclay.1–5 The layered struc-

ture of nanoclay provides higher surface area for polymer chains

to interact with, therefore using a small quantity of nanoclay

results in higher performance properties as well as a lower

weight of the product.6–10

Clay is a naturally occurring material with a hydrophilic nature

and composed primarily of fine-grained minerals.11 The hydro-

philic clay mineral needs to be modified to improve its compat-

ibility with the hydrocarbon matrices.12–15 Therefore, the clays

are modified with various alkylammonium salts to render the

clay mineral hydrophobic at the surface and improves its com-

patibility with the organic molecules. This modification also

expands the interlayer spaces of the clay.16 Among the variety of

natural occurring clays, sodium montmorillonite clay (Na-

MMT) due to its high cation exchange capacities, large surface

area, and good surface reactivity is a good candidate to be used

with rubber matrices. This material is modified with different

amounts of various alkylammonium and the modified clays are

supplied with different trade names. The use of organo

modified clay (OC) in styrene butadiene rubber (SBR)17–19 and

ethylene propylene diene monomer (EPDM)13,14,20 has been

reported. For instance, Meneghetti et al.19 used different OC to

reinforce SBR and reported that the surfactant chain length and

its functional groups were the factors which affected the clay

layers dispersion. Bhattacharya et al.21 investigated the effect of

different nanofillers on mechanical properties of the SBR based

nanocomposites. They reported that by 6 phr loading of modi-

fied montmorillonite (Closite 15A), the modulus and tear

strength of the compound were increased by 101 and 79%,

respectively. The effect of clay modification on the structure

and mechanical properties of EPDM/montmorillonite nano-

composites was studied by Zheng et al.13 They used alkylamine

containing hydroxyl groups to modify clay and reported a

higher glass transition temperature for EPDM nanocomposite

in comparison to gum EPDM vulcanizate. Ahmadi et al.20

employed OC as opposed to pristine clay in EPDM. They

reported that the use of OC results in an increase in the

mechanical and thermal properties. For instance, by loading the

same content of OC and pristine clay, the tensile strength of the

EPDM/OC nanocomposite was about 60% higher than that of

the EPDM/pristine clay composite.

Elastomeric materials are usually vulcanized by conventional

chemical curing agents, to improve their physical and
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mechanical properties. However, radiation curing method has

recently received a great deal of attention,22–27 due to the low

operation cost, additive free technique, and its ability to pro-

duce more homogenous crosslink networks in the elastomer/

elastomer blends. In addition, since the radiation curing is per-

formed at room temperature, the release of toxic materials

decreases, therefore this method is known as an environmentally

friendly technique. Ahmed et al.22 used the gamma radiation

technique to vulcanize the elastomeric polymers. They com-

pared the thermal stability of acrylonitrile butadiene rubber

(NBR) and styrene butadiene rubber (SBR) vulcanizates cured

by the sulfur, peroxide, and gamma radiation and reported

much higher thermal stability for the irradiated samples. This

was attributed to the uniformly distributed crosslinks and

enhanced crosslink density in the radiation cured vulcanizates

in comparison to the conventional cured samples. Abadchi and

Jalali-Arani employed gamma radiation to prepare polybuta-

diene nano rubber powder26 and used the prepared nanopar-

ticles in blend with polypropylene (PP) to improve its impact

strength.28 Manshaie et al.29 used electron beam radiation to

vulcanize blends of natural rubber (NR) and SBR and investi-

gated the dependence of vulcanizate physical–mechanical prop-

erties on absorbed dose. They reported that using a higher

absorbed dose improved the properties such as oil resistance

and heat stability of the final product.

Commonly, blending of elastomers is considered as an econom-

ical method to prepare new materials with improved processing

and properties. Among the elastomeric blends, the blends of

SBR and EPDM are of the special interest because incorporation

of EPDM in SBR is expected to impart significant heat and

ozone resistance to the SBR. On the other hand, weak adhesion,

poor tear strength and high cost of the EPDM can be improved

by the use of SBR.27,30,31

In this work, SBR/EPDM blends with and without OC are pre-

pared and vulcanized with the gamma radiation system in com-

parison to the sulfur curing. The effects of the OC, curing

system and the absorbed dose, on the morphology, static, and

dynamic mechanical properties of the samples are investigated

and discussed.

EXPRIMENTAL

Materials

Styrene-butadiene rubber with a Mooney viscosity of ML

(1 1 4) 125 8C 5 55 and styrene content of 23.5% (SBR1502,

Bandare-Imam Co, Iran) and ethylene–propylene-diene mono-

mer (EPDM, Vistalon 7000, Germany) with a Mooney viscosity

ML (1 1 4)125 8C 5 59 were used as the rubber matrix.

Organoclay (Cloisite 15A) was purchased from Southern Clay

Products (Gonzales, TX). This organoclay has been modified by

dimethyl dehydrogenated tallow quaternary ammonium with a

concentration of 125 meq/100 g of clay. Tetramethyl thiuram

disulfide (TMTD) and 2,2 dibenzothiazyl disulfide (MBTS)

from Bayer Company (Germany) were used as the accelerators.

The other ingredients used in the compounds included stearic

acid (Unichema, The United States), sulfur and ZnO (from a

local factory, Iran). Analytical-grade of toluene (Merck) was

used as the solvent.

Sample Preparation

To prepare samples for radiation curing, a blend of SBR/EPDM

(50/50) with and without OC was mixed on an open two-roll

mill at a temperature of 100 8C for about 12 min. Then a sheet

form of the prepared compound was irradiated in the range of

0–150 kGy doses with an absorbed dose rate of 3.5 kGy/h in a

gamma chamber with a Co-60 c source. The prepared samples

by this method are named as SE-RX (without OC) and SEOC-

RX (with OC). R and X (0, 50, 100, and 150) denote the radia-

tion curing system and the absorbed dose, respectively.

On the other hand, for preparation of a compound containing

the sulfur curing system, similar to the previous steps, a blend

of SBR/EPDM (50/50) was initially mixed with 5phr OC, 5 phr

of zinc oxide (ZnO), and 1 phr stearic acid (St-A) on the two-

roll mill at a temperature of 100 8C for 12 min. Then a conven-

tional sulfur curing system consisting of sulfur (2 phr), and

accelerators (1.5 phr) was added to the compound temperature

of 40 8C. The optimum curing time of the compound was deter-

mined according to the ASTM 5289 test method, by means of

an oscillating disk rheometer (ODR, Monsanto 100S UK). The

compound was then vulcanized in a hydraulic hot press at a

temperature of 155 8C. The prepared samples vulcanized by the

sulfur curing system are denoted as the SE-S (unfilled sample)

and SEOC-S (containing OC) in the result section.

Characterizations

X-ray Diffraction (XRD) Analysis. XRD analysis was per-

formed by means of a Philips model X’ Pert (Netherlands)

equipment with CuKa radiation (k 5 1.540568A) in a range

from 18 to 108 and the step size of 0.028/s at 30 mA and 40 kV.

The d-spacing of the silicate layers was calculated using Bragg’s

equation (k 5 2dsin2h).

Atomic Force Microscopy (AFM). AFM test was performed

with a Dualscope/Rasterscope C26 (DME, Denmark) equipment

in tapping mode on the thin film samples at an ambient condi-

tion of 25 8C.

Swelling Behavior and Crosslink Density. The swelling behav-

ior of the vulcanizates was investigated according to ASTM D

471 test method. To do the test suitable specimen (1 3 13

0.2 cm3) of each sample was weighed in air to the nearest

1 mg, and the mass recorded as m1. It was immersed in toluene

at room temperature. Then the test specimen was periodically

removed from the toluene and dipped quickly in acetone. The

remaining acetone was removed from the specimen surface with

filter paper. It was weighed and the mass was recorded as

m2.The solvent uptake of each sample as mass of solvent per

unit dry weight of each sample was calculated by [eq. (1)]:

Solvent uptake5
m22m1

m1

: (1)

Crosslinking density was determined according to the Flory–

Rehner equation [eq. (2)] and using equilibrium swelling data

of the samples.32

1
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where V0 is the molar volume of toluene (106 g/cm3), q is poly-

mer density (the arithmetic mean value of the density of the
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SBR and EPDM), VR is the volume fraction of rubber in the

swollen sample, and v (0.30033) is the polymer–solvent interac-

tion parameter and is calculated using the eq. (3):

X5b1
V1

RT
ðds2dpÞ (3)

where ds and dp are the solubility parameters of the solvent and

the polymer, b is the lattice constant whose value is taken as

0.34, R is the universal gas constant, and T is the absolute tem-

perature.33 The crosslink density is defined as 1/2MC.

Mechanical Properties. Tensile testing was carried out accord-

ing to ASTM D412 test method, using a Galdabini Sun 2500

(Italy) at the strain rate of 500 mm/min. Hardness of the sam-

ples was determined according to ASTM D2240-A test proce-

dure with a Shore A hardness tester (Karl Frank, Germany).

The mean value of three tests is reported as the obtained results

in this section.

Dynamic Mechanical–Thermal Analysis (DMTA). DMTA tests

on the cured samples were performed using a Mettler Toledo

TTDMA (The United Kingdom). DMTA spectra were taken in

tension mode at 1 Hz frequency (linear-viscoelastic region) in a

broad temperature range of 2100 to 1100 8C.

Field Emission Scanning Electron Microscopy (FE-SEM). FE-

SEM equipment (Hitachi S-4160, Japan) was employed to inves-

tigate the compatibility between the composite components as

well as the clay dispersion state. The test was carried out on the

freeze fractured surface of the vulcanizates. The surface was

coated with a thin layer of gold before the test.

RESULTS AND DISCUSSION

XRD Results

The XRD diffraction patterns of the OC and the samples con-

taining OC are shown in Figure 1. The XRD pattern of the OC

(Cloisite 15A) shows a broad peak at 2h 5 2.7348 corresponding

to an interlayer space of 32.2 Å. It is observed that the peak

shifts toward the smaller angles, 2h 5 2.158 and 2h 5 2.318 cor-

responding to interlayer spaces of 41.0 and 38.1 Å in the XRD

patterns of the sulfur cured (SEOC-S) and radiation cured

(SEOC-R) samples, respectively. This indicates the intercalation

of the rubber chains into the interlayer spaces of the OC. The

greater interlayer space of the OC in the SEOC-S, in compari-

son to that of SEOC-R, may be explained by this fact that a

greater tension is applied on this compound during its melt

mixing with curing materials and in compression molding pro-

cess; these may cause a greater intercalation of the rubber

chains. However, the curing materials (such as stearic acid)

used in this compound have also the chance of intercalation in

this compound.34,35

The appearance of the second and third peaks has also been

reported and discussed in other works.36–40 For instance, this

was attributed to some collapsing of the OC layers due to de-

intercalation of the amine modifier36,37 and re-agglomeration of

the silicate layers37,38 during the melt mixing process. The pres-

ence of these peaks may also be attributed to the unmodified

part of the clay as well as the higher order peak corresponding

to d00237 or the different arrangements of the substituent’s of

the compensating cations.39

Moreover, in the XRD pattern of both samples, a secondary

peak is observed at the 2h value in the range 4.28–4.58 which

indicates the clay agglomerations in these samples.

The presence of a third peak in the SEOC-S sample may be due

to degradation or exiting of the clay platelets surface modifier

during compound vulcanization in a hot press. This results in

the collapsing of the clay layers and decreasing the interlayer

distance of the OC.

AFM Results

Figure 2(a) shows the AFM image of the SE-R100 sample.

Because the viscosity of the two phases SBR and EPDM are

almost identical, they cannot be distinguished from each other

in this image. Comparing this figure with the AFM image of

the SEOC-R100 [Figure 2(b)], the latter displays a co-

continuous morphology for the rubber phases and a good dis-

persion of the OC. The presence of some white features in Fig-

ure 2(b) can be attributed to the OC layers41 dispersed in the

SEOC-R100. This figure shows that the clay tends to be located

in one of the phases. Since the SBR with a solubility parameter

of about 17.46 [(J/cm3)1/2]33 is more polar than the EPDM

with a solubility parameter of about 15.95 [(J/cm3)1/2]33 it is

expected that the OC is located at the SBR; however, it is a

hypothesis and needs more investigation. Nevertheless, this

localization results in an increase in the viscosity of this phase;

therefore, it can be distinguished from the other phase by the

AFM test.

Swelling Behavior and Crosslink Density

The swelling behavior of the samples is shown in Figure 3. It

can be seen that, increasing the absorbed dose results in reduc-

ing the ultimate solvent uptake and swelling rate. It can be

explained that the increase in the absorbed dose increases the

radicals’ formation on the polymers backbone. The formed

Figure 1. XRD patterns of the OC and the samples with OC, vulcanized

by different curing systems. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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radicals on the two polymers backbone may react with each

other and enhance the interaction and compatibility between

the phases. This issue was also reported by Dubey et al.42 On

the hand the interaction between the formed radicals may lead

to an increase in the crosslink density. The improvement of

interaction between phases and also the increase in crosslink

density reduces the solvent uptake by the polymer blend. It is

noted that the effect of radiation on the chemical bonds formed

during irradiation was explained in our previous work.27

A comparison between the swelling behavior of the samples

containing OC with that of the corresponding unfilled blends

displays that the use of OC results in a reduction in the amount

of solvent up take. It can be explained that the impermeability

and the layered structure of the OC through increasing the aver-

age diffusion path decrease the swelling rate and solvent

uptake.43 On the other hand it is expected that the use of OC

increases the interaction between constituents of a sample and

also causes an increase in crosslink density, which result in the

decrease in the solvent uptake.

Table I presents the crosslink density of the samples. This table

illustrates that the crosslink density of SE-RX samples is

increased by increasing the absorbed dose. In addition to this,

the crosslink density of the sample irradiated at the dose above

100 kGy, is higher than that of corresponding sulfur cured ones.

Comparing the crosslink density of the nanocomposites to that

of the corresponding unfilled blends depicts that the use of OC

results in an increase in the crosslink density. The increase in

crosslink density in sulfur cured samples due to the use of orga-

noclay has been reported by many researcher and was attributed

to participation of the intercalate (octadecylamine) of OC, in the

curing reactions.44–49 The increase in cross link density in OC/

rubber nanocomposites cured by irradiation was also reported by

Ali et al. and they attributed it to interaction of filler/matrix at

the interface and formation of physical crosslinks.50

Mechanical Properties

In this section, the effects of OC incorporation, curing system

and crosslink density on mechanical properties of prepared

samples are investigated. The stress–strain curves of the unfilled

compound and corresponding nanocomposite vulcanized at dif-

ferent absorbed doses are displayed in Figure 4(a). This figure

shows that incorporation of 5 phr OC results in a significant

increase in tensile strength which can be attributed to intercala-

tion of rubber chains between the interlayer spaces of the clay

layers and the interaction between rubber segments and surface

modifier on the clay layers.

Figure 2. AFM photographs of (a) unfilled SE-R100 and (b) SEOC-R100 samples. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

Figure 3. The solvent uptake as a function of time for the samples. [Color

figure can be viewed in the online issue, which is available at wileyonline-

library.com.]
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Moreover, comparing the stress–strain curves of SE-X com-

pounds vulcanized at different absorbed doses exhibits that the

increase in the absorbed dose leads to an improvement in

mechanical properties such as tensile strength and modulus

which is relevant to crosslinking density intensification

(Table I). The same trend of improvement in tensile properties,

due to increasing absorbed dose, can also be seen in the pre-

pared nanocomposites. For example, tensile strength of the

SEOC-R150 is about three folds of SEOC-R50’s. Another

remarkable point in Figure 4 is the effect of organoclay incorpo-

ration on elongation at break values. It is observed that at a

constant absorbed dose (above 50 kGy) and having sufficient

crosslinking density, the elongation at break of the samples is

increased by adding OC to the system. This is attributed to the

onset of a “secondary structure” being capable to dissipate the

input energy upon uniaxial loading.51 This structure is analo-

gous to the so-called “secondary structure” of the CB appearing

usually in highly filled rubbers. To attain such morphology at a

Table I. Crosslink Density of Irradiated and Sulfur Cured Samples

Unfilled samples
Crosslink density
(mol/g) 3 104 Nanocomposites

Crosslink density
(mol/g) 3 104

SE-R50 0. 203 SEOC-R50 0. 344

SE-R100 3.28 SEOC-R100 4.28

SE-R150 4.28 SEOC-R150 5.12

SE-S 3.45 SEOC-S 3.85

Figure 4. Stress–strain curves of (a) SE-RX and SEOC-RX vulcanized at

different absorbed dose; (b) SE-R100 and SEOC-R100 compared with cor-

responding sulfur cured samples. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

Figure 5. Comparing (a) tensile strength (square symbols) and elongation

at break (triangle symbols) and (b) modulus at 200% (square symbols) and

crosslink density (triangle symbols); of the unfilled (open symbols), and

filled (solid symbols) samples cured by different radiation doses and sulfur

cure system. *Since the sulfur cured unfilled sample was broken at elonga-

tion lower than 200%, therefore its modules (185%) at break is shown

here. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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low organoclay content a good dispersion of the clay is required

in the rubber matrix.51

Figure 4(b) shows the stress–strain curve of the radiation cured

and sulfur cured samples. As can be seen, the radiation cured

samples display a noticeable improvement in tensile strength

and elongation at break values as compared with the sulfur

cured ones. Comparing tensile strength and elongation at break

of the SE-S sample with the SE-R100 one’s, exhibits an

enhancement of about 27 and 215% for them, respectively. The

same comparison between SEOC-S and SEOC-R100 properties

exhibits an enhancement of about 25 and 144% for the tensile

strength and elongation at break, respectively for the latter sys-

tem. It can be explained that the gamma radiation in addition

to vulcanization causes more compatibility between the SBR

and EPDM which leads to improvement of properties.42

Comparing the increase in tensile strength [Figure 5(a)] and

modulus [Figure 5(b)] of nanocomposites (SEOC-R100 and

SEOC-R150 samples) cured by gamma radiation or sulfur cure

system (SEOC-S) with respect to that of corresponding unfiled

samples, the synergistic effect of OC and gamma radiation on

improvement of tensile strength and modulus can be seen. In

addition to these, it can be seen in Figure 4(a) that in spite of

increase in tensile strength and modulus these samples exhibit

the same enhancement of elongation at break.

Comparing the modulus of different samples shown in Figures 4 or
5(b) displays a higher modulus for the sulfur cured samples as they

are compared with corresponding radiation cure ones. This may be

Figure 6. Reduced stress/a21 of SE-RX and SEOC-RX samples. [Color fig-

ure can be viewed in the online issue, which is available at wileyonlineli-

brary.com.]

Table II. The Values of C1 and C2

Sample code C1 (intercept) C2 (slope)

SE-R50 0.0971 0.6156

SEOC-R50 0.0993 0.7447

SE-R150 0.1213 0.7683

SEOC-R150 0.3924 0.7813

Figure 7. Hardness of irradiated and sulfur cured samples.

Figure 8. (a) Elastic modulus/temperature and (b) tand/temperature of

the SBR-EPDM blend and its nanocomposites vulcanized by gamma radi-

ation and sulfur curing systems. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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due to different crosslinking bonds formed in these samples. The

crosslinking bonds formed in the sulfur cured samples are almost

poly sulfide ones (Sx), while in the radiation cured samples the car-

bonAcarbon (ACACA) bonds are formed. It can also be seen that

the more increase in the absorbed dose, the more intensification of

the modulus which is related to a raise in crosslinking density.

For further investigation, the Mooney–Rivlin curves were plot-

ted based on eq. (4).52,53

r
a2a22

5C11C2a
21 (4)

where r is the applied stress, a is extension ratio and r
a2a22 is

known as reduced stress ðr�Þ which is a measure of elastomer

stiffness. The constant C1 is a measure of the crosslink density

and is given as the intercept at a21 5 0. C2 is the slope of a

straight line in the Mooney–Rivlin plot and physical networks

such as chain entanglements and interactions between filler par-

ticles and polymer–filler can contribute to its magnitude. There-

fore, the plot of reduced stress ðr�Þ versus inverse extension

ratio ða21Þ can give useful data about the network structure

and the flexibility of the network chains.

Figure 6 shows the reduced stress ðr�Þ against inverse extension

ratio ða21Þ of unfilled (SE-RX) and filled (SEOC-RX) samples

irradiated at maximum (150 kGy) and minimum (50 kGy)

doses. It can be seen that the obtained curves are found to be

linear in the intermediate region. The value of C1 and C2 are

reported in Table II.

It can be seen that the incorporation of OC as well as increase

in absorbed dose results in an increase in both C1 and C2

values.

It is worth mentioning that the impact of OC content is more

significant at lower absorbed dose on non-Gaussian aspect of

the networks. This is due to improvement of radical–radical

interaction and formation of physical crosslinks.27,54 At higher

absorbed dose the presence of OC significantly affects the C1

values and represents its effect on the increase in crosslink den-

sity of the sample. Hardness of different samples is presented in

Figure 7. It is observed that the hardness values of the samples

follow a trend similar to the modulus which was explained

above. The same explanation can be employed here for the vari-

ation of the hardness.

Table III. Glass Transition Temperature and tand Value of the Samples

Glass transition
temperature (Tg) tand

SE-S 245.5 1.4275

SEOC-S 245.5 1.2093

SE-R100 232 0.9056

SEOC-R100 235.9 0.7589

Figure 9. SEM micrograph of the fracture surface of (a) SEOC-S, (b) SEOC-R, (c) SEOC-S at different magnifications.
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DMTA Results

Figure 8 demonstrates the dynamic elastic modulus (E0) and the

mechanical loss factor (tand) as a function of temperature for

the SBR-EPDM blend and its nanocomposites vulcanized by

gamma radiation and sulfur curing systems.

As can be seen in Figure 8(a), supplementing organoclay to the

blends leads to an increase in the dynamic elastic modulus (E0)
in the glassy, glass transition, and rubbery regions. This may be

related to the increase in CLD and possible intercalation of the

rubber chains between the interlayer spaces of the OC. By inter-

calation of the rubber chains between the interlayer spaces of

the OC, the effective volume fraction of the filler is increased

and enhances the elastic modulus. Moreover, it is observed that

the compounds cured by the gamma radiation, in comparison

to their corresponding sulfur cured ones, show a higher

dynamic elastic modulus. It can be explained that using gamma

radiation improves the interaction between the polymer compo-

nents in the compound through its capability to create radicals

on the polymers backbone.

Figure 8(b) and Table III display that adding OC to the com-

pound results in a moderate reduction of tand peak height in

both nanocomposites either cured by the sulfur or gamma radi-

ation. As discussed in the previous sections addition of OC

resulted in a greater CLD in the compound. Therefore, the

decrease in tand peak height in the samples with OC in com-

parison to that of corresponding unfilled samples, can be attrib-

uted to increase in CLD as well as the interaction between OC

and rubbers and also the possible intercalation of the rubber

chains between the interlayer spaces of the OC. The reduction

in peak height due to adding OC has been reported in other

articles.55–57

As the rubber chains are confined in the OC layers, the viscous

motions of the chains are restricted and lead to an increase in

the elastic response. Moreover, in comparing the DMTA results

for the samples vulcanized by different curing systems, a signifi-

cant reduction of tand peak is observed for the radiation cured

samples, which can be related to the greater crosslink density

and also higher compatibility between the phases in radiation

cured samples. On other hand, Table I depicts no significant

difference between crosslink density of the sample (SE-S) cured

by the sulfur and that (SE-R100) was irradiated at 100 kGy.

Therefore, it can be explained that, in this work, the higher

compatibility between the phases due to irradiation has more

effect on the reduction of tand peak. The higher glass transition

temperature (Tg) of the radiation cured samples in comparison

to corresponding sulfur cured ones (Table III), also confirms

the higher compatibility of the components in the irradiated

samples.

FE-SEM Results

The SEM micrograph of the fracture surface of SEOC-S and

SEOC-R samples are shown in Figure 9(a,b), respectively. It can

be seen that the fracture surface of SEOC-R is rougher than

that of SEOC-S sample, which is attributed to their different

failure mechanisms. The failure mechanism in the SEOC-S sam-

ple is through delamination occurred at the interface of clay

platelets and the rubber matrix. This behavior is indicative of

weak interfacial interaction (with respect to SEOC-R sample)

between the clay and rubber matrix and results in a smooth

fracture surface. On the other hand, a rough fracture surface of

the SEOC-R sample as compared with that of SEOC-S exhibits

more compatibility between phases in this sample. This can be

attributed to the compatibilization effect of gamma radiation.

The SEM micrograph illustrated in Figure 9(c) shows that the

clays are well dispersed in the rubber matrix.

CONCLUSIONS

In this work, SBR/EPDM blends and their nanocomposites

(EPDM/SBR/OC) were prepared and vulcanized by the gamma

radiation and sulfur cure system. Characterization and meas-

uring properties of the samples displayed an intercalation struc-

ture and good dispersion of the OC. Incorporation of 5 phr of

the OC resulted in a significant increase in tensile strength and

elongation at break of the samples. By the way obtained results

showed that the solvent resistance and tensile strength were

improved by increasing the absorbed dose. Mooney–Rivlin plot

confirmed the increase in crosslink density and interaction

between rubbers due to presence of OC and increasing absorbed

dose. The DMTA analysis showed a reduction in the height of

the tand/temperature peak for the nanocomposites in compari-

son to their corresponding unfilled blends. A similar variation

of tand/temperature peak height was observed for the radiation

cured sample in comparison to sulfur cured one’s, which was

attributed to the compatibilization effect of the gamma

radiation.
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