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The influence of preparation methodology of vulcanized elastomeric blends of natural
rubber (NR) and styrene butadiene rubber (SBR) on the phase morphology and network
structure has been studied. Two different compounding methodologies have been applied:
(i) mechanical mixing in a two-roll mill and (ii) blending in solution, by dissolving the
elastomers in an appropriated solvent.
Samples with different NR/SBR ratios were vulcanized by using a conventional cure sys-

tem based on sulfur and TBBS (n-t-butyl-2-benzothiazole sulfenamide) as accelerator. The
phase distribution of rubber matrices in the blends was investigated by transmission elec-
tron microscopy (TEM), identifying differences in the compounds according to the prepa-
ration method.
Weak residual dipolar couplings caused by the existence of cross-links and topological

constraints in vulcanized samples were characterized by using proton multiple-quantum
(MQ) NMR spectroscopy. The structural results obtained by NMR and equilibrium swelling
experiments were compared and complemented with viscosity measurements.
It was found that the preparation method has a strong influence on the phase morphol-

ogy of blends and the molecular network structure of each rubber phase, with an important
variation in the entanglements contribution, which is more pronounced when the prepared
blends are richer in NR.

� 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Elastomeric blends are of great industrial interest since blending is a relatively simple fabrication process for elastomers
which significantly improves the properties in the material when comparing with compounds made with only the pure elas-
tomers [1].

In order to predict and enhance the mechanical properties for better commercial and industrial applications of elas-
tomeric blends, it is necessary to deeply study the atomic-scale microstructure and interaction between the different phases
that constitutes the blend.

Most of the elastomers are immiscible when they are blended because the mixing contribution is endothermic and the
entropic factor is small because of the high molecular weights of those matrices [2,3]. Fortunately, miscibility is not a pre-
requisite for most of the rubber applications.
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The physical properties of immiscible two-phase blends depend on the characteristics of each constituent phase. The
morphology, viscosity and stiffness of each phase play a significant role in the properties of the uncured blend. The disper-
sion of curatives in each phase plays also an important role in the final properties of the vulcanized blend. During vulcan-
ization the creation of cross-links connecting different polymer chains forms a thee-dimensional network structure in the
compound. In rubber blends, the elastic properties of the sample would depend on the cross-link density inside each rubber
phase and additionally on the presence of cross-links that are connecting the phases, i.e. the characteristic of the interphase.

There are many different experimental approaches to analyze cross-linked polymers including osmometry, dynamical
mechanical analysis and neutron scattering among others [4–8]. Nowadays equilibrium swelling experiments based on
the Flory-Rehner approach [9,10] is the most widely applied methodology to determine the cross-link density in elastomers
[11,12], despite the uncertainties associated to the obtained results [13].

NMR spectroscopy has been applied to the study of rubber networks [14,15], being time-domain solid-state NMR exper-
iments one of the most useful and successful tools to investigate the network structure of vulcanized elastomers [16–21].
The central NMR observable is the residual dipolar couplings (Dres), characterizing local chain order arising from nonisotropic
fast segmental motions of the polymer chains, which in turn arise from constraints to the chain motion.

When unfilled elastomers are analyzed, these constraints are imposed by entanglements and in the vulcanized state the
cross-links are included. Many NMR experimental procedures have been used to estimate Dres [20–24] and it is in fact well-
known that a linear relationship exists between the network parameters determined by equilibrium swelling and by NMR
[13,16,19]. These results confirm the direct relationship between the actual NMR observable (an apparent, i.e., averaged
residual dipolar coupling, Dres) and the cross-link density [21] according to the expression:
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where Sb is the dynamic order parameter of the polymer backbone, k represents the local coupling topology and intra-
segmental motions that should be used to rescale the static coupling constant, Dstat. This expression relates Dres with the ratio
of the end-to-end vector to its average unperturbed melt state (r2 = r2/hr2i0), and with N, which represents the number of
statistical (Kuhn) segments between constrains.

Proton multiple-quantum NMR (rather than the more common measurement of transverse relaxation times) is the most
quantitative and reliable method for the measurement of residual dipolar couplings and hence to obtain local information
about the rubber network structure [21]. This technique was used for the determination of the cross-link density and their
spatial distribution [18] in different rubber matrices, including vulcanized natural rubber and styrene butadiene rubber
[18,19].

During the last years we have studied the mechanical and thermal properties of NR/SBR vulcanized blends considering, in
particular, the influence of the fraction of each elastomer on those properties. By means of several experimental techniques,
as small-angle X-ray scattering (SAXS), positron annihilation lifetime (PALS), equilibrium swelling experiments, differential
scanning calorimetry (DSC) and scanning electron microscopy (SEM), the microstructure of the blends was analyzed [25–30].

In the present work we continue such research topics studying the morphology and network structure (at molecular
scale) of NR/SBR vulcanized blends considering, in particular, the influence of preparation method of those compounds:
by mechanical mixing and by solution mixing.
2. Experimental

The blends studied in the present research are composed by NR (SMR-20) with molecular weightMn of 178,800 g/mol and
polydispersity of 6.3, and emulsion SBR-1502, Arpol (E-SBR with 23.5% of styrene) provided by Petrobras, with molecular
weight of 128,300 g/mol and polydispersity of 3.8, as it was measured by the Gel Permeation Chromatography (GPC) tech-
nique. The densities were q (NR) = 0.917 g/cm3 and q(SBR) = 0.935 g/cm3, respectively.

Rubber compounds and NR/SBR blends were prepared according to the proportions showed in Table 1. All the recipes
were based on the same vulcanization system composed by 2.25 parts per hundred of rubber (phr) of sulfur and 0.7 phr
nd recipes (in parts per hundred of rubber), and optimum cure time t100 at 160 �C for the samples prepared by mixing in solution and in a laboratory
l mill.

ion blending
502 0 20 50 80 100
SMR20) 100 80 50 20 0
(min) 10.6 16.7 41.6 53.8 87.6

roll mill blending
502 0 25 50 75 100
SMR20) 100 75 50 25 0
(min) 10.7 17.0 24.8 34.4 42.3



M.A. Mansilla et al. / European Polymer Journal 81 (2016) 365–375 367
of accelerator TBBS (n-t-butyl-2-benzothiazole sulfenamide) with 2 phr of stearic acid and 5 phr of zinc oxide that act as
activators.

The samples were prepared by using two different compounding methods:

(1) Solution blending:

This method consists, in a first step, in dissolving in toluene the NR as received with the aim of removing the impurities by
precipitation, then the purified solution was extracted and the solvent was evaporated at room temperature during two days
to get a film of purified NR.

To prepare the compounds the relations of elastomer to solvent were 18 g/dm3 and 20 g/dm3 for NR (purified) and SBR,
respectively. The viscosities of these solutions, measured at room temperature with a Brookfield viscometer, were 55 cP for
the NR/toluene and 9.8 cP for SBR/toluene solutions.

To prepare each blend, both solutions were mixed with the chosen proportions of each elastomer and the required chem-
icals according to the recipe. The mixture was further homogenized by mechanical stirring and by ultrasonic treatment in a
bath. Finally, the solvent was evaporated at room temperature for 3 days until obtaining a constant weight.

(2) Laboratory two-roll mill blending:

The pure elastomers and blends were compounded in a two-roll mill at 50 �C, following conventional procedures in rub-
ber technology. Firstly the elastomers were mixed to prepare a master batch where the other ingredients were added and
mixed until they were completely dispersed in the rubber matrices.

In order to study the influence of the preparation method on the viscosity of NR and SBR, the Mooney viscosity (ML 1 + 3
100 �C) was measured in an Alpha MV2000 Mooney viscometer, following ASTM D1646-04 standard.

The rheological characterization of these samples prepared by both methods was described in previous works of our
research group [27,28]. From this information, the rheometer curves at 160 �C were obtained and the optimum vulcanization
time, t100 (time to achieve the maximum degree of vulcanization), for each compound was obtained and summarized in
Table 1.

All samples were vulcanized at 160 �C at their respective t100 time in a hydraulic press. At the end of the vulcanizing cycle,
samples were cooled down in an ice-water mixture. Compounds prepared by the solution method were vulcanized in disks
of 17 mm diameter and 2 mm thickness, whereas vulcanized sheets of 150 � 150 � 2 mm3 were obtained for samples pre-
pared in two-roll mill.

TEM images for cured samples were obtained with a Philips Tecnai 20 TEM apparatus using an accelerating voltage of
200 kV. Specimens for TEM characterization were prepared by using a LEICA EM UC6 ultracryomicrotome with a thickness
of 40–50 nm. It was not necessary to perform a previous treatment on the samples.

In recent works [28,29], the molecular weight of the network chain between chemical cross-links Mcs was determined
from swelling experiments using the relationship [9,10]:
Mcs ¼ � qð1� 2=/ÞV1v1=3
2m

lnð1� v2mÞ þ vv2
2m þ v2m

ð2Þ
where q is the density of the rubber network, / the functionality of the cross-links, v2m the polymer volume fraction at equi-
librium (maximum) degree of swelling and V1 the molar volume of solvent. v is the Flory-Huggins interaction parameter
between the polymer and the swelling agent. Sulfur cured elastomers are usually considered as a 4-functional network
and / = 4 was used in Eq. (2).

Double-quantum NMR experiments were performed at 80 �C to ensure fast enough dynamics to complete the segmental
averaging over all possible chain conformations on the time scale imposed by the NMR experiment [18,19] on a Bruker min-
ispec mq20 spectrometer operating at 0.5 T with 90� pulses of 3 ls length and dead time of 11 ls. Normalization procedure
applied to the double quantum intensity (InDQ) effectively separates the effect of temperature dependent dynamics from the
time-independent effect of network structure. The subsequent analysis of InDQ by using a numerical inversion procedure
based on a modified Fast Tikhonov Regularization [31], has been used to obtain a quantitative picture of the actual distribu-
tion function of residual couplings. Regularization procedure and data analysis for NR and SBR samples were widely
explained in a cursory way elsewhere [16–19,21,31].
3. Results and discussion

3.1. Effect of the mixing procedure on the morphology of NR/SBR blends

A first point to mention when comparing the compounds prepared with both methods is that the optimum cure times t100
measured by rheometer at 160 �C shift to higher values when the samples are richer in SBR, as it can be appreciated in
Table 1.
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The sulfenamide class accelerators, as TBBS, present a delayed action as well as a faster cure rate during the vulcanization
of rubber compounds. TBBS is soluble in toluene and this fact improves their dispersion in the compound when it is prepared
by our solution method. Then, the delayed would be more efficient in the case of the compounds prepared by this method.
The less reactivity of SBR compared with NR does that the delayed effect was more evident in this one.

Fig. 1 shows TEM micrographs of vulcanized SBR/NR blends prepared by both the solution approach and the traditional
mechanical mixing technique in a two-roll mill. These pictures reveal that the obtained phase morphology depends on the
preparation method and the composition of the binary blend. All pictures are given with the same magnification in order to
compare the obtained structures. Two domains are present: the dark one corresponds to SBR phase and the clear one to NR
domains, respectively. By means of EDAX technique it was found that the remaining zinc oxide was well distributed in both
phases.

The NR phase is identified by the presence of small particles, as grey dots, inside it in all the TEM pictures. However, these
particles are in much less quantity in the samples prepared by solution. The size of these particles was not big enough to be
analyzed and identified by EDAX, however we have a strong suspicion that these particles could be (i) impurities and non-
rubber components from the NR matrix, being partially removed during purification treatment or (ii) they could be some
fraction of high molecular weight NR that were not dissolved in toluene (swollen gel fraction) and eliminated in the purifi-
cation of the raw NR. In this sense, it has been described that the non-rubber components (mainly proteins and phospho-
lipids) of NR can interact at the molecular chain ends of the polymer, forming a tree-dimensional pseudo end-linked
network, contributing to the outstanding physical properties and characteristics of the un-vulcanized NR [32].
Fig. 1. TEM micrographs of vulcanized SBR/NR blends at different compositions and different mixing procedure. SBR is the dark phase and NR is the clear
one.
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Depending on the composition of the blend and the initial viscosity of each elastomer, it is obtained a continuous phase
with an encapsulated second phase or a co-continuous structure. Fig. 1 shows several different microstructures obtained in
this research.

The Mooney viscosity g of the pure elastomers used to prepare the binary blends are represented in Fig. 2. When the
compound were prepared by two–roll mill blending, the initial Mooney viscosities of the elastomers were g(NR) = 87 Mu
and g(SBR) = 56.5 Mu and the viscosity ratio was [g(NR)/g(SBR)]mechanical = 1.54.

In the case of the compounds prepared by solution blending, initially the elastomer were dissolved in toluene and the
viscosities measured were 55 cP for the NR/toluene and 9.8 cP for SBR/toluene solutions. Then [g(NR)/g(SBR)]solution = 5.65.
The difference in the viscosity ratios in both preparation methods implies that the morphology and phase distribution in the
blends should be different.

If the compound is richer in SBR, this is the continuous phase in samples prepared by both methods (samples 75SBR/25NR
and 70SBR/30NR) as it is shown in Fig. 1. Usually, for a blend where the viscosities of the components are unequal, the low
viscosity component encapsulates the high viscosity component and becomes the continuous phase [33]. This fact is in
accordance with the observed in these compounds.

The situation of a co-continuous phase is observed in the samples 50NR/50SBR regardless the preparation method (Figs. 1
and 3).

However, the situation is more complex for the compounds richer in NR. For both preparation methods, the continuous
phase is that of higher viscosity (NR). This result would indicate that there are other factors that are influencing the phase
distribution in these compounds. To elucidate this point more research must be done.

It can also be observed in Fig. 1 that the size of the encapsulated regions is bigger when the samples are prepared by solu-
tion, and the interphase between both phases is notoriously more diffuse than in the case of samples compounded via two-
roll mill. To stress this point, Fig. 3 shows micrographs obtained for the compound 50SBR/50NR prepared with both methods
where the differences in the interphase are evident. This can be interpreted as evidence of an interpenetration of NR and SBR
chains at the interphase, generating a region with different properties than in the pristine phases.

As shown in Fig. 2, viscosity of the raw rubbers decreases dramatically after the solution treatment, reaching a drop in the
viscosity value of 62% in the case of NR and 23% in SBR matrix. The variation of viscosity after the solvent dilution treatment
of both rubber samples could be related with the molecular reorganization, in terms of entanglements and topological con-
straints, promoted by the slow evaporation of the solvent. It should mean that disentanglement process during the solvent
dilution treatment and the subsequent re-entanglement phenomenon of the polymer chains during the elimination of the
solvent does not provide the same polymer structure, releasing some of the topological constrains present in the raw
materials.

Thermodynamically, the miscibility in polymer-solvent mixtures or polymer-polymer blends can be predicted if the val-
ues of the Hildebrand solubility parameters, d, of their components are similar [34–36]. At room temperature, the solubility
values of NR, SBR and toluene are: dNR = 16.6 MPa1/2, dSBR = 17.3 MPa1/2 and dtoluene = 18.3 MPa1/2, respectively [37]. This fact
implies a higher compatibility for SBR/toluene system than NR/toluene solution. However, the dissolution process creates a
greater drop in the NR viscosity as it observed in Fig. 2. It seems to indicate that dissolution process produces a higher vari-
ation in the entanglement structure of NR as compared to the SBR [38] because the reduction of the impurities and some of
the non-rubber components which act as natural branching points in NR.
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3.2. Network structure in vulcanized rubber blends

The network structure of vulcanized samples has been studied by equilibrium swelling and MQ-NMR experiments,
respectively. From the equilibrium swelling experiments in toluene, the molecular weight between cross-links Mcs was
obtained using Eq. (2). Then, assuming 4-functional networks the total cross-link density lcs could be defined by the follow-
ing equation [9]:
lcs ¼
q
2

1
Mcs

� 1
Mn

� �
ð3Þ
For blends, this equation can be used as a first approach considering a mixture law for the molecular weights. In Fig. 4 the
so-obtained cross-link density values are shown, demonstrating that lcs is lower in mixtures made by solution than those
prepared by mechanical mixing. The biggest difference in the cross-link density according to the compounding method is
showed by the pure compound of NR, whereas this difference is almost negligible for SBR samples. As consequence, the dif-
ferences in the cross-link density according to the preparation method scale with the amount of NR in the blend.

At this point it is important to take into account that once the polymer matrix is vulcanized, the elastic force that balances
the osmotic pressure of the solvent in equilibrium swollen networks is defined by the cross-links and the elastically active
entanglements that could be not relaxed under the swollen conditions [38,39]. Consequently, swelling test does not distin-
guish between cross-links and the elastically active trapped entanglements. Previous works [40,41] assert that the presence
of trapped entanglements in vulcanized materials is significant and they exert an important effect on the mechanical prop-
erties of elastomers [42]. Therefore the differences observed on the swelling experiments according to the blending method
have to be attributed to the variation in both the cross-link density and the entanglement constraints, being more important
the last contribution when the NR content is higher in the sample.

According to the previously discussed effect of solution blending related to the extraction of the impurities and
non-rubber component of NR, it could be expected a reduction in the topological restrictions as compared to the blends
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mechanically prepared in the two-roll mill. The significant increase in the swelling capacity of those samples should be addi-
tionally linked to a decrease in the cross-link density. The importance of non-rubber components on the sulfur vulcanization
of NR has been studied, demonstrating that proteins and nitrogenous compounds act as natural accelerator for the sulfur
vulcanization process. Consequently, the purified samples show slower vulcanization rates and cross-link densities as
compared to raw NR counterparts [43]. This effect was observed in a previous work of some of the authors were the cure
rate was analyzed [44].

On the other extreme, SBR samples show similar swelling behavior independently of the processing approach (Fig. 4).
Assuming that vulcanization reaction (and hence the cross-link density) is not affected for SBR compounds, the supposed
variation in the entanglement structure according to the decrease in the Mooney viscosity on un-vulcanized SBR sample
after its dilution treatment does not provoke an observable effect on the equilibrium swelling degree.

Opposite to the swelling experiments, 1H MQ-NMR experiments provide direct evidences about the dipolar couplings that
depend on the constraints to the segmental polymer motions, independently of their nature [18,19,21,45,46]. According to
this statement, the NMR observable depends on the rubber network structure and it contains quantitative information of
both cross-links and entanglements without any model dependence [21] and completely free of the uncertainties associated
to the complex thermodynamic of the swelling process in rubber networks [13]. Additionally, MQ-NMR experiments provide
information about the distribution of the dipolar couplings, which supposes a step forward in the characterization of the rub-
ber network structure. Fig. 5 shows the distributions obtained after the numerical inversion procedure of InDQ for pure sam-
ples based on NR and SBR, respectively. This regularization analysis is able to discriminate between located network
heterogeneities with phase separated morphology and randomly (homogeneously) distributed network heterogeneities as
it has been demonstrated [31]. The studied rubber blends show a phase separated morphology (see TEM images in Fig. 1)
and consequently, a bimodal spatial distribution of dipolar couplings, corresponding to the network structure for the two
rubber phases, would be expected in the NMR experiments. Unfortunately the dipolar coupling distribution for the
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individual networks (NR and SBR, respectively) is very similar in average and they clearly overlap as it is showed in Fig. 5.
This fact prevents the differentiation between different blend morphologies by using the NMR data, but they are quite useful
to analyze (without any additional uncertainty) some of the structural parameters that define the network structure in poly-
mer blends.

In the case of NR sample, the distribution of dipolar couplings is very narrow because this rubber is a homo-polymer from
isoprene monomer. It means that any variation in the spatial distribution of cross-links will implicate an important and obvi-
ous variation in the measured distribution of dipolar couplings. At the other extreme, we have a random co-polymer of styr-
ene and butadiene (SBR), characterized by a broader distribution of dipolar couplings because of the chemical structure of
the polymer backbone, so the weaker effects resulting from heterogeneities in the network structure will be diluted in those
samples.

It is possible to characterize the average value (Dres) and the standard deviation (r) that defines the distribution of dipolar
couplings extracted from the regularization procedure. The standard deviation is normalized with respect to the mean value
of the distribution (r/Dres) in order to be able to compare the broadness of different distributions. These values are shown in
Fig. 6a and b, depending on the amount of SBR in the composition of each blend.

It is quite important to mention that increasing residual dipolar couplings with the addition of SBR to the blend would not
be directly ascribed to the cross-link density because in each case the scaling factor Dstat/k would be different (see Eq. (1)).
Only in those samples with the same NR/SBR content, differences on the measured residual dipolar coupling could be
directly related with changes in the network structure. In this sense, it is important to point out the reduction in the aver-
aged residual dipolar coupling observed in the NR compound prepared by solution method compared to the mechanically
mixed counterpart. To avoid any error in the NMR measurements, the pure NR samples prepared by both methodologies
have been measured on several occasions showing similar results. These results confirm the decrease in the constrain den-
sity (cross-links and entanglements) observed in the equilibrium swelling experiments caused by the dissolution of NR. The
presence of non-rubber components in the raw NR (prepared in the two-roll mill) not only increases the cross-link density,
but also promotes some slight broadening of the spatial distribution of cross-links.

The next step in this study was the simulation of theoretical residual dipolar coupling distributions that should have the
NR/SBR blends according the network structure of pure NR and SBR elastomers by applying a mixture law. This approach has
been demonstrated to be valid for samples with phase separated morphologies [31]. Consequently, a metadata set for each
rubber blend was obtained by averaging experimental data for pure elastomers according the known weight fractions of
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each component. The so-obtained build-up curves were analyzed by using the regularization procedure. Fig. 7 shows the
comparison between theoretical distributions (based on the metadata set) and the experimental results obtained from
the NMR measurements of different blends.

The biggest differences between the experimental and theoretical values are obtained in those blends compounded in
two-roll mill with a higher content of NR. In the case of the samples prepared by mechanical mixing, the addition of
25 phr of SBR to the NR matrix causes a decrease of approximately 8% in the averaged dipolar coupling constant with respect
to the expected value according to the mixing law. Assuming that all sulfur atoms are involved in the formation of cross-links
(or at least a similar concentration) for all the studied samples, the preferential migration of the vulcanization system to one
phase suppose the decrease in the sulfur concentration in the opposite rubber matrix. According to the higher residual dipo-
lar couplings showed by the pure SBR with respect the NR matrix, the decrease in the experimental dipolar couplings can be
attributed to the under-curing degree of the SBR phase [27], which correspond to lower cross-link density for these SBR
domains.

Differences between theoretical and experimental values are minimized when the fraction of SBR in blends increases as it
can be observed in the sample 25NR/75SBR where the dipolar coupling value obtained experimentally are equal to the the-
oretical one. The different behavior between these two complementary samples can be attributed to the migration of cura-
tives, that in the pair NR-SBR occurs from SBR towards NR [42]. So in the blend 25NR/75SBR the over-cured NR phase
(according to the vulcanization curve obtained from the rheometer) is receiving additional curatives from SBR matrix, mak-
ing possible to compensate the degraded cross-links caused by the reversion phenomenon [27].

Opposite to the mechanically mixed samples, the rubber blends prepared by solution show a network structure that exhi-
bits the expected behavior according to the mixture law applied to the pure samples. These results seem to indicate a greater
interaction of the chains of NR and SBR at the interphase, i.e. NR chains could be present in the SBR domains and vice versa.

To give a relative weight to this analysis is necessary to consider the uncertainties. Usually, the Dres value is assumed (in a
conservative estimation) to have an experimental error of 5%, although the experimental variability is generally lower [31].
Secondly, NR has a narrower distribution of dipolar couplings than SBR due to the chemical structure of this homopolymer.
This fact provokes that slight variations in the network structure for NR are clearly reflected in the distribution of dipolar
couplings, so this technique is much more sensitive to small changes in NR than in SBR. According to this issue, the sensi-
tivity for detecting variations in the spatial distribution of cross-links in the NR phase decreases in blends where the fraction
of SBR is higher.
4. Conclusions

The differences in the microstructure of NR/SBR vulcanized at 160 �C, produced by two type of sample preparation are
presented. Two manufacturing methods were used: by mixing in solution and in two-roll mill, which are based on different
initial viscosities in each of the used elastomers. This starting point determines the differences in the blend morphology
according to the preparation method. Immiscible blends are obtained in both manufacturing methods; however, TEM obser-
vations show a smooth contrast on the interfaces in the case of the samples prepared by solution. This fact could indicate a
better compatibility between the two phases. The obtained results reflect that the dilution process produces disentangle-
ment effects in the polymeric chains, generating the different behaviors observed in the two sets of blends.

The analysis of the vulcanized compounds by means of equilibrium swelling experiments and proton multiple-quantum
NMR show pronounced differences between the samples prepared by the two methods mainly when the blends are richer in
NR. In the case of samples prepared by the solution technique, a mixture law can be applied to adjust the residual dipolar
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coupling as functions of the elastomer composition in the blend, demonstrating an enhanced interface between both sepa-
rated phases. Opposite to this behavior, the rubber blends prepared by mechanical procedure show the preferential migra-
tion of the vulcanization system to NR phase as it has been showed by the NMR analysis.

The preparation method strongly affects the network structure of NR whereas the SBR samples seem to be almost unaf-
fected. This fact has to be ascribed to the additional purification process of NR matrix during the dilution process. Elimination
of impurities and non-rubber components provokes the drop of Mooney viscosity and the reduction in the cross-link and
entanglement density in NR because they act as branching points in the un-vulcanized samples and they behave as accel-
erators during the sulfur vulcanization. This fact is more important in those blends that are richer in NR phase.
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