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Abstract. The preparation method of an elastomeric blend can influence the mechanical properties 

of the vulcanized compound. In this research elastomeric blends composed by natural rubber and 

styrene butadiene rubber were mixed using two different methods: by mixing in a roll mill and by 

dissolution of both elastomers in toluene, mixing of both solutions with the curatives and the 

evaporation of the solvent. Samples with different Natural Rubber/Styrene Butadiene Rubber 

relation were prepared by both methods and vulcanized at 433K with a system based on sulphur and 

accelerator (N-t-butyl-2-benzothiazole sulfenamide) up to the time of optimum cure.  

The blend composition and the preparation methods have a strong influence in the mechanical 

dynamic properties. Scanning Electron Microscopy observations indicate that, in the blends 

prepared by the dissolution method, the samples show better miscibility of the constitutive phases 

than those prepared by the roll milling method. 

The temperature dependence of the internal friction was studied for each sample using a 

subresonant forced pendulum at 1 Hz between 190K and 250K. Depending on the blend 

composition, one or two glass transition temperatures (Tg) associated to the α-relaxation were 

measured. In the last case each Tg corresponds to each elastomeric phase of the compound. 

The loss tangent data for each compound was analyzed using a mixture law of two phases in the 

frame of the Rouse theory. The adjustment of the data to the proposed model was very good for 

both preparation method and the whole composition range of the compounds. Then it was possible 

to obtain the Tg, the main relaxation time and the activation energy values of each compound and, in 

some samples, the respective values for each elastomeric phase.  

Introduction 

Blends composed by natural rubber (NR) and styrene butadiene rubber (SBR) are one of the most 

used rubber blends for industrial purposes.  The main reason for blending polymers is to obtain a 

new compound that combines the properties of the constituents without the development of a new 

synthesis process.  The elastic behaviour is dramatically changed by the vulcanization reaction, 

using in the present research sulphur and TBBS (N-t-butyl-2-benzothiazole sulfenamide) as the cure 

system.  The present work continues the research line related to elastomer blends that we are 

developing in our investigation group [1,2].  

Dynamic mechanical measurements are very useful for analyzing the correlation between the 

compound structure and the mechanical response.  The principle of the experiment is to set a 

periodic stress σ with an angular frequency ω.  Under low deformation the linearity of the stress-

strain relation assures that the strain ε is periodic with the same frequency and has a phase lag δ.  

The anelastic behaviour of the material can be described by the complex modulus G*=G’+iG” 

where G’ and G” are the storage and the loss (or dissipation) modulus respectively.  The internal 

friction that is related to the loss energy per cycle is defined as:  

.'" GGtg =δ              (1) 
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In the case of polymers, the subresonant method should be used because of the difficulty to measure 

small phase angles. In this frame, the measurement can be conducted either over a range of test 

temperatures at a constant frequency (isochronal) or at different frequencies for a constant 

temperature (isothermal) [3].   

In particular, if we study the behaviour with temperature, there is a point when the temperature of a 

polymer melt or rubber is lowered, the glass transition temperature Tg, in which these materials 

become rigid and undergo a marked change in properties, like mechanical modulus and energy 

absorption. This transition is associated with a restriction of local molecular motion, so there is no 

relative displacement among the polymer chains. 

In this paper we studied, for vulcanized blends with different NR/SBR relation, the influence of the 

preparation method on the miscibility and the crosslink structure in the blends, and their 

consequences in mechanical properties. In particular we were interested in distinguishing phases in 

the internal friction-temperature curves by the glass transition temperature Tg. By this analysis we 

can infer the degree of miscibility according to the composition and the preparation method.    

Material and Methods 

The rubber compounds were prepared with natural rubber (NR-SMR20) and styrene-butadiene 

rubber (Arpol (E-SBR) 1502 provided by Petrobras). The molecular weights of the polymers (Mn) 

and the polidispersion, measured by GPC, are 128.260 g/mol and 3.8 for SBR and 178.830 g/mol 

and 6.35 for NR respectively.  

The blend formulation was based on the system of cure composed by sulfur and TBBS with the 

following quantities (in per hundred of rubber): 2phr of stearic acid, 5phr of zinc oxide, 2.25phr of 

sulfur and 0.7phr of accelerator (TBBS).    

Two methods for the blend preparation were used: 

a) Roll mill mixing. The method consists in mixing all the components in a laboratory mill at 

323K.  In a first step the elastomers were mixed in the proportions indicated in Table 1 (Mill 

preparation). Then the chemicals were added to obtain the final compound.  Seven different samples 

were made by this method. 

b) Solution mixing. A previous dilution of NR in toluene was made to remove precipitated 

impurities. The pure solution was allowed to evaporate the solvent.  In a second stage, NR and SBR 

were diluted separately in toluene with a concentration of 20 gr/l and 18gr/l respectively. The 

blends were prepared in solution with the composition indicated in Table 1 (Solution preparation), 

then the chemicals were added and mechanically homogenized. Finally the solvent was evaporated 

at room temperature.  Six different samples were made using this method. 

 

Table 1. Compound formulations and values of t100, and ∆τ obtained by rheometric measurements at 

433 K (Figure 1) for both methods. 

 

Solution preparation 
NR [phr] - 30 50 70 80 100 

SBR [phr] 100 70 50 30 20 - 

t100 [min] 87.6 47.2 41.6 25.1 16.7 10.6 

∆τ  [N.m] 0.75 0.71 0.72 0.67 0.57 0.55 
 

 

Mill preparation 

NR [phr] - 10 25 50 75 90 100 

SBR [phr] 100 90 75 50 25 10 - 

t100 [min] 42.3 38.5 34.4 24.8 17.0 12.8 10.7 

∆τ  [N.m] 0.84 0.82 0.80 0.74 0.65 0.70 0.67 
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The compounds obtained by each method were characterized by torque rheometric curves at 433K 

in a Alpha MDR2000 rheometer.  From these curves is possible to obtain the time t100 to achieve the 

maximum torque τh, and the minimum torque τl. From them, ∆τ = τh-τl was estimated, which is 

related to the elastic behavior of the materials. The values of t100 and ∆τ are shown in Table 1 for 

each sample.  

Strip samples of dimensions (50x4.5x2)mm
3
 were cured in a mold at 433K up to time t100 to ensure 

that the vulcanization reaction was completed. At the end of the curing cycle,   the samples were 

cooled rapidly in an ice-water bath to stop the vulcanization reaction. 

The loss tangent was measured with a sub-resonant forced pendulum under He atmosphere at 0.2 

Torr. The strain amplitude was maintained constant at a low value to guarantee the linear 

viscoelastic behavior.  The measurements were made at a constant frequency of 1 Hz with a 

temperature ramp of 0.5K/min in the range from 190 to 250K.  As is usual in a sub-resonant 

pendulum, the experimental data of tanδ vs. temperature were analyzed assuming a background 

exponential of loss tangent using the relationship [4]: 

 

tanδ=a0+(a1/T).exp(-H/kT).            (2) 

 

where a0, a1 and H are adjusting constants and k is the Boltzmann constant.  This background was 

subtracted for all data of tanδ vs. temperature. 

Samples of the blends 100/0, 75/25, 50/50, 25/75 and 0/100 NR/SBR by mill preparation and 100/0, 

70/30, 50/50, 30/70 and 0/100 NR/SBR by solution mixing were analyzed by scanning electron 

microscopy (SEM).  The sample preparation for this technique was the reported in [5]. 

Results and discussion 

Dynamic Mechanical tests. Fig. 1(a) and (b) shows the temperature dependence of the tanδ for all 

the compounds prepared by the roll mill and by solution mixing respectively. There is a higher 

value in the maximum of tanδ in the samples prepared by the solution technique. Fig. 1(c) gives the 

variation of tanδ of some compounds with similar composition reached by the different preparation 

methods. To analyze the differences it is necessary to go deeper into eq. (1). The elasticity of 

vulcanized rubber, expressed by the shear modulus G’, is the result of two contributions [6]: 

entanglements present in the polymer chain structure and chemical crosslinks generated by the 

vulcanization reaction. 
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Fig. 1. Isochronal internal friction spectra.  Compound prepared by: (a) Roll mill, (b) Solution 

mixing (c) Comparison of compound with the same composition but different preparation 

method.  The continuous line corresponds to the fit according to Eq. 3-5. 
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In a previous work of our research group, the variation of tanδ with the vulcanization level was 

studied in SBR [7]. It was found that the sub-vulcanized samples showed a higher value in loss 

tangent compared with those cured at the optimum vulcanization time. These samples have less 

chemical crosslinks, so they have a lower G’ value. In the present work all the compounds were 

vulcanized up to the optimal cure and the difference observed in Fig. 1(c) should be explained by 

the preparation method.  In the case of the solution mixing, each elastomer is dissolved in toluene, 

which is a good solvent for NR and SBR, and the polymer chains will disentangle and uncoil during 

the dissolution process [8].  So the restrictions are reduced and the elasticity too, producing a higher 

maximum in loss tangent for the samples prepared by solution mixing. 

In order to characterize the α-transition process for these compounds of two different elastomer, we 

have used Eq.(1) with a mixture law:  

 

.'" ∑∑ ΦΦ=
i

ii

i

ii GGtgδ              (3) 

 

where φi is the volume fraction of rubber i for the non-pure compounds.  The dependence of the 

modulus with the frequency has the relationship [9]: 
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where GR and GU are the relaxed and unrelaxed modulus  respectively.  The temperature 

dependence is introduced in the time τ by an Arrhenius relationship:  
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where Hact is the activation energy associated to the transition that occurs at temperature Tg and 

involves a relaxation (or induction) time τ0.  R is the Universal gas constant.  For example, to fit the 

points obtained for the compound 40NR/60SBR we used φNR=0.4 and φSBR=0.6 in eq. (3), and we 

obtained GR
NR

, GU
NR

, H
NR

, TG
NR

, τ0
NR

 for the NR phase and the corresponding parameters for the 

SBR phase.  In Fig. 1 the line corresponds to the proposed model, eq. (3)-(5).  As it can be observed 

the fit is very good.  Some of the relevant parameters obtained to adjust the experimental data to Eq. 

(3)-(5) are given in Fig. 2 as function of the NR content in the compounds. 

 

 

Fig. 2. Variation of the parameters from Eq. 5 with the NR content (a) Glass transition temperature 

Tg, (b) activation energy Hact and (c) relaxation time τ0. Roll Mill method: ■(NR), ●(SBR).  

Solution method: □(NR), ○(SBR).   
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In Fig. 2(a), two values of Tg can be observed, corresponding to each phase when the compounds 

are richer in SBR and in the blend 50NR/50SBR.  In a previous work [1] it was found that there is a  

shift  to  a  lower  transition  temperature  when  the  crosslink  level  is  reduced.    In the case of 

unvulcanized SBR, Tg =119.5K was obtained.  In the NR/SBR blends prepared in this work, the 

SBR phase does not reach the optimum degree of cure because the necessary time of vulcanization 

to achieve it is higher. In Fig. 1(a) and (b) it is shown that tanδmax
SBR

 is shifted to lower 

temperatures when the SBR content decreases in the blends.  This is due to the fact that in those 

samples the SBR phase is not completely vulcanized, so, Tg
SBR

 would be near to 119.5K and this 

value is close to the Tg
NR

.  Then it is not possible to distinguish the phases because the SBR peak is 

masked by the NR peak.  A similar behaviour is found for the activation energy Hact in Fig. 2(b) and 

in the induction time τ0 in Fig. 2(c).  

 

Scanning Electron Microscopy (SEM). The morphology of the blends depends on their 

compositions, viscosity of the individual components [10] and processing history.  In this work we 

deal with the 3 cases.  The viscosity of each rubber/toluene solution, used to prepare the blends, 

with this technique, was 9.8cp for SBR and 55 cp for the NR phase.  The SEM images observed in 

Fig. 3 show that the microstructure is strongly affected by the preparation method.  Fig. 3(a)-(c) are 

the images for the blends prepared by roll mill for different composition, an under each one, in 

images (d) to (f), are the similar blends prepared by solution mixing.   The holes observed in the 

samples prepared by the roll mill method correspond to the SBR phase that did not reach the 

optimum degree of vulcanization, which was chemically extracted [11].  For the solution 

preparation method, the holes are not observed, which indicates that the domains size reached are 

smaller and it indicates an improvement in the miscibility between the NR and SBR. This fact 

explains the differences founded in the tanδ  vs. temperature curves in the case of the compounds 

25NR/75SBR prepared by roll mill compared with the blend 30NR/70SBR mixed by solution ( Fig. 

1(a) and (b)).   

 

 
 

 

Fig. 3. SEM micrographs for similar compounds with different preparation method: Roll mill 

(NR/SBR) (a) 25/75 (b) 50/50 (c) 75/25; Solution mixing (NR/SBR) (d) 30/70 (e) 50/50 (f) 

70/30. 

In the first compound the corresponding peaks to each phase are more separated than in the sample 

prepared by solution, which indicates a better miscibility of the last one. While domains can be 

defined in SEM images for compounds prepared by solution when the SBR phase is minority, it is 

Roll Mill (a) (b) (c) 

Solution (d) (e) (f) 
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not possible to distinguish the Tg of each phase in their their curves of tanδ  vs. temperature in Fig. 

1(b).  This fact reinforces the hypothesis that the SBR peak that belongs to a less vulcanized phase 

is masked by the NR peak, as was explained in the previous section.   

Summary 

The preparation method of the NR/SBR blend previous to the vulcanization has a strong influence 

in the microstructure reached and the mechanical properties.  The samples prepared by the solution 

method showed larger values in tanδ than the ones prepared with a roll mill, and this is due to an 

effect of disentanglement of the polymer chains when they interact with the solvent.   

The variation of loss tangent with temperature was successfully fitted by a mixture law applied to 

the shear moduli and the Rouse theory   

The samples prepared by the solution method have a higher miscibility than the ones prepared with 

the roll mill. This is observed in the shape of the dynamic curves and in the SEM micrographs too.  
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