
Styrene Butadiene Rubbers (SBRs) 
are among the most useful 
synthetic rubbers. They can 
be produced by two different 

methods of polymerization: emulsion 
and solution. These two polymerization 
methods lead to different final properties.

In general, SBRs produced by the 
solution method (S-SBRs) have narrower 
molecular weight distribution (MWD), 
higher content of cis-1,4 structure, and 
lower glass transition temperature (Tg), 
compared with the SBRs produced by the 
emulsion method (E-SBRs). Therefore, 
compounds based on the S-SBR grades 
have better dynamic properties; namely 
higher elasticity, more flexibility, and 
lower heat build-up. This makes them 
suitable to be used in passenger tire tread 
compounds. Generally, using S-SBRs in 
tire tread compounds leads to better grip, 
longer life, and lower rolling resistance.

In this work two solution grades of 
SBR, Buna KA8973 and Buna KA8974 
(denoted respectively by S-1 and S-2), 
and an emulsion grade, SBR1712, have 
been used. SBR1712 contains 23.5% 
styrene, and both solution grades contain 
25%. All three grades are also extended 
with 37.5phr oil.

Oil extraction was carried out on the 
rubbers to remove the oil content from 
the bulk of the elastomers, using acetone 
as a solvent. The rate of the oil extraction 

from the rubbers has been registered. The 
oil-extracted elastomers were dissolved  
in low concentrations in toluene, and 
intrinsic viscosities of the solutions were 
determined, which can be related to the 
average molecular weight, using the 
Mark-Hauwink-Sakurada equation:

[η] = KMa

[η] is the intrinsic viscosity, ‘M’ is the 
average molecular weight, and ‘K’ and  
‘a’ are constants.

Intrinsic viscosity itself is the slope  
of specific viscosity as a function of 
concentration. The value of specific 
viscosity can be calculated from the 
equation below:

ηsp=(η-ηs)/ ηs

η and ηs are the viscosities of the 
solution and the solvent, respectively.

The compositions of the prepared 
compounds are listed in Table 1. 
Masterbatches have been made in a 1.5-
liter Pomini Farrel internal mixer. The 
prepared masterbatches were mixed with 
curatives on a Pomini Farrel two-roll mill. 
Preparation and curing of all compounds 
have been done in the same conditions.

The curing characteristics of the 
prepared compounds were evaluated 
using an ODR2000 Oscillating Disk 

Rheometer at 160°C. Mechanical 
properties of the vulcanizates were 
measured using an Instron 5565.  
A Zwick hardness tester was employed  
for measuring Shore ‘A’ hardness of the 
vulcanized samples. The amount of  
heat-build up of the filled compounds  
was determined by a Goodrich Doli 
flexometer. It was not possible to run a 
heat build-up test for unfilled compounds 
because their deformations were more 
than the instrument’s limits. This test was 
carried out at an initial temperature of 
100ºC for 30 minutes for each sample.

It can be seen in Figure 1 that, 
although SBR1712 has higher intrinsic 
viscosity compared with S-1, its Mooney 
value is lower, which is due to its broader 
molecular weight distribution, and that 
the Mooney values of solution grades, 
both having a narrow MWD, are 
proportional to their molecular weights.

The molecular weight distribution 
effect can also be seen in solvent 
extraction rate of the three elastomers (see 
Figure 2). It can be seen that the emulsion 
SBR loses more weight, at a faster rate, 
compared with the two solution grades,  
in which extraction rates are almost the 
same. The faster extraction in SBR 1712 
can be attributed to its broader molecular 
weight, which facilitates the diffusion  
of solvent to the bulk of the elastomer.  
On the other hand, despite difference  
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Table 1: Composition of the prepared compounds
ACF ABF AC AB CF BF AF C  B A Compounds

68.75 68.75 68.75 68.75 - - 137.5 - - 137.5 ESBR1712

- 68.75 - 68.75 - 137.5 - - 137.5 - SSBR (S-1)

68.75 - 68.75 - 137.5 - - 137.5 - - SSBR (S-2)

68.5 68.5 - - 68.5 68.5 68.5 - - - N-339

3 3 3 3 3 3 3 3 3 3 Zinc Oxide

1 1 1 1 1 1 1 1 1 1 Stearic Acid

1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 Sulfur

1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 TBBS
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in molecular weights of the two solution 
elastomers, indicated by the difference  
in their intrinsic viscosities, they have  
no considerable difference in the rate  
of extraction and amount of the extracted 
oil until four extraction steps.

Knowing the fact that solution  
SBRs have narrow molecular weight 
distribution one may conclude that,  
in this case, in the range of sufficiently 
high chain lengths, a further increase  
in the molecular weight would have  
no considerable effect on solvent  
diffusion in the bulk of material.

As can be seen in Figure 3,  
Mooney viscosity values of the prepared 
compounds are comparable with those of 
the corresponding elastomers. Viscosity of 
the unfilled or filled compounds based on 
blends of emulsion and solution SBRs are 
lower than those of compounds based on 
a solution SBR grade. It suggests that the 
blending of a solution grade of SBR with 
an E-SBR can improve its processability 
due to the broadening of the MWD.

Curing behavior of compound ‘A’ 
containing the emulsion SBR was found to 
be different from that of each solution SBR 
compound ‘B’ and ‘C’, which have similar 
curing behaviors (see Table 2 and Figure 
4). But no considerable difference was 
recognizable in the case of the filled 
compounds AF, BF, and CF. It is shown 
that compound ‘A’ shows lower minimum 
torque (ML) which is comparable to the 
Mooney results, and higher maximum 
torque (MH) compared with ‘B’ and ‘C’. 
That is in accordance with the vulcanizates 
mechanical properties: hardness and 
tensile strength, as listed in Table 2.

It can be seen that compound ‘A’ 
containing SBR1712 has the highest 
hardness and tensile strength compared 
with compounds ‘B’ and ‘C’, which 
contained S-1 and S-2. Also, in carbon 
black-filled compounds, although there is 
no considerable difference between the 

hardness of ‘AF’, ‘BF’, and ‘CF’, the tensile 
strength of ‘AF’ is greatly higher than that 
of the two other compounds containing 
the solution SBRs. It has also been shown 
that in both unfilled and filled states, 
compounds contained S-1 and S-2, have 
similar hardness and tensile strength. So, 
for these grades of solution SBRs, having 
no significant effect on the hardness and 
tensile strength, the molecular weight  
is not important in determining these 
mechanical properties. Of course this 
conclusion can only be correct if the 
molecular weight is high enough.

Considering the higher Mooney  
value of the compound made of a solution 
grade with higher molecular weight (S-2), 
compared with the compound made of  
S-2, which results in more difficult 
processability, knowing that according  
to our results having higher molecular 
weight does not necessarily end up in 
better mechanical properties would be 
helpful in designing compounds based  
on these elastomers. It can also be seen  
in the same table, that blending of the 
solution grades of SBR with the emulsion 
one increases their tensile strengths, while 
improving the processing behavior of 
solution SBRs, without reducing their 
Mooney viscosity values.

Figure 5 shows that, as expected, 
compound ‘AF’ has higher heat build-up 
compared with compounds ‘BF’ and ‘CF’, 
because of its broader MWD. Comparing 
compounds based on the two solution 
grades, ‘CF’ has slightly less heat build-up 
than ‘BF’, which means that the 
compound containing the elastomer with 
a higher molecular weight has less amount 
of heat build-up. This difference is not 
very high, showing the importance of 
other parameters, such as filler-rubber 
interaction in heat-build up of the 
compounds. Finally, the compounds 
containing the blends of two grades of 
SBR show much lower heat build-up  

relative to the compound based on  
SBR 1712, ‘AF’, and although these 
compounds are based on a 50:50 blend  
of the solution and emulsion elastomers, 
the increases in heat build-up, compared 
with ‘AF’ are less than expected. In other 
words their heat-build up values are not 
much higher than those of ‘BF’ and ‘CF’.

It is known that emulsion and  
solution SBRs have different molecular 
macrostructures (MWD, degree of 
branching, etc), which affects their 
processing behavior and final properties. 
Solution SBRs are now widely used in the 
tire industry, especially in passenger tire 
treads due to their relatively lower heat 
build-up, and better abrasion resistance 
and dynamic performance compared  
with the emulsion grades, while emulsion  
SBRs are also still widely used. In this 
work considering several mechanical  
and processing properties of three SBRs, 
each of the elastomers showed some 
advantages and disadvantages, but when 
making blends it was possible to reach  
a balance between these properties.

Higher Mooney and lower tensile 
strength of the employed solution grades, 
and higher heat build-up of the emulsion 
grade were improved by blending with 
the other type. Finally, it is obvious that 
the tests which have been done in this 
research are not enough to judge final tire 
performance, and it should also be 
mentioned that heat build-up and tensile 
strength results of the prepared 50:50 
blends were better than expected, but it 
also seems that by blending some amount 
of an emulsion SBR, it is possible to 
facilitate the processing of a solution SBR, 
and it might even be possible to improve 
its mechanical properties without having  
a negative effect on heat build-up. tire
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Table 2: Characteristics and properties of the prepared compounds. ML and MH are the lowest  
and the highest ODR torques, respectively; TS is tensile strength; and HBU is heat build-up

Compound A B C AF BF CF AB AC ABF ACF

Mooney Value 28.8 38.4 52.8 67.3 83.2 91.2 38.1 40.8 65 73.5

t10(min) 12.23 13.65 13.92 6.67 6.67 6.79 15.4 15.09 7.88 7.85

ML(lb.in) 2.98 3.5 4.55 8.14 8.34 9.43 3.06 3.03 6.36 7.53

MH(lb.in) 18.53 15.24 15.46 34.21 32.20 33.73 13.30 14.86 28.41 30.99

MH-ML(lb.in) 15.55 11.74 10.91 26.07 23.86 24.30 10.24 11.38 22.05 23.46

Hardness, Sh.A 32.5 28 29 62.5 60 61 30 32 62 63

TS, Kg/cm 11.4 9.8 9.9 197.8 146 148.2 11 13 198 200

HBU (°C) - - - 45 34.5 32.5 - - 36.5 35.5
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