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The Relation between the Componding Time and  
the Viscoelastic Behavior of Rubber Compound

Introduction

The important instruments to study the viscoelastic properties 
of the polymers are the torsional dynamic rheometers. In these 
equipments a sinusoidal strain is applied in order to assess the 
resulting complex stress of the material. The viscoelastic response 
is out phase with respect to the applied strain. Both the measured 
complex stress and the phase angle relate directly to the viscoelastic 
properties of the material [1]. Advances in mixing process and 
the concern with the quality of raw materials; have resulted in a 
significant improvement in the quality and consistency of mixed 
compound [2].

The aim of mixing process is to produce a homogenate 
compound that has the uniform dispersion of ingredients to 
give the required properties for the application. There are four 
physical steps during the mixing cycle: incorporation; dispersion; 
distribution; and plasticization. This is especially important in 
the case of carbon black; because at this stage an intimate contact 
between the surface of the carbon black and elastomer are 
developed; resulting in bound rubber. In the next step the various 
ingredients are randomly distributed throughout mass of the 
mixture and in the final stage of mixing the rheological properties 
are modified to suit subsequent operations [3,4]. On the other 
side; the viscoelastic behavior is an important key in the polymeric 
materials; especially rubber compounds [4,5]. In this work a black 
filled rubber compound based on styrene-butadiene rubber (SBR) 
was prepared using an internal mixer. The dispersion of carbon 
black in compound at various steps of mixing was studied using  

 
disperse grader images. In addition the quality of mixing was 
investigated by measuring G’ via RPA and the results compared 
with the torque variations during mixing.

Experimental

Materials

The master formulation of a tire tread compound based on 
styrene-butadiene rubber was prepared in this study. The materials 
which used as the ingredients and the formulation of the sample 
are shown in Table 1.

Table 1: Master formulation of tire tread compound.

Ingredients Phr Comments

SBR 1500 37 BIPC Co.

SBR 1712 86.6 BIPC Co.

Black N115 15 Doodeh Pars Co.

Black N375 63 Doodeh Pars Co.

ZnO 3.1 Rangineh Pars Co.

Stearic Acid 2.5 Unichema International Co.

Micro Crystaline Wax 1.25 Unichema International Co.

6PPD 1.25 Vulkanox 4020, Bayer Co.

Aromatic Oil 14 Behran Oil Co.
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Abstract	

The relation between mixing time and the viscoelastic properties of a Rubber polymeric compound was investigated through samplings in various 
mixing times and analyzing by a dynamic mechanical rheological tester and. The obtained results were compared with the torque variations during 
mixing time in the internal mixer. The changes in the shear elastic modulus (G’) at low strain amplitude were similar to the torque behavior in the 
internal mixer before and after Black Incorporation Time (BIT). The photographs at various steps of mixing were taken by Disperse Grader. It was 
found that the mixing characteristics can be predicted using G’ and the torque of mixing simultaneously. The changes in G’ and damping factor versus 
frequency were studied as well.
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Instruments

 The filled rubber compound was mixed using the SYS 90 HIB 
internal mixer from HAAKE Company. During mixing process; the 
temperature and rotor speed can be controlled and torque value is 
reported by mixing time. A Rubber Process Analyzer (RPA 2000) 
from Alpha Co. was used to investigate the viscoelastic properties. 
The photographs of carbon black dispersion were taken by Disperse 
Grader (DisperGrader 1000NT) at the magnification of 100 times.

4Test method 

The compounds were prepared in the laboratory internal 
mixer at temperature of 100 ᵒC and different rotor speeds of 40 
and 80rpm. Mixing carried out at different mixing times. First; the 
rubber was fed into the chamber and masticated for 30 second; 
then carbon black and other ingredients were added; respectively. 
Finally; the rotors were stopped and the samples were taken out 
and then were stored for 24 hours to relax the mixing stresses. The 
mixing quality (dispersity) was considered using Disperse Grader. 
To measure the viscoelastic parameters of samples; RPA 2000 was 
used within the linear viscoelastic region. In this case the frequency 
sweep tests were done at 1% strain; 100 ᵒC temperature and the 
frequency domain of 0.1–100rad/sec was done.

Results and Discussion

Figure 1 expresses the torque time curve of the mixer 
schematically and Figure 2 shows the photographs of carbon black 
dispersion (as the white particles) at several mixing times which is 

related to the marked points of Figure 1. As the photographs show 
in Figure 2; for mixing times larger than BIT (C; D and E) dispersity 
is improved and with increasing the mixing time; distribution 
of carbon black was progressed. As expected; deformation of 
elastomeric and breaking down into the small pieces and finally 
dispersion are taken place during the BIT and then; carbon black 
distribution in the rubber is begun. At the end of the BIT; torque 
reaches a maximum value and then decreases gradually until it gets 
a plateau [6]. The agglomerates of carbon black are clearly observed 
in image (2A). With increasing the mixing time these agglomerates 
are broken down and wetting occurs. In the final photograph; a 
good dispersion of carbon black in the rubber matrix can be seen.

Figure 1: Schematic torque-time curve of mixer.

Figure 2: Photographs of carbon dispersion at mixing intervals related to the marked points of Figure 1 (magnification of 100 
times).

RPA Results

 The complex dynamic shear modulus G* divided to the elastic 
and viscosity modulus (G’ and G”) by the equation (1) [7]. 

* 2 2( ' " )G G G= +   (1)

 To study the changes of G’ with the mixing time; samples were 
taken out from the internal mixer and were tested using RPA. The 
results of the frequency sweep tests are shown in Figure 3. As can 
be seen; the compounds which have prepared at different mixing 
times have the same trend. The frequency sweep results can be use 
to plot G’ curve versus mixing time at a certain frequency. Figure 
4 shows the variation of G’ against mixing time at the constant 

frequency of 1rad/sec. As can be seen before the BIT; G’ curve 
shows two maximums and then decreases and reaches to a plateau 
or constant value. This curve has an interest similarity to the torque 
curve versus mixing time during mixing.

The variation of torque and G’ can be explained by different 
steps of mixing process. The torque value of the mixer during 
mixing; relates directly to the elastic modulus of the compound. 
In fact; elastic modulus is an effective factor on the required shear 
force for mixing. Thus it is expected that the measured torque and 
the elastic modulus have the same behaviour with mixing time. 
Consequently the mixing quality can be explained by G’ using 
frequency sweep test from RPA.

http://dx.doi.org/10.31031/PPS.2018.02.000530
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Figure 3: Variations of storage modulus with frequency at 
various mixing times.

Figure 4: Elastic modulus versus mixing time at frequency 
of 1rad/sec.

Figure 5: The influence of mixing time on the elastic 
modulus at different frequencies.

Figure 5 expresses the influence of mixing time on the elastic 
modulus at different frequencies. Regarding to Figure 3; at the 
frequencies higher than 50rad/sec; the changes of G’ is negligible. 
Therefore; to compare the mixing time effect; larger frequencies 
data selected to draw Figure 5. This graph exhibits the same trend of 
G’ variation such as Figure 4 for all frequencies. The ratio of viscous 
component (G”) to the elastic component (G’) of the material is 
introduced by damping factor; tanδ; as equation (2).

"tan '
G

Gδ =   (2)

In Figure 6; tanδ was plotted against frequency at a constant 
mixing time. It can be observed that with increasing the frequency; 
tanδ decreases and then reaches a plateau zone. This plateau shows 
that the ratio of viscous response to the elastic response of the 
compound is constant in a wide frequency domain which confirms 
that the RPA results are in the linear region and reliable. 

Figure 6: Changes in tan δ with frequency at 6.5 minutes 
mixing time.

Conclusion

The effect of mixing time on the mixing quality and carbon 
black dispersion of a filled rubber compound was investigated. 
Samples based on tire tread formulation were prepared at several 
mixing times. Disperse Grader photographs obviously recognized 
the different steps of mixing and the influence of mixing time on 
carbon black dispersion. The results of frequency sweep tests from 
RPA were compared with the torque-time curve of the internal 
mixer during mixing. The elastic modulus versus mixing time; at 
first showed two peaks and after passing the BIT decreased and 
reached a plateau. This variation is similar to the torque behaviour 
of the internal mixer during mixing.
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