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SUMMARY. : Radioisotope methods have been analysed to study the sulfur dispersion and sulfur

blooming in rubber compounds. These methods can be applied to investigate physical and chemical

processes in rubber and to optimize technical conditions of tire production.



1.INTRODUCTION

In the manufacturing processes of rubber
goods, particularly tires, it is important to
retain the tack building of materials to be
stable and determined according to
technological speciffications, since weak
tack causes great difficulties during the
building of the tires and theirs
deteriorations. Such deterioration appears
as the bubbles between layers of the tire
body and unsymmetrical location of the
elements, etc. The migration of sulfur and
other ingredients would form the so -
called blooming on the surface of semi-
finished raw rubber products. The ratio of
ingredients in the recipe and the methods
of preparation besides storage conditions
of a compound and further processing
play an important role here.
In the present work, an attempt was made
to estimate the influence of selected
technological factors on the kinetics of
sulfur blooming.
Rubber compounds containing soluble
sulfur and insoluble Crystex sulfur were
made for such investigations.

2.Experiments.

The radioactivity of the 35S isotope
introduced into rubber compounds has
been measured by volumetric and surface
methods. The soluble sulfur and insoluble
sulfur Crystex were activated by neutrons
in quartz capsules. [1,2,3].
The radioactivity sulfur was mixed with
sulfur that was usually used in industry to
obtain a homogeneous mixture.. The
methods of the radiation intensity
measurements were chosen from these
reported in the literature, which are:
- liquid scintillates,
- the proportional flow- throuhh counter 2

- the Geiger-Muller counter,
- the autoradiographic method.

3. Results and Discussion.

The above-described methods were used
in a number of experiments performed in
laboratory and industriel scales to
estimate the dispersion degree of sulfur
and the sulfur blooming in rubber
compounds. The analysed factors
affecting the dispersion and blooming
were the tipe of compounds, number of
passes through a mixing mill gap,
temperature of the batch at the time of
introduced curatives, conditions of the
vulcanization, time and storage
temperature, different kind of sulfur.
During experiments on an industrial scale
the samples were taken at different stages
of the process: 1- from the discharde mill
under the mixer, 2, 3- from two
subsequent homogenizing mills, 4- from
the extruded tread. The obtained variation
coefficients proved that the considered
technological process does not provide a
satisfactory distribution of curatives in
the rubber compounds during production
but the scatter of intensity results
decreases after subsequent technological
operations. Data are plotted in Figure 1.
Visible sulfur blooming on the surface of
the rubber compound samples containing
labelled soluble sulfur stored at
temperatures of 20 and 40°C (Fig. 2 and
3). At 42°C (Fig. 4) the processes
occuring here are the reverse of
blooming. It is confirmed by the fact that
at a storing temperature of 60°C (Fig. 5)
the decrease in concentration of the
soluble sulfur on the surface is very
sharp. At a storage tempereture of 20°C
no essential change of concentration of
the insoluble sulfur Crystex OT 33 was
noticed (Fig. 6).

We showed that up 40°C the blooming of
soluble sulfur on the rubber compounds
surface is observed. At higher
temperatures this bloom gradually
disappears. Why ? To answer this
question additional experiments on
sublimation and oxidative degradation of
sulfur during storage at different
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temperatures were performed. The mass
decrement was analysed by the
radioisotopic (35S) and gravimetrical
method. Taking into account that in the
rubber compound the sulfur
concentration is smaller than during
discussed above model experiments, the
influence of sulfur sublimation and
oxidation on the surface concentration of
sulfur is too small to change substantially
our conclusions shown in the Figs 2-6
and previous results of experiments of
blooming process.
These problems are to be solved in the
future.
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Fig.1 Comparison of variation coefficient at different stages of tire production.
A-intensity of radiation measured by G-M counter.
B-intensity of radiation measured by flow-through counter.
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Fig.2 Rubber compounds stored at 2Cf C.
1-mixing at 10^C, 2-mixing at
3-mixing at
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Fig.3 Rubber compounds stored at 40fC.
1-mixing at 106°C, 2-mixing at 125°C,
3-mixing at 145°C.
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Fig.4 Rubber compounds stored at 42^0.
IB-soluble sulfur, mixing at 106?C,2B-Crystex, mixing at 106°C,
3B-Crystex, mixing at 158?C,4B-soluble sulfur, mixing at 158?C.



intensity [c/50s]
160

140

0 20 40 60 80 100120140160180200220 240 260280 300

storage time [h]

Fig.5 Rubber compounds stored at 60°C (soluble sulfur).
1-mixing at 106?C, 2-mixing at 125°C,
3-mixing at 145°C.
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Fig.6 Rubber compounds stored at 20°C.
1A-soluble sulfur,mixing at 108°C, 2A-Crystex,mixing at 106°C,
3A-Crystex,mixing at 158PC, 4A- soluble sulfur,mixing at 15£PC.


