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Abstract

In the following essay the results of the research on nucleation of polypropylene obtained in
PKN Orlen SA were presented. Both, organic (Millad 3988, ADK NA21) and non-organic (talc) me-
diums were used in the process. The main aim of the examination was to measure the influence of
the above-mentioned mediums on the structure and physicochemical features of polypropylene. It
has been proved that the organic nucleation mediums are more efficient as not only did polypropy-
lene become more transparent, its structure more homogenous but his melting temperature increased
as well. All those changes demonstrate that the nucleation process has taken place. The favourable
changes in the polymer macrostructure were enabled by the process of nucleate molecules in the pro-
cess heteronucleation.
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Introduction

Polypropylene in one of the plastics used for modifications with nucleating mediumes,
mostly obtain suitable optical properties with keeping or improvement the resistance
parameters. Low transparency that is appreciable opacity of the plastic are the effect
of the presence of large-size crystalline areas in the polypropylene structure. As a re-
sult of modification by nucleation, which changes the method of polypropylene crys-
tallization, is possible to obtain fine-crystalline structure with high homogeneity. It
ensures the high transparency and resistance of polypropylene. The effect of the het-
erogeneous nucleation is the increase of the crystallization temperature and the in-
crease of the fusion temperature of formed crystalline structures with more perfect or-
dered state. It is also favourable for decreasing of the fusion temperature. That is why
the important is to determine the fusion temperature and stages of thermal decompo-
sition of nucleated polypropylene, which can be one of the criterion of the nucleation
effects estimation [1-7].
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The aim of the research was to measure the impact of nucleating mediums on
both the structure and physicochemical features of polypropylene.

Experimental

In the study, polypropylene nucleated by nucleating mediums with different properties
was used. Polypropylene used in the investigations was modified by following additions:

— organic derivative of phosphate salt ADK NA-21 from ‘Asahi Denka
Kogyo K.K.” (Japan), which is recognized as the most effective nucleating medium
for polypropylene,

— derivate of sorbite Millad 3988 from ‘Milliken Chemicals Co.” (USA),

—talc AS and A30 from ‘Luzenac Naintsch Mineralwerke GmbH’ (Austria).

The amount of the organic nucleating mediums was 0.1, 0.2, 0.3% by mass.

Nucleated polypropylene was produced in PKN ORLEN S.A. from stabilized
polypropylene powder by mixing with nucleating mediums and then extrusion mould-
ing on screw extruder under the temperature of 200-220°C, what is shown in Fig. 1.
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Fig. 1 Scheme of producing the nucleated polypropylene

The following resistance properties was measured: yield point, breaking stress,
elongation at rupture, breaking modulus of elasticity, bending modulus of elasticity,
mass melt flow index.

The research on the structure of the polypropylene has been conducted with the
use of the optical microscope Alphaphot 2. As far as the examined sample is con-
cerned (app. 0.1 cm thick foil), it has been obtained as a result of crystallization of a
melted polymer. The structure and the degree of homogeneity has been observed in a
polarized light.

Thermal transformations of nucleated polypropylene were also investigated
with using thermobalance SDT 2960TA Instruments. The temperature of samples
with mass of 20-25 mg were registrated, with heatup rate of 10°C min' under the
temperature of 20-500°C and under the atmospheric pressure.
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Results and discussion

The results of the studies showed that the addition of the nucleating mediums influ-
ences had an influence on properties changes and opacity degree of nucleated poly-
propylene. These changes were depended on kind and amount of the nucleating me-
dium. It was found that the nucleating mediums Millad 3988 and NA21 had the
advantageous influence on PP properties. The maximum effect of the polypropylene
transparency improvement, of about 64%, was obtained with the amount of 0.2% by
mass of Millad 3988 and 0.1% by mass of NA21. Resistance properties of nucleated
polypropylene improved with using all the nucleating mediums (Table 1).

Besides the properties change and opacity of polypropylene, the effect of the nu-
cleation was the increase of crystalline structure homogeneity of nucleated poly-
propylene. It was confirmed by microscopic investigations (Fig. 2).

Fig. 2 Structure of polypropylene (300%): a — non-nucleated, b — nucleated by 0.1% by
mass of ADK NA21, ¢ —nucleated by 0.1% by mass of Millad 3988

The melting point, as an endothermic peak on DTA curve, and the thermal decom-
position, as an exothermic peak on DTA curve (the temperature of the beginning and the
end of sample decomposition), were determined by different ways from thermal curve of
initial and nucleated polypropylene. Examples of thermal curves are shown in Fig. 3.

The analysis of non-nucleated polypropylene and polypropylene nucleated by
nucleating mediums with diversified chemical specification showed, that the curves
runs were closed and determined melting points were insignificantly diversified. The
increase of nucleation on the polypropylene melting point was found, in comparison
to non-modified polymer. The addition of the nucleating medium raises the poly-
propylene melting point of about 5°C with dependence on kind and amount of the nu-
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Fig. 3 Examples of thermal curves of a — non-nucleated polypropylene, b — polypropy-
lene nucleated by 0.3% by mass ADK NA21

cleating medium. The highest increase of the melting point was found for polypropy-
lene nucleated by organic nucleating mediums ADK NA21 and Millad 3988 in
amount of 0.3% by mass. The decomposition temperatures of most of the samples
were between 236—420°C. The highest temperatures of the decomposition beginning
were found for polypropylene nucleated by ADK NA21.

The increase of the melting point of the nucleated polypropylene in relation to non-
nucleated polypropylene confirmed that the course of the nucleation process (observed
increase of the polymer crystallization temperature). It could be accepted that the advan-
tageous changes in polymer macrostructure were proceeded, which were possible by het-
ero-nucleation carried out with the portion of nucleation medium molecules.

Conclusions

* The results of the research prove the organic mediums as Millad 3988 and
ADK NAZ21 used to polypropylene nucleation to be much better nucleates than the
non-organic ones like talc.
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 The results of the polypropylene is increase in melting point, considerable decrease
in opacity degree and improvement of the crystal structure homogeneity.

+ Owing to the process of nucleation of polypropylene, it is possible to obtain a prod-
uct with specific optical features as well as favourably increased temperature of
crystallization, hence the processing time can be limited.
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