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ABSTRACT

The analysis of polymeric composites can be quite challenging because the samples
are often of complex nature due to the presence of various groups of additives, com-
pounding ingredients, and fillers. In this contribution, changes of hardness of Polypro-
pylene (PP) composites during and after the exposure of materials to UV chamber and
low temperatures were investigated. The particulate fillers talc and chalk in weight
fraction from 10 to 50% and montmorillonite (MMT) in weight fraction 4% were
used as fillers in the polypropylene matrix. The composites were mixed in the extruder
while the length, diameter of screw, as well as the number of grooves in the feed zone
were changed. The influence of ageing — UV radiation and low temperature was ex-
amined by change of Shore hardness after 360h and 720h of exposure. According to
the performed tests we can conclude that the tested materials may be exposed to UV

radiation and low temperature of -20°C without significant changes of hardness.
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INTRODUCTION

Since years the structural polymer materials
have been regarded as an alternative material for
metals, particularly light alloys. They are often
modified by the introduction of fibrous fillers,
sheet as well as powder. As stated in [1, 8, 14],
the content of the filler in the polymer material
can lead to increased stiffness, hardness, creep re-
sistance, the ignition and combustion resistance,
tensile strength and flexural strength and increas-
ing resistance to the action of atmospheric factors.

Study performed by R. Zaboj and T. Jachowicz
et al. [4, 15] showed that in recent years, the life-
time of polymer materials and coatings has been
extended continuously in many cases. In turn, this
means that the times required for testing these
materials have also increased. However, such ex-
tended testing times are very often unacceptable
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for economic reasons. Therefore, it is an ongoing
demand for material testing technology to shorten
test times. One possible method of achieving this
is to employ significantly increased levels of ir-
radiance and temperature for testing under simu-
lated conditions in weathering instruments.
Authors Dobransky and Kmetty et al. [2, 7]
highlighted that polymer materials are perhaps
the most sensitive material to changes in their
chemical structure by influence of external con-
ditions, which are followed by the changes of
chemical, physical-mechanical properties. Deg-
radation processes are usually accelerated by
UV light, heat, the presence of oxygen, the pres-
ence of chemicals, as well as mechanical stress.
In terms of UV degradation, the polypropylene
can be attacked by ultraviolet radiation, where
tertiary carbon bonds in their chain structures are
the centres of attack. Ultraviolet rays interact with
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these bonds to form free radicals, which then re-
act further with oxygen in the atmosphere, pro-
ducing carbonyl groups in the main chain. The
exposed surfaces of products may then discolour
and crack, and in extreme cases, complete prod-
uct disintegration can occur.

Ageing tests of polymer material belong to
the most important tests for estimating the life-
time of the product. These ageing tests of poly-
mer material are made either in real conditions
of the material use or the used conditions may
simulate an artificial accelerated environment.
In order to test the sensitivity to the ageing of
polymer materials, it would be necessary to use
the test methods that reflect particular condi-
tions in which the finished products are used.
It is also necessary to take into account the sus-
ceptibility of different types of polymer materi-
als for various degradation mechanisms. There-
fore, the choice of a test method for the degra-
dation of the polymeric material has to consider
the characteristics of the polymer and the ap-
plication area of the finished product. Similar
approach can be found in research studies [3,
6, 9, 11], where authors pointed to the need for
testing the properties of polypropylene compos-
ites after the ageing and the effect of filler con-
tents and particle size. As the effect on tensile
strength was tested many times, we proposed
to look on the change of mechanical properties
from the view of Shore hardness.

Testing of the ageing effect on the proper-
ties of polymeric materials consists of comparing
changes in the properties of the tested samples
during the exposure period to the characteristics
of untreated samples. The aim of this studies was
to present the comparison of measurements of
Shore hardness of polymer composites with par-
ticulate fillers, during accelerated ageing in UV
chamber and a climatic chamber (after 360 hours
exposure and after 720 hours of exposure) on
various parameters of production of test samples.

MATERIAL AND METHODS

PP is one of the most important polyolefin’s
that have a wide range of applications. Accord-
ing to many studies like [12], there has been an
increase in the use of filled PP in automotive and
electrical engineering. This is mainly due to the
excellent stiffness property which PP exhibits and
which enables it to substitute conventional mate-
rials in demanding engineering applications.

Talc is a crystalline form of silica. It consists of
layer or sheet of brucite, sandwiched between two
sheets of silica. Pure talc is colourless or white,
but may have a glow grey, greens or yellows. Due
to the hydrophobic talc epitome easily dissolved
in the polymer, e.g. PP, PE. It is a very soft min-
eral, prone to splitting and it can withstand tem-
peratures up to 900°C, as listed in [5, 13].

Calcium Carbonate is one of the most widely
used fillers which may be used in the processing
of polymers. It is slightly soluble in water, readily
in acid with evolution of carbon dioxide, and it is
insoluble in alkali. Chalk dissociates calcium ox-
ide, called quicklime a temperature of 850 °C. It
is obtained by the dry process, wet or extracts as a
mineral, commonly known as chalk, which after
milling may also be used as a filler. Chalk, due to
the nature of the surface and a small enhancing
effect, is one of the so-called inactive fillers, as
stated in references [10, 13].

EXPERIMENTAL PROCEDURE

As an experimental material, PP J400 filled
with particulate fillers was tested. The following
fillers were used: talc manufactured by company
Bodo Moller Chemie, the particulate size was from
0.15 um to 0.40 um and chalk manufactured by
company Washington Penn Plastic, Co., particu-
late size was from 0.75 um to 1.25 pm. The weight
fraction of used fillers in PP for studies were: chalk
(K) from 10% to 50%, talc (T) from 10% to 40%
and montmorillonite (MMT) was 4 wt. %.

Plasticization of PP composites were made
in a plasticizing system of laboratory extruder.
The composites were prepared using the vari-
able length L of the extrusion process, at a con-
stant an external diameter D of the screw (D =
25 mm). The quotient of L/ D of screw were 20,
25 and 30. For experiments were used a variable
number of grooves from 0 to 4 in the feed zone
of plasticizing system.

The experimental samples — rectangle cross
section 20x2 mm with length of 100mm were
made by extrusion process and they were exposed
to different climatic conditions. A half of samples
were exposed to the effects of ultraviolet radiation
by intensity 4x18 W into UV chamber. The sam-
ples were irradiated continuously for 12 hours, fol-
lowed by a 12 hour interval for a period 720 hours.
The second part of the samples were placed in an
environmental chamber Thermotron SM-1.2-3200
at -20°C £ 3°C for a period of 720 hours.
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Fig. 1. Shore Hardness of composite PP/chalk (UV
chamber): a) L/D of screw, b) wt. % filler, ¢) number
of grooves

Hardness of samples was measured according
to STN EN ISO 868. Hardness measurement was
performed before the period of exposure to the
climatic conditions as well as after 360 hours and
720 hours on all samples. Five samples were pro-
duced for every type of material and on the each
sample, five measurements were performed. For
hardness measurements portable hardness tester
Mitutoyo HardmaticHH-300 was used and test-
ing was performed according to ISO 868, method
Shore type D (needle pin steel rod).

ACHIEVED RESULTS

The average hardness values from 20 measure-
ments on 5 samples from each material after extru-
sion and after ageing in UV chamber depending on
the concentration of fillers, number of grooves and
the ratio L/D of screw are shown on Fig. 1 and Fig. 2.

In Figures 1 and 2 we can see that 720 hours
of ageing by UV radiation had no significant ef-
fect on hardness for each type of sample (samples
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Fig. 2. Shore Hardness of composite PP/talc (UV
chamber): a) L/D of screw, b) wt. % filler, ¢) number
of grooves

with different concentration of fillers, number of
grooves and the L/D ratio of screw). Lightly in-
creased values of hardness (1 to 2 °Sh) were meas-
ured at PP/chalk after 360 hours of ageing. On
the other side, slightly decreased hardness (1 °Sh)
was observed at PP/talc composite after same 360
hours of ageing. From Figure 1 we can conclude
that the average value of the hardness at PP/chalk
composite produces with different screws (dif-
ferent number of grooves in the feed zone of the
extruder) has the highest variance after 360 hours
ageing with slightly decreased hardness (1-2 °Sh).
Hardness of PP/talc composites with different ex-
trusion setup and amount of the filler has changed
minimum after the ageing (less than 1°Sh).

Average hardness values of PP composites after
the production and after the ageing at low tempera-
ture (-20 °C) in dependence to the number of grooves
of the screw, concentration of the filler and L/D ra-
tion are shown in Figure 3 and Figure 4.

In Figure 3 and Figure 4 we can see a slight de-
crease of hardness after low temperature ageing af-
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Fig. 3. Shore Hardness of composite PP/chalk (- 20 Fig. 4. Shore Hardness of composite PP/ talc (- 20

°C): a) L/D ratio of screw, b) wt. % filler, ¢) number
of grooves

ter 360 and 720 hours. The decrease of the hardness
is in the range 1-2 °Sh, what is a negligible amount.
At PP/chalk composite at produced with L/D ratio
of 30, minor increase of hardness (2 °Sh) after 720
hours of ageing in low temperature was observed.
Measured hardness Shore D at PP/talk composite
after ageing was lower in comparison to original
value for every different number of grooves setup,
maximum difference at 4 grooves screw (2,7°Sh)
and least for two grooves setup (0,7 °Sh).

°C): a) L/D of screw, b) wt. % filler, ¢) number of
grooves

Montmorillonite composites showed a de-
crease of Shore D hardness after ageing in UV
chamber and at -20 °C (Table 1 and Table 2). With
the number of grooves increases also the hardness
of the composite (average increase 1-2 °ShD).

Structure of tested composites was observed
on microscope FEI Phenom G2 Pro. Structure
of PP/ talc composite with 40 wt. % of filler is
shown on Figure 5. The more uniform dispersion
of the filler in the composite was noted at the ex-

Table 1. Shore D hardness of composite PP /4% MMT (UV chamber)

Origin composite UV chamber
Grooves
Before Ageing 360 hours 720 hours
L/D 20 L/D 30 L/D 20 L/D 30 L/D 20 L/D 30
0 75.3 74.2 74.7 76.8 72.8 73.5
1 75.1 75.1 75.2 73.8 74.8 76.2
2 74.3 76.1 72.7 734 75.3 73.9
3 76.0 75.3 75.2 74.6 74.5 76.6
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Table 2. Shore D hardness of composites PP/ 4 % MMT (-20 °C)

Origin  composite 20°C
Grooves Before Ageing 360 hours 720 hours
L/D 20 L/D 30 L/D 20 L/D 30 L/D 20 L/D 30
0 75.3 74.2 74.8 76.8 74.3 77.0
1 75.1 75.1 73.7 76.1 714 76.2
2 74.3 76.1 73.6 75.7 71.0 75.8
3 76.0 75.3 73.6 73.6 72.6 74.2

Fig. 5. Structure PP/ 40 wt.% talc extrused by
grooves number 1 a) L/D20 and b) L/D30
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tended flow path of the material in the screw plas-
ticizing system, resulting in better mixing of the
components in the composite structure.

Changes in the Raman’s spectras were stud-
ied before and after the ageing by Raman spec-
troscope ReporterTM DeltaNu. Ageing process
had only a small influence on the spectras, what
we can also see at characteristic absorption peaks.
At a higher L/D ratio composites showed a slightly
increase of peaks regardless the production and
ageing conditions (UV radiation, low temperature
-20°C). These changes for PP/talk composite are
shown on Fig. 6. Change of the number of screws
grooves and path legth of screw does not impact on
Raman spectra peaks, greater impact was reflected
with the increasing ammount of filler in the matrix.

CONCLUSIONS

The aim of this paper was to investigate the
effects of changing a certain amount of particu-
late filler (chalk, talk, MMT) on the hardness of
the composite with PP matrix. The hardness of
particulate filled PP increased with increasing
amount of filler content, L/D ratio of screw and
number of grooves. In addition to this base mea-
surements, impact of ageing (UV radiation and
low temperature - 20°C) for 360 and 720 hours
was investigated. Examination of structure con-

L/D 25

L/D 25
(-20°C)

B M0 % W0 A W W0 W LN L L0 e 1N M % LR W XW

Fig. 6. Raman spectroscopy of composite PP/talc 20 wt. %, grooves number 1
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firmed that the change of screw length positively
influence on the distribution of the filler. The path
length had no significant effect on the hardness of
the tested composites.

Changes of hardness were observed at PP/
chalk composites with changing L/D ratio of
screw before the ageing. Decrease of hardness
of PP/talk composites was observed after 360
hours of ageing in UV chamber. The difference
of the measured values was minimal (1-3 °Sh).
Montmorillonite composites showed a minimal
decrease of hardness after ageing. Also changes
of the number of grooves and L/D ratio had mini-
mal effect on the final value of hardness. Correla-
tion has not been found between the hardness of
composites with MMT and extrusion parameters.
Influence of the UV and low temperature ageing
was minimal for composites with PP matrix and
talk, chalk and MMT fillers.

According to the tests carried out we can
conclude that products made from the tested ma-
terial may be exposed to UV radiation and low
temperature of -20°C without significant changes
of hardness and may be therefore exposed to the
external environment.
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