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ABSTRACT

As a part of a more comprehensive research project, the present study was undertaken
to investigate the effect of the type and content of blowing agents in the polymeric
materials being processed on the structure and selected physical and mechanical prop-
erties of the obtained extrusion parts. In the experiment, the content of the blowing
agent (0-2.0% by mass), fed into the processed polymer were adopted as a variable
factor. In the studies presented in the article, the blowing agents of endothermic de-
composition characteristics (Hydrocerol BIH 70, Hydrocerol BM 70) and the exother-
mic decomposition characteristics (PLC 751) occurring in the granulated form with a
diameter of 1.2 to 1.8 mm were used. Based on the results of investigating porosity,
porous structure image analysis as well as microscopic examination of the structure, it
has been found that the favorable content of the blowing agent in the polymeric mate-
rial should be of up to 0.8% by mass. With such a content of the blowing agent in the
polymeric material, favorable strength properties are retained in porous parts, the pore
distribution is uniform and the pores have similar sizes.

Keywords: thermoplastics polymers, cellular extrusion, blowing agents, mechanical
properties.

INTRODUCTION

In recent years, cellular extrusion of polymers
has been one of the fastest growing processing
methods. It is used especially to obtain sections,
bars, pipes and cellular coatings free from strains
on the product surface, displaying reduced den-
sity and minimum shrinkage, at the same time,
maintaining similar properties of products ex-
truded in a conventional way. In the cellular ex-
trusion process, porous structure is formed by
mixing thermal decomposition products, chemi-
cal blowing agent with the material or inert gas
brought to the plastic extrusion plasticizing in
the system or directly into the formation [1, 2, 3].
Blowing agents (porophors) are a source of gas

which diffuses into the polymer generates the
pores. However, this does not mean that these
additives must be in a form of gases — such as
chemical blowing agents are often porous solids
or liquids, which release gaseous substances only
in a chemical reaction. For a porous material of
appropriate structure and quality, the blowing
agent has to be carefully selected, depending on
processing conditions, type of polymer, and the
assumed parameters of the final product [2, 4, 5].
The type and amount of added blowing agents
have an effect on the final density of the porous
material and to determine the choice of method of
porous. In order to achieve a high degree of the
so-called physical blowing agents (gases, volatile
liquids) are used. Chemical blowing agents are
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applied where it is necessary to maintain low lev-
els of capital expenditures on equipment and ma-
chinery [3, 6, 7]. The essence of this process is the
introduction of the plastic material (support), the
most are concentrated (5-70% concentration) or
powders. The difference between the process of
physical and chemical materials blowing agents
is less associated with the course of the process,
while more important is the dosing of blowing
agents to polymers [4, 8, 9].

Properly selected processing conditions make
it possible to manufacture products with new,
modified physical and technological properties.
The new products are characterized, among oth-
ers, by reduced weight, improved damping and
insulation properties and the possibility of utiliza-
tion after use, retaining at the same time physical
and technological properties similar or identical
to those of cellular products (Fig. 1). To obtain
cellular structure, the properties of an products are
modified by using an appropriate type of polymer
or by incorporating blowing agents (porophors)
into the polymer.

Modification of cable coatings and research
on the extrusion process conducted in the Depart-
ment of Polymer Processing at Lublin University
of Technology [3—11] are focused especially on

manufacturing coatings from cellular plastics,
what results in the reduction of plastic purchase
costs, energy costs of the process and transpor-
tation costs. At the same time, this results in the
replacement of conventional extrusion coating by
the cellular extrusion process [11-14]. The ob-
tained extruder product may have a fully solid or
cellular structure, it may be cellular in its entirety,
or have a cellular core and a solid topcoat (Fig. 2).

Blowing agents used in cellular extrusion of
plastics may show exothermic or endothermic
decomposition characteristics. Porophors used to
date usually present exothermic decomposition
characteristics. This may be the cause of local
overheating and generation of irregular cellular
structure of the product [8, 9, 15]. The initiated
porophor decomposition process progresses au-
tomatically even after energy cut-off. Therefore,
products extruded with the use of such agents
must be intensely cooled for a long time, in or-
der to prevent strains and keep proper cellular
structure. The main representatives of this group
include hydrazides, e.g. sulfohydrazide and azo
compounds, for instance azodicarbamide. This
compound is widely used in microcellular extru-
sion of polyethylene, polyvinyl chlorine, polysty-
rene and polyamide [3, 5, 7, 12, 13, 17].

Fig. 1. Example of cellular products made in extrusion process [20]

Fig. 2. View of the porous structure of cellular coating obtained in the extrusion process using chemical blowing agents
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In the case of blowing agents with endother-
mic decomposition characteristics, generation of
gas during processing is rapidly stopped when the
energy flow is cut off. Application of such blow-
ing agents considerably shortens cooling time.
The aim of the conducted research was to dis-
cover the influence of modifying thermoplastic
polymers (PE, PP and PVC) with selected agents,
that is a blowing agent, in the course of the extru-
sion process, inclusive of determination how the
modification affects selected physical properties
and the structure of extrusion product.

EXPERIMENTAL PROCEDURE

Three thermoplastics were used in the experi-
ments. The first one was polypropylene PP, mar-
keted under the trade name Malen P-S901. Ac-
cording to the data provided by the manufacturer,
the thermoplastic has a density of 900 kg/m?, melt
flow rate (MFR) of 2.5-3.5 g/10 min (230 °C;
2.16 kg), and tensile stress at yield of 25 MPa.
Another polymeric material used in the experi-
ments was polyethylene LDPE, marketed under
the trade name Malen E, FABS 23-D0O22, with
a density of 925 kg/m*, MFR range 1.6-2.5 g/10
min (190 °C; 2.16 kg), tensile stress at yield of 12
MPa. The third polymer used in the experiments
was poly(vinyl) chloride PVC, marketed under
the trade name Alfavinyl — GFM/4-31-TR, with
a density of 1230 kg/m? and tensile stress at yield
of 21 MPa, according to the data provided by the
manufacturer.

The abovementioned plastic was modified
with a physical blowing agent with endothermic
decomposition characteristics, taking a form of
a blowing system. This agent was delivered as
0%; 0.4%; 0.8% and 2.0% of the mass. In the
experiments, three types of chemical blowing
agents were used: Hydrocerol BIH 70, Hydroc-

Fig. 3. View of the technological line section for extrusion process and extruded product

erol BM70 and Hydrocerol PLC 751, both manu-
factured by Clariant Masterbatches GmbH. The
blowing agents, with their trade names BIH 70
and BM 70, have the characteristics of endother-
mic decomposition. Hydrocerol PLC 751 is a
blowing system with exothermic decomposition
characteristics, taking a form of granules rang-
ing from 1.5 to 1.6 mm in diameter. Hydrocerol
PLC 751 contains 50% of the mass of the blowing
agent with initial decomposition temperature of
170 °C. Hydrocerol BIH 70 is a blowing system
with endothermic decomposition characteristics,
taking a form of granules ranging from 1.2 to 1.8
mm in diameter. Hydrocerol BIH 70 contains
70% of the mass of the blowing agent with ini-
tial decomposition temperature of 140 °C. In the
presented research, Hydrocerol PLC 751 and Hy-
drocerol BIH 70 were dispensed as 0.2% to 0.8%
of the mass.

The extruding process was carried out with
the use of a single-screw extruder, type W-25 with
the screw diameter of D = 25 mm. The plasticiz-
ing unit was equipped with four heating zones.
The process line was composed of the extrusion
coating head, vacuum calibrator, the cooling bath
and the remaining process line components. The
plasticizing unit was equipped with four heating
zones. The process line was composed of the ex-
trusion head, the cooling bath and the remaining
process line components. Extrusion was carried
out under the following parameters: temperature
of the heating zones 150, 160, 160 and 165 °C re-
spectively; extruder head temperature within two
heating zones 155 °C.

As a result of the carried out process of ex-
truding PE, PP and PVC modified with blowing
agents, the extruder product was obtained in a
form of a pipe of 10.00 + 0.01 mm in diameter.
Extrusion and cooling conditions were properly
selected, which allowed to obtain a product hav-
ing a solid topcoat and a cellular core (Fig. 4).
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Fig. 4. View of the porous structure obtained in the cellular extrusion process of pipe

In order to determine selected mechanical
properties of the extrusion parts, both hardness
tests using Shore’s method and tests for tensile
strength, yield point and elongation at break were
conducted, in accordance with the relevant norms
(PN-EN ISO 868 (2003) and PN-EN ISO 527-1
(2010) [18, 19]. The applied shape and dimen-
sions of the specimens complied with the relevant
norm. The specimen thickness corresponded to
the extrusion part thickness and it was measured
and registered each time together with the width
of the measuring length, right before the tests.

Strength properties of the extrusion parts un-
der static tension were determined using a test-
ing machine manufactured by Zwick Z010. The
machine was equipped with 10 kN screw wedge
chucks together with the accessories. The mea-
surements were done at a tensile speed of 10 mm/
min and under the measuring load range 0—500 N.
The hardness tests by Shore’s method were con-
ducted using an Affri-manufactured hardness tes-
ter, type ART13 — Shore’s method D. Such choice
was due to the employed method for determining
the hardness of solid polymers.

The investigation and analysis of the porous
structure of the produced extrusion parts were
conducted using an confocal microscope, type
Olympus FluoView FV1000 and copyright posi-

A
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Fig. 5. Author’s stand for porous structure image analysis and Olympus FluoView FV1000 stand

tion of image analysis of porous structure and the
author’s stand for porous structure image analy-
sis. Microscope FV1000 equipped with 1.3 MPix
camera, enabling direct viewing of microscan-
ing image in a computer screen. Observations of
specimens structure and its recording were made
in reflected light with suitable magnification.

The porous structure image analysis is used
to determine geometric characteristics of pores
based on the images of porous structure taken.
The images are taken using an optical camera
with an electronic amplifying system and then an-
alyzed in a computer stand equipped with special
graphics software. The stand for porous structure
image analysis is shown in Figure 5.

RESULTS AND DISCUSSION

The results of determining selected strength
properties of the extrusion parts, obtained at dif-
ferent contents of the blowing agent in the poly-
mers being processed, are shown at Figures 6-10.
The results of hardness of the extrusion parts are
graphically represented at Figures 6—7. The type
of a blowing agent used, be it with the endother-
mic or exothermic decomposition characteristics,
has no effect on the surface hardness of the extru-
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Fig. 6. Dependence of Shore D hardness of extruded parts on the content of blowing agent Hydrocerol BM 70
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Fig. 7. Dependence of Shore D hardness of extruded parts on the content of blowing agent Hydrocerol PLC 751

sion parts. The changes in hardness illustrated in
the figures predominantly depend on the type and
properties of the polymeric materials used in the
cellular extrusion process.

The results of the tensile strength tests of the
specimens made from the polymers modified by
the blowing agents correspond to the results of
the conducted hardness tests. The extrusion parts
made from porous polymers have decreased me-
chanical properties, strength properties included
(Fig. 8-10). It has been observed that increas-
ing the blowing agent content in the product
decreases the value of tensile strength in a non-
linear manner in the whole content range of the
blowing agent in the polymer. The distribution
of the curves demonstrates that at high content
of the blowing agent (over 0.8%) in the polymer,
the intensity of the decrease in tensile strength is
lower, irrespective of the type of the polymer be-
ing processed and the type of the blowing agent
used. The intensity of stress reduction is higher
when the blowing agent content ranges from 0.8

to 2.0% of the mass in relation to the mass of the
plastic. The ultimate elongation is reduced more
intensely with lower blowing agent content rang-
ing from 0 to 0,4% of the mass.

Significant differences in mechanical strength
of the cellular extrusion parts can be observed.
For example, the blowing agent Hydrocerol BIH
70, with the endothermic decomposition char-
acteristics, dosed in the range from 0 to 2.0%
causes a decrease in tensile strength by 24% on
average in the case of polypropylene (Fig. 8), by
21% when fed into PE, and by 35% in the case of
PVC (Fig. 9-10). When the blowing agent with
the exothermic decomposition characteristics is
used (Hydrocerol PLC 751), the change in tensile
strength is more considerable and it has the fol-
lowing values: PP — 25%, PE — 27%, and in the
case of PVC — 30%, as illustrated in figures 8—10.

The change in tensile strength for the polypro-
pylene molded parts, graphically represented in
figure 8, differs from the distributions for polyeth-
ylene and poly(vinyl) chloride. Significant differ-
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Fig. 8. Dependence of tensile strength of PP extrusion parts on the content of Hydrocerol BIH 70,
Hydrocerol BM 70 and PLC 751

©r, MPa
3.00

6.50 < —e iz
6.00 <s553
—e—BIH 70
550 1| —~=-BM70
——PLC 751
5.00 : .
0 0.4 0.8 2

Content of blowing agents, %

Fig. 9. Dependence of tensile strength of PE extrusion parts on the content of Hydrocerol BIH 70,
Hydrocerol BM 70 and PLC 751
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Fig. 10. Dependence of tensile strength of PVC extrusion parts on the content of Hydrocerol BIH 70,
Hydrocerol BM 70 and PLC 751

ences in the value of change in mechanical strength
of the extrusion parts can be observed. The blow-
ing agent, dosed in the amount of 2%, irrespective
of the characteristics of its effect, causes a substan-
tial worsening of strength properties.
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The macroscopic structure of the produced
cellular products was examined at the stand for
polymer cellular structure image analysis. The
examples of the cellular structure of coatings pro-
duced are shown in figures 11, 12 and 13.
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Fig. 11. Cross section of a cellular PE product with 0.4% and 2.0% mass. content of the blowing agent

-
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Fig. 12. Microscopic image of the cross section of a cellular PVC product with 0.4% content of the blowing
agent Hydrocerol BM 70 and with 2.0% content of the PLC 751, magnify 50%

.

Extrusion products made of PE with 0.4-0.8%
blowing agent content do not have sufficiently
cellular structure (Fig. 11). The cell dispersion
patterns in the structure could be attributed to the
non-uniform dosing of a very small blowing agent
amount into the polymer and the characteristics of
the applied blowing agent with the endothermic
decomposition behavior. Based on the analysis of
the photographs taken, it can be seen that the pipe
with the 0,8 and 2,0% blowing agent contents has
a visible solid surface and most uniform distri-

Fig. 13. Microscopic image of the cross section of a cellular PP product with 0.4% content of the blowing agent
Hydrocerol BIH 70 and with 0.8% content of the PLC 751, magnify 50%

bution of similarly sized pores. The numbers of
pores increases proportionately to the increase in
the blowing agent content in the extruded poly-
mer. The number of pores also depends on their
position and distance from the surface.

CONCLUSIONS

Blowing agents used in the cellular extrusion
process give a possibility of creating products
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with new, modified properties, without causing
important changes. Changes in these proper-
ties offer new possibilities of applying this kind
of products with simultaneous reduction in their
production costs. The use of a blowing agent with
endothermic decomposition characteristic dis-
pensed from 0,4 to 2,0% of the mass, allows to
obtain a product that meets the expectations and
objectives of the conducted research.

Strength properties, hardness and tensile
strength discussed in the paper depend, to a great
extent, also on the characteristics of the blowing
agent used. This is largely due to thermal proper-
ties of the polymeric materials used and the effect
of the blowing agents on the polymeric materials
used in the process. However, such dependence
has not been thoroughly investigated yet and will
therefore be a subject of further studies.

Owing to the application of the blowing agent
with the exothermic decomposition characteris-
tics (Hydrocerol PLC 751 system), a more cel-
lular part, with a higher number of pores is pro-
duced. The initiated decomposition of the exo-
thermic agent happens in an uncontrolled manner,
even after the power supply is shut off. For this
reason, parts produced with such blowing agents
often have a non-uniform porous structure. In the
case of porous parts produced using the blowing
agents with the endothermic decomposition char-
acteristics, the gas release in the course of pro-
cessing ends once the energy supply is over (BIH
70, BM 70). The obtained porous structure is uni-
form, the pores have a spherical or quasi spherical
shape. The pores are of similar sizes, irrespective
of their location in the product.
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