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Abstract: The microcellular extrusion process takes place with the use of conventional
technological line for extruding shapes and coatings under the changed processing
conditions, such as temperature for particular zones of the plasticizing system and extruder
head zones. The process differs from the conventional method with regard to the method
of shaping the extruder product. In the conventional extrusion process, the plastic has a
homogenous structure across the whole section, whereas during microcellular extrusion
process the plastic, containing the input plastic and a special blowing agent, obtains a two-
phase structure changing its structure into microcellular. One phase is solid and the other is
microcellular. Microcellular phase is obtained by inserting the blowing agent into the input
plastic during its manufacture. It takes place in the penultimate zone of the plasticizing system
of the extruder under suitable process conditions which enable expansion of the blowing
agent. Currently applied blowing agents have the form of gases and liquids (then they are
inserted into the plasticizing system of the extruder by means of a special installation) but
also powders and granulates inserted into the plasticizing system of the extruder together
with the input plastic after previously mixing thereof. The article presents characteristics of
the microcellular extrusion process and it describes selected research results of the process
and microcellular extruder product properties.
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1. Introduction

Cellular extrusion of plastics is used in the manufacture of cable and wire coatings
as well as different types of shapes, such as bars or tubes. In the process, special
auxiliary agents are used which bring about changes in the structure of products.
These agents, generally referred to as blowing agents, take different forms such
as gas, liquid, powder or microspheres, and they display different, endothermic
or exothermic, decomposition characteristics. Expansion of the blowing agent in
the plastic occurs under proper processing conditions. Most important of them is
temperature of both individual sections of the plasticizing unit and of the extruder
head. It must high enough to cause decomposition of a selected blowing agent. In
addition, decomposition must occur in a relevant section of the plasticizing unit of
the extruder.

The microcellular extrusion process consists in adding the blowing agent, also
referred to as the porophor, into the moulding compound, which under proper
conditions of the extrusion process decomposes, at the same time emitting gas.
The microcellular structure is obtained in the final section of the plasticizing unit
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of the extruder. The agent may be added to the
plastic in the process of its manufacture or it may
be delivered directly into the plasticizing unit of
the extruder in the form of gas, powder, granules
or microspheres. As a result of this processing
procedure, the obtained product is given a diphase
structure, turning from solid into cellular. New
structure of the plastic may be microcellular along
the entire cross-section or have a solid topcoat and
a cellular core [1, 21.

Change in the structure of the plastic occurs
also by proper selection of cellular extrusion
conditions, i.e. temperature in individual sections
of the plasticizing unit and the extruder head,
as well as owing to design features of machines
and tools used in this process. Properly selected
moulding compound, microcellular  blowing
agent, conditions of the extrusion process and tool
design enable manufacture of products displaying
new, modified properties.

In  microcellular extrusion of plastics with
application of blowing agents, the extrusion
product is obtained with new, modified physical
and technological properties i.e. reduced mass
of the product and reduced wear, improved
dampening properties (heat, noise) and reduced
processing contraction. As far as blowing agents
are concerned, the type and quantity of inserted
porophors play significant role, inasmuch as they
exertinfluence onthe final density of cellular plastic
and determine the choice of cellular method.

Significant part in the process of cellular
extrusion is played by temperature of individual
sections of the plasticizing unit and the extruder
head. It should be close to the decomposition
temperature of the blowing agent, however its
value must be adjusted in the manner ensuring
that the porophor does not decompose too early
or too late. In this process, it is important to ensure
that the temperature of the extruder head is lower
than the temperature of the final section of the
plasticizing unit of the extruder. This results in the
increased viscosity of the processed plastic, which
prevents expansion of the gas in the plastic flowing
in the extruder head [3, 4].

In the extrusion of shapes and coatings, the
shape and dimensions of the extrudate’s cross-
section is initially determined by the extruder
head, in consideration of the Barus effect and the
phenomenon of shrinkage. However, in order to
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obtain a cellular extrudate with a homogeneously
smooth topcoat, it is necessary to fix its shape and
dimensions by calibration. The task of calibrating
machines used in the process is to cool the
extrudant to such temperature which will ensure
stability of its shape and dimensions. Selection of
the calibrating machine determines the calibration
method, proper design and microcellular extrusion
method. While using the inside cellular method,
external dimensions of the extrudant between
the outlet of the extruder die and inlet to the
calibrating machine are identical. In this case,
intensity of cooling determines the thickness of
the solid extrudant topcoat, as during this process
no microcells are created on its surface. Whereas
in case of the free extrusion method, the time of
microcell growth is extended owing to a larger
distance between the extruder head and the
calibrating machine [5].

2. Microcellular Blowing Agents

Microcellular  blowing agent (porophor) is
selected depending on the type of plastic, in
the manner ensuring that its decomposition
temperature is higher than the plastic melting
point, but lower than the plastic extrusion
temperature. Cellular plastic in liquid form is not
yet a stable system because as a result of interfacial
tension at the plastic — gas contact point, and as a
result of diffusion, the number of cells in the plastic
is reduced, whereas their dimensions enlarge,
which is an undesirable effect. The obtained
microcells continue to enlarge until gas pressure
and interfacial tension are balanced. Favourable
structure of a small-cell plastic can be maintained
in the product by its immediate cooling and
solidification [6, 7].

Microcellular blowing agents used in the
extrusion process can be divided into physical and
chemical, however this classification is traditional
and not exactly accurate.

Physical blowing agents (physical porophors)
cover substances which do not change their
chemical structure during the extrusion process;
they only change their state of aggregation.
Therefore they include liquids or gases dissolved
in plastic materials under pressure, which after
the increase in temperature and decrease in
pressure evaporate or are educed in the form of
micro-bubbles. This group of porophors includes



easily volatile, low boiling point organic liquids:
aliphatic hydrocarbons and their chloro and fluoro
derivatives. Important feature of porophors is their
relatively low vapour pressure in room temperature
and high evaporation rate in the processing
temperature.

Chemical blowing agents (chemical porophors)
act similarly as physical porophors, yet gaseous
productsobtainedasaresultof theirdecomposition
and causing the microcellular extrusion effect,
remain inside the plastic material. Chemical
blowing agents can be divided into organic and
inorganic. Inorganic porophors especially include
some carbonates and bicarbonates, for instance
sodium bicarbonate [8].

Blowing agents wused during microcellular
extrusion of plastics may display 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.
The initiated porophor decomposition process
progresses automatically even after energy cut-
off. Therefore, products extruded with the use of
such agents must be intensely cooled for a long
time, in order 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
extrusion of polyethylene, polyvinyl chlorine,
polystyrene and polyamide.

In the case of blowing agents with endothermic
decomposition characteristics, generation of gas
during processing is rapidly stopped when the
energy flow is cut off. Application of such blowing
agents considerably shortens the cooling time.
Examplesbelongingtothisgroupespeciallyinclude
bicarbonates e.g. sodium bicarbonate, ammonium
bicarbonate and 2-Hydroxypropanetricarboxylic
acid [9, 101.

3. Experimental Procedure
Modification of cable coatings and examination
of the extrusion process especially referred to the
manufacture of coatings made of microcellular
plastics, which resulted in reduced costs of
plastic acquisition, energy costs of the process
and transportation costs. Microcellular extrusion
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of thermoplastic materials conducted in the
Department of Technology and Polymer Processing
is a process in which modification of product
properties is done through the change in extrusion
conditions and design features of elements of the
plasticizing unit and the extruder head, as well as
by the use of auxiliary agents affecting the basic
compound. For properties of the extruder product
depend not only on the type of the plastic material,
type and contents of the porophor, the size, number
and geometric characteristics of cells generated
during the microcellular extrusion process, but also
on the conditions of the extrusion process.

The manufacturing process of cable coatings
obtained from the plastic containing blowing
agents was conducted with the use of microcellular
extrusion and microcellular coextrusion process
lines (Fig. 1.) used in the manufacture of topcoats for
electric cables.

i & & 4 2 1

Fig. 1: Fragment of microcellular co-extrusion line of PVC cable
layer.

During studies on microcellular extrusion and
co-extrusion processes, PVC PX0-84-147-9010
EKO polyvinyl chloride was used. This plastic has
density of 1480 kg/m3 and hardness of 84 Sh°
A (according to data provided by the producer).
The abovementioned plastic was modified with
a physical blowing agent with endothermic
decomposition characteristics, taking the form of
a blowing system. This agent was delivered as 0%,
0.3% and 0.4% of the mass during the microcellular
extrusion process and as 0%, 0.4% and 0.5% during
microcellular co-extrusion. This system takes the
form of granules with 1.2-1.8 mm in diameter and it
contains 50% of the blowing agent mass.

During the study, the conducted microcellular
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Tab. 1: Conditions of single-layer microcellular extrusion process and double-layer microcellular co-extrusion process of PVC cable.

Content Temperature in plasticizing system (°C) Temperature in extruder head (°C) Rotational speed of | Pressure
Machine
of porophor (%) | 1 M v v | Il n v v screw (r/m) (MPa)
03 30 | 150 | 160 | 190 | 190 | 180 | 175 | 165 | 160 | 165
Extruder 1 60 21.0
04 30 | 150 | 160 | 195 195 180 | 175 | 165 | 160 | 165

Extruder1 | 30 | 150 | 160 | 160 160 162 | 163 | 160 | 155 | 150 44 214
o4 Extruder2 | 30 | 170 | 190 | 190 185 175 | 165 | 160 | 155 | 150 44 255
Extruder1 | 30 | 150 | 160 | 160 160 162 | 163 | 160 | 155 | 150 44 214
00 Extruder2 | 30 | 170 | 190 | 190 185 175 1 165 | 160 | 155 | 150 43 260

Tab. 2: Research results of physical properties.

0 1459 0 22 142 695.50
Single-layer 0.3 1144 22 20 114 552.26
04 1103 25 16 1.3 488.29
0 1459 0 22 142 695.50
Double-layer 04 1050 28 1.9 11.9 636.88
0.5 928 36 14 11.8 569.96

extrusion and co-extrusion processes referred to
single- and double-layer coatings of power cables
(YDY) 2 x 1.5 with ohmic resistance. Conditions of
the conducted processes are shown in Table 1.

In all cases, the line speed of the manufactured
cable was 300 meters per minute. In both processes,
a special gravimetric feeder was used.

In the coextrusion process, a double-layer cable
coating was manufactured, of which the internal
one was microcellular, and the external was solid.
The plastic containing a blowing agent was
delivered from the plasticizing unit of extruder 1,
whereas the solid plastic - from the plasticizing unit
of extruder 2.

4, Results and Discussion

Cable coatings obtained as a result of conducted
processes (Fig. 2-4.) were examined in terms of
selected physical properties, i.e. density, degree
of porosity and tensile strength. The examinations
were conducted in accordance with international
standards [11, 12].

The method of determining apparent density
of plastic materials was applied during studies
on density of sample cellular extrudates. WS-11
laboratory scales was used to measure density of
the modified plastic. Refined particles of sample

extrudant, whose mass ranged from 1 to 5 g, were
the object of study.

The degree of porosity of the extrudant is
determined by its porosity, i.e. percentage of the
entire material covering cells. In order to determine
it, the results of density measurements of the
manufactured coatings were used.

Cable samples were examined in term of water
absorptivity in accordance with appropriate
conditions of the tests. Samples were put into
distilled water 168 h + 1 h and next were expose
to ageing researches in temperature of 50£2 °C in
2441 h. WA34 laboratory scales and KC-100/200
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Fig. 2: Structure view of PVC double-layer cable with 0,3% content
of porophors: 1 — inter layer, 2 — core, 3 — pores, 4 — outer layer.



Fig. 3: Structure view of PVC double-layer cable with 0,4% content
of porophor: 1 — inter layer, 2 - core, 3 — pores, 4 — outer layer.

Fig. 4: Structure view of PVC double-layer cable with 0,5% content
of porophor: 1 - inter layer, 2 - core, 3 — pores, 4 — outer layer.

thermal chamber were used to measure water
absorptivity of modified cable.

To specify the selected mechanical properties of
ducts, tensile strength and ultimate elongation were
tested. The tests were conducted in accordance
with relevant recommendations with the use of
Zwick Z 100 testing machine.

Excerpt from the test
mechanical properties
presented in Table 2.

results for selected
of cable topcoats s

5. Conclusions

Microcellular extrusion and coextrusion sub-
processes were conducted under the same
processing conditions, in order to obtain an electric
cable with a single- and double-layer microcellular
topcoat. Examination of selected physical properties
of the obtained coats has shown that adding a
blowing agent to the moulding compound affects
their values. However, noticeable reduction in
tensile strength falls within the range of values
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recommended by relevant standards of their use.
Density of the extrudant was reduced by 15% in
the case of a single layer, and by 36% in the case of
a double layer. This reduction results in decreased
consumption of the processed plastic and at the
same time, increased material saving. However,
measurements taken during extrusion failed to
show any change in puncture resistance of the
manufactured power cable coatings.
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