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Use of thermo vision research to analyze the thermal stability
of microcellular extrusion process of poly(vinyl chloride)
Wykorzystanie badań termowizyjnych do analizy stabilności
procesu wytłaczania mikroporującego poli(chlorku winylu)*
Essential role in polymer processing takes processing conditions i.e. temperature, pressure, screw rotational speed and time. During the polymer modification in cellular and microcellular extrusion process significant changes in the process ensue. Influence
of this two factors caused also another changes in properties and physical structure of obtained extruded products. Because of
that, proper selection of processing conditions, specially temperature, machines and equipment parameters is necessary. Is such
a case, process will be effective and stable.
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Znaczącą rolę w procesach przetwórstwa tworzyw odgrywają warunki procesu takie jak temperatura, ciśnienie, szybkość obrotowa ślimaka, czas. Podczas modyfikacji tworzywa polimerowego w procesie wytłaczania porującego oraz mikroporującego na
skutek działania podwyższonej temperatury oraz jednocześnie działania poroforu następują istotne zmiany w przebiegu procesu
wytłaczania. Kolejną zmianą, jaką niesie za sobą wpływ obu czynników jest zmiana właściwości oraz struktury fizycznej otrzymanych wytworów. Z tego względu konieczny staje się taki dobór poszczególnych warunków przetwórstwa, w tym szczególnie
temperatury oraz parametrów maszyn i urządzeń przetwórczych, aby proces mógł być prowadzony efektywnie i stabilnie.
Słowa kluczowe: Wytłaczanie mikroporujące, środek mikroporujący, mikrosfery, tworzywo polimerowe, termowizja.

1. Introduction
The course of each of the processes of polymer processing, both
thermoplastic and thermosets depends on several factors, including
selection of appropriate processing methods. Each method is characterized by significant conditions that must be satisfied that the process
could not only exist, but above all to be effective, stable and efficient
[6, 7, 13, 15]. Among the popular methods of processing such as injection molding, conventional extrusion or extrusion coating noteworthy is microcellular extrusion process [2, 12, 16]. It allows to receive
the products of the altered physical mechanical and utility properties
with different physical structure. Items that have been modified polymer material by means microcellular blowing agents characterized
by a greatly reduced density, stiffness and hardness. Also exhibit less
processing shrinkage and good damping properties. This creates new
fields of applications of polymers, wherever it is important to weight,
flexibility and hardness of the products [3].
Modification of the extrusion process, caused by microporosity of
polymer material, takes place at the end of the extruder plasticizing
system and must be carried out in order to use microcellular agent
(blowing agent) spread in the right place [9]. The satisfactory operation of the process of microcellular extrusion processing ensure
proper selection of polymeric material and blowing agent, processing
conditions and the design of individual processing machines and tools
placed at the production line [1].
Microcellular extrusion depends on inserting microcellular blowing agent into the material being processed under appropriate distributed processing conditions, changing the structure of materials into
microporous. It is possible to obtain microporous products of the

entire cross-section or having a solid outer layer and a microporous
core of extrudate. This involves using a suitably embossed intensive
cooling element, preventing the initiation process in the surface layer
[2, 4].
The microporous structure of the extrudate obtained by the microcellular extrusion process primarily affected by such factors as
the quantity dispensed and the temperature of the blowing agent in
the subsequent processing zones of the extruder plasticizing and extrusion head. The values of these factors should be coordinated, and
controlled the conduct of the process to obtain a uniform structure
throughout the cross section of the profile generated. The most important is to establish and stabilize the selected temperature range,
so it seems reasonable to thermal imaging of the process by thermal
testing [15].
Currently, thermal tests are widely used in various fields of science and life, such as energy, construction, machinery diagnostics,
electronics, environmental protection, medicine, marine salvage industry [10, 14]. Infrared, also known as thermography, deals with the
detection, recording, processing and visualization of invisible infrared
radiation emitted by objects. Obtained by measurements of infrared
image (thermometer) is a mapping of temperature distribution on the
surface of the observed object. The research intensity of the thermal
phenomena are a rich source of information about the technical condition of machines, operation, and of the changes that occur during their
operation [8, 9]. Allows to customize the functional characteristics
of individual elements of technological line for a particular process
and selection of processing conditions such that the process was carried out properly, and the resulting product was characterized by high
quality [11, 16].

(*) Tekst artykułu w polskiej wersji językowej dostępny w elektronicznym wydaniu kwartalnika na stronie www.ein.org.pl
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2. The test stand and conduct of the study
Thermal studies of microcellular extrusion were carried out in
extrusion technological line for profiles. The line included: extruder
T-32-25, mandrel extruder head with a nozzle diameter of 5 mm, cooling and the receiving units. In the process, was changed the course of
the rotational speed of the extruder screw using the 0,75; 1,02; 1,30;
1,57; 1,85 s-1 and content of blowing agent in the input polymer material range of 0; 0,5; 1,0; 1,5; 2,0; 2,5 % mass with the reference to the
mass of the plastic. Plasticized poly(vinyl chloride) Alfavinyl GFM31-TR was modified by the means of microcellular blowing agent in
the form of microspheres Expancel 930 MB 120 [5]. The temperature
of particular plasticizing system zones of extruder was appropriately
100, 110, 120, 130 ºC, temperature of extruder head was 140 ºC and
temperature of cooling factor was 17 ºC.
The thermal study of microcellular extrusion process uses infrared camera V-20, ER005-25 model. It allows to remote non-contact
recording of the temperature distribution on the surface of the examined objects. The camera is equipped with a photovoltaic detector
PDI-2TE-5 with high sensitivity. Image created by a mechanical scan
system using mirrors and precision powertrain. Image was created
point by point, line by line. With the help of the lens assembly, infrared radiation is focused onto a detector. Voltage generated by the
detector is dependent on the radiation power. Through precise control
of mirror motion is possible to measure the radiation point by point.
Infrared detection system in the camera V-20 is based on a thermoelectrically cooled HgCdTe detector, which allows to perform temperature measurement from -10 to 500 ° C, the temperature resolution
a)

NEDT from 0.05 to 5°C, corresponding to the recorded temperature.
Scanning angle is 30°, while creating thermogram consists of 57 600
points (240 points in 240 lines), with a line scan time of 7,2 ms. This
camera allows the remote measurement, recording and visualization
of infrared radiation emitted by machinery, tools, processing equipment and parts made of plastic, corresponding to the temperature of
the surface [11, 13].
Stimulus objects during the ongoing process of microcellular
extrusion were nozzle of extruder head and the microporous residue leaving the nozzle head. Recorded the infrared radiation emitted
by the surface of the examined objects, which after processing has
enabled the visualization in the form of thermal images. A detailed
analysis of temperature measurement was carried out on the section
of extrudate, which includes 29 points. We analyzed the change in
temperature during the extrusion process of the selected point on the
surface of the nozzle of extruder head and the surface of the extrudate
at a distance of 40 mm from the nozzle.

3. Results
As a result of measurements of thermal infrared images were
obtained (Fig. 1) together with the values of the examined surface
temperature and its distribution facilities. Then the images were analyzed using specialized computer program Therm V20 ver. 2.2.2. On
the basis of the results of micro-brewing temperature measurements
directly after leaving the nozzle of extruder head in different measuring points drawn graphs of the measured temperature dependence of
microporous extrudate, containing a microcellular blowing agent in
b)

Fig. 1. Examples of thermal images extrusion head and micro brewing: a) with the selected section of the extrudate surface measurement, b) with the selected
measurement points on the surface of the nozzle head, and extrudate.

Fig. 2.

Dependence of the extrudate temperature in individual measuring
points at a rate of screw rotation υ1 = 0.75 s−1 and the content of
microspheres from 0 to 2.5% of the masses.

Fig. 3. Dependence of the extrudate temperature in individual measuring
points at a rate of screw rotation υ2 = 1.02 s−1 and the content of
microspheres from 0 to 2.5% of the masses.
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Fig. 4. Dependence of the extrudate temperature in individual measuring
points at a rate of screw rotation υ3 = 1.30 s−1 and the content of
microspheres from 0 to 2.5% of the masses.

Fig. 6. Dependence of the extrudate temperature in individual measuring
points at a rate of screw rotation υ5 = 1.85 s−1 and the content of
microspheres from 0 to 2.5% of the masses.

Fig. 8. Dependence temperature of nozzle head on extrusion time with screw
rotational speed υ3 = 1.30 s−1 and content of microspheres range
0÷2,5% mass.

Fig. 10. Dependence temperature of nozzle head on extrusion time with screw
rotational speed υ5 = 1.85 s−1 and content of microspheres range
0÷2,5% mass.

the amount of 0 to 2.5% of the masses., changed at different rotational
speeds of the screw in the 0.75 ÷ 1.85 s−1. The relevant diagrams are
shown in Figures 2 to 6.
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Fig. 5. Dependence of the extrudate temperature in individual measuring
points at a rate of screw rotation υ4 = 1.57 s−1 and the content of
microspheres from 0 to 2.5% of the masses.

Fig. 7. Dependence temperature of nozzle head on extrusion time with screw
rotational speed υ1 = 0.75 s−1 and content of microspheres range
0÷2,5% mass.

Fig. 9. Dependence temperature of nozzle head on extrusion time with screw
rotational speed υ4 = 1.57 s−1 and content of microspheres range
0÷2,5% mass.

Along with increasing the content of the microspheres measure
temperature of poly(vinyl chloride) leaving the nozzle of extruder
head has decreased, and in that changes the dosage was a decrease
of 10.04°C. It can also assume that for the content of microcellular
blowing agent of 1.5% masses. temperature of the extrudate was some
stabilization at around 120°C, especially at the measuring points 13
÷ 29th. While increasing the screw rotation speed above the value of
1.30 s-1 there was a rise in temperature for the microcellular extrudate
in the range of content of microspheres with 0.5% and 1% of the mass
and its decline for content of microsphere above 1.5%.
In Figures 7 ÷ 10 shows examples of the ranges of temperature
changes during the extrusion of poly(vinyl chloride) with different
contents of the microspheres on the surface of the nozzle head, and
microcellular extrudate with minimum and maximum rotational speed
of the extruder screw.
Analysis of temperature changes during the extrusion process the
various materials can to some extent, the assessment of thermal stability of the process, and therefore also during the process of maintaining
a homogeneous physical structure and properties of micro-extrudate.
With the increase of screw rotation speed of 0.75 s-1 to 1.30 s-1 de-
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creases the stability of the process, as evidenced by the increasing
spread of the measured values of both the surface temperature of
the nozzle extrusion head (from 1.49 to 2.08ºC) as and microporous
extrudate (from 4.32 to 5.31ºC) and maximum deviations from the
mean. Further increasing the screw rotation speed to 1.85 s-1 stabilizes
the process from the heat, since these reduce the size of its values corresponding to 1.61ºC and 3.27ºC.
In a similar way to change the maximum surface temperature deviations nozzle of extruder head and microporous extrudate than the
average values. At least the screw rotation speed is equal to 0.96ºC
for nozzle of extruder head and varies by 1.39ºC to a final value of
1.01ºC. Analogous changes in the surface microporous extrudate and
reach higher values are respectively 2.58, 3.38 and 1.43ºC. Along with
increasing the content of blowing agent in the plastic temperature stability of nozzle of extruder head increases, the microporous extrudate
surface temperature decreases. Increasing the screw rotation speed increases the temperature stability of the microporous extrudate.

4. Summary
The research found that the inserting of blowing agent into
poly(vinyl chloride) significantly affect the bottom-thermal phenomena in the microcellular extrusion process, especially during the flow
in channels and extruder head for cooling the extrudate directly in the
head. In the investigated range of content of microspheres measure
the temperature drop extrudate leaving the extruder head is about 7%,
which is likely to be attributed to endothermal effect accompanying
widening of the microspheres during the microcellular process. Also
increases the rate of cooling of the resulting extrudate with increas-

ing microcellular blowing agent dosage. Decreasing the temperature
difference between micro-extrudate, and the surrounding resort. This
can have an impact on further steps in the process now taking place
outside the extruder, especially in the calibration and the final cooling
of the extrudate, thus in effect on the structure and properties of the
resulting microporous creations.
The observed decrease in the microporous extrudate temperature
increase the amount of blowing agent dosing may result from the
characteristics of the microcellular agent used. Microspheres for the
action of high temperature heat charge resulting in their expansion.
Stability of microcellular extrusion of poly(vinyl chloride) in the
tested range of changes in the extruder screw rotation speed should
be regarded as satisfactory, with the range of temperature-extrudate,
forming element – nozzle of extruder head averaged only 1.7ºC with a
maximum deviation from the value registered an average of at 3.6ºC.
Micro brewing temperature variation during the process of the measured distance reached 4.3ºC.
The maximum difference in the microporous extrudate temperature during the process was just over 8ºC, which already may have
a negative impact on the constitution of homogeneous structure and
properties of the extrudate. Generally, obtaining a high thermal stability of the process favored the smallest and largest of the tested range,
the extruder screw rotation speed, and low levels of blowing agents
in the material to 1.5% by mass. In order to achieve high thermal
stability of the process is preferred to use the minimum or maximum
value of the extruder screw rotation speed and the content of micropsheres in amounts up to 1.5% of the masses., the weight of material
processed.

Literature
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Bieliński M. Techniki porowania tworzyw termoplastycznych. Wydawnictwo Uczelniane Akademii Techniczno-Rolniczej, Bydgoszcz 2004; 10–25.
Borkowski J. Spienianie. Praca zbiorowa „Przetwórstwo tworzyw sztucznych”. Oficyna Wydawnicza Politechniki Warszawskiej, Warszawa
2000; 147–149.
Garbacz T, Tor A. Wpływ zawartości środka porującego na właściwości użytkowe zewnętrznych powłok kabli. Polimery 2007; 4: 286293.
Garbacz T, Samujło B. Wybrane właściwości geometrycznej struktury powierzchni wytworów porowatych otrzymanych z polietylenu.
Polimery 2008; 6: 471–476.
Jonsson L, Rosskothen K.R. Mikrospharen – ein universelles Treibmittel. Kunststoffe – Plast Europe 2003; 7: 86–87.
Klepka T. Konstrukcje osiowo-symetrycznych wytworów o kształtach złożonych. Polimery 2008; 5: 48–54.
Krzyżak A, Sikora JW. Przetwarzalność tworzyw fenolowych wyznaczana metodą BIP. Polimery 2007; 1: 44–50.
Miękina W, Madura H. Podstawy teoretyczne pomiarów termowizyjnych. Praca zabiorowa pod red. H. Madury „Pomiary termowizyjne w
praktyce”. Agenda Wydawnicza Paku, Warszawa 2004; 10-26.
Qiong Zhou, Chuan-Bo Cong. Exo-endothermic blowing agent and its foaming behavior. Journal of Cellular Plastics 2005; 3: 225–234.
Różański L, Poloszyk S. Zastosowanie termowizji w diagnostyce maszyn. Praca zabiorowa pod red. H. Madury „Pomiary termowizyjne w
praktyce”. Agenda Wydawnicza Paku, Warszawa 2004; 75–83.
Samujło B.: Selected aspects of thermovision in extrusion process. ICPP-2007, International Conference on Polymer Processing, Beijing,
Chiny 2007; 126–128.
Stewart R. Extrusion. Plastics Engineering 2005; 5: 18–27.
Tor A, Samujło B. Badania termowizyjne procesu wytłaczania mikroporującego poli(chlorku winylu). Przetwórstwo Tworzyw 2010; 4: 225–227.
Tor A. Charakterystyka procesu wytłaczania powlekającego. Eksploatacja i Niezawodnosc – Maintenance and Reliability 2005; 2: 18–22.
Tor-Świątek A, Sikora R. Modyfikacja poli(chlorku winylu) mikrosferami w procesie wytłaczania mikroporującego. Przetwórstwo Tworzyw
2011; 4: 248-251.
Wessel HC. Wytłaczanie profili ze spienionego PVC. Wytłaczanie Tworzyw Sztucznych. Wydawnictwo Plastech, Warszawa 1999; 34–38.

Aneta Tor-Świątek, Ph.D. (Eng.)
Bronisław Samujło , Ph.D. (Eng.)
Department of Mechanical Engineering
Lublin University of Technology
ul. Nadbystrzycka 36, 20-618 Lublin, Poland
E-mail: a.tor@pollub.pl; b.samujlo@pollub.pl

Eksploatacja i N iezawodnosc – Maintenance and Reliability Vol.15, No. 1, 2013

61

