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Characteristics of physical structure of poly(vinyl chloride) extrudate

modified with microspheres

RAPID COMMUNICATION

Summary — Microcellular extrudates based on poly(vinyl chloride) with blowing agents in the
form of microspheres added in an amount of 0.5, 1.0, or 2.5 % by weight of the polymer were pre-
pared. Extrudates in the form of rods were studied to determine the geometric characteristics of the
microporous structure. The influence of the quantity of blowing agents used on the number, size
and surface fraction of micropores formed was tested. Five consecutive sections of prepared
extrudate starting from the surface layer and ending with the core were studied. Significant
changes in the structure of successive layers, associated with different cooling rates were observed.
Keywords: microcellular extrusion, poly(vinyl chloride), blowing agent, microspheres, physical
structure.

CHARAKTERYSTYKA STRUKTURY FIZYCZNEJ WYT£OCZYNY Z POLI(CHLORKU WINY-
LU) MODYFIKOWANEGO MIKROSFERAMI
Streszczenie — W ramach tej pracy wykonano mikroporowate wyt³oczyny na bazie poli(chlorku
winylu) z dodatkiem œrodka poruj¹cego w postaci mikrosfer dodawanego w iloœci 0,5, 1,0 lub
2,5 % w stosunku do masy polimeru. Wyt³oczyny w postaci prêtów poddano badaniom maj¹cym
na celu okreœlenie cech geometrycznych ich mikroporowatej struktury. Stwierdzono wyraŸny
wp³yw u¿ytej iloœci œrodka poruj¹cego na liczbê, rozmiary oraz udzia³ powierzchniowy powsta-
³ych mikroporów. Przebadano po piêæ kolejnych przekrojów przygotowanych wyt³oczyn zaczy-
naj¹c od warstwy powierzchniowej, a koñcz¹c na rdzeniu. Zaobserwowano znaczne zmiany
struktury kolejnych warstw, co jest zwi¹zane z ró¿n¹ szybkoœci¹ ich ch³odzenia.
S³owa kluczowe: wyt³aczanie mikroporuj¹ce, poli(chlorek winylu), œrodek poruj¹cy, mikrosfery,
struktura fizyczna.

INTRODUCTION

Microcellular extrusion process is in recent years one
of faster developing polymer processing methods. Re-
sults of the process are products of different shapes like
pipes, bars, cables and conduit coatings, with specific
new physical and functional properties resulting from
modification of the structures [1—4]. The essence of the
process is to insert a suitable proportion of a blowing
agent to obtain homogeneous microcellular structure
without altering the properties [1, 5]. Blowing agent is in-
serted into polymer material during the extrusion pro-
cess. Under the influence of high temperature, the blow-
ing agent undergoes decomposition or expansion which
causes changes in the polymer material structure from
solid into microcellular [6].

The final physical structure of cellular and microcellu-
lar products depends upon:

— the type of blowing agent used and its ability to de-
compose [7—9],

— processing conditions of the polymer used [10—12].
The elementary values that allow defining physical

structure of the products with more than one component,
e.g. microcellular products, are these which enable to de-
termine the amount and quality of each component. The
resulting physical structure has to be characterized by
measuring the volume porosity, the surface porosity, the
dimension of pores, the pores distribution and finally the
volume fraction of pores (porosity of the system) [13, 14].
This can be done with computer image analysis methods
which are known to allow qualitative and quantitative
measurements of dispersed particular quantitie [15, 16].
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EXPERIMENTAL

Materials

Plastified, transparent poly(vinyl chloride) (PVC)
with trade name Alfavinyl GFM/4-TR was studied. PVC
used has density of 1210 kg/m3 and melt mass-flow rate
MFR (10 kg, 160 °C) of 2.19 g/10 min.

The blowing agent (BA) was used in the form micro-
spheres with name Expancel 930 MB 120, produced by
Akzo Nobel. The diameter of microspheres was from 28
to 38 µm, with density lower than 6.5 kg/m3 and process-
ing temperature range 140—200 °C. Unexpanded micro-
spheres are made of spherical polymeric capsules con-
taining gas-liquid hydrocarbon. Under the influence of
higher temperature microspheres absorb heat, what
caused growth of its volume up to 50 times. BA used in
this research was a blend containing 65 % of micro-
spheres in copolymer of ethylene and vinyl acetate
(EVA).

Samples preparation and testing

Samples were obtained by means of microcellular ex-
trusion process with constant screw rotation speed
1.30 s-1 and using different content of BA (0.5, 1.0 or 2.5 %
of the mass in relation to the mass of input plastic). The
process was conducted in the following temperatures of
heating zones in the plasticizing system and extruder
head: 100, 110, 120, 130 and 140 °C. Extrusion products
are in the shape of a rod with diameter 5 mm.

In order to assess physical structure of the extrudate
obtained, samples in the form of microsections, as it is
shown in Figure 1, were prepared. The samples were
inserted into a chemoset acrylic resin with trade name
Duracryl Plus, produced by SpofaDental a.s. Then sam-
ples were ground and polished for imaging analysis.

Physical structure of the extrudate was tested with
computer image analysis techniques by using a confocal

laser scanning microscope LEXT OLS3100. Analysis of
microscopic images was carried out by computer pro-
gram Pixel-Fox. Microcellular extrudate samples were
examined in cross-sections in five measuring plots, start-
ing from surface layer and next moving the measuring
area towards the core, numbered from 1 to 5, respectively.
Area of each measuring plot was 0.292 mm2.

RESULTS AND DISCUSSION

Figure 2 presents images of the microcellular struc-
ture of samples with various contents of BA in the form of
microspheres. Based on the analysis of obtained images it
can be stated, that new microcellular structure of the
extrudate is not homogeneous in the whole section. There
is greater concentration of micropores formed in the core
of the extrudate. Faster cooling of the extrudate prevents
expansion of microspheres in the skin layer. Changed
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Fig. 1. View of exemplary sample in the form of microsection
inserted in a chemoset acrylic resin

a)

80 m�

b)

80 m�

c)

80 m�

Fig. 2. View of physical structure of obtained microcellular
extrudate with content (in relation to PVC mass) of BA in the
form of microspheres: a) 0.5 %, b) 1.0 %, c) 2.5 %



content of microspheres has a significant influence on
size, distribution and amount of expanded micropores.
The diameter of micropores in the skin layer decreased
from 70.18 µm (for 0.5 % of BA) and 69.48 µm (for 1.0 % of
BA) to 47.95 µm (for 2.5 % of BA).

As a result of the study, characteristic quantities of the
physical structure such as the amount, diameter, elemen-
tary surface and the surface fraction of micropores were
obtained. Research results of physical structure of ob-
tained microcellular extrudate are shown in Tables 1—3.

T a b l e 1. Results of investigation of physical structure of

microcellular extrudate with 0.5 % content of BA

Number of
measuring

cross-section

Amount
of micro-

pores

Diameter
of micro-
pores, µm

Elementary
surface of

micropores
µm2

Surface
fraction of
micropores

%

1 6 70.18 9 313.98 15.65

2 10 76.30 6 894.70 25.10

3 13 89.62 8 262.66 27.08

4 14 96.40 11 269.50 44.31

5 15 114.10 12 196.25 48.24

T a b l e 2. Results of investigation of physical structure of

microcellular extrudate with 1.0 % content of BA

Number of
measuring

cross-section

Amount
of micro-

pores

Diameter
of micro-
pores, µm

Elementary
surface of

micropores
µm2

Surface
fraction of
micropores

%

1 33 69.48 4 813.43 41.20

2 31 78.45 5 387.59 48.35

3 25 80.34 6 045.65 52.33

4 31 86.41 7 869.59 60.48

5 37 96.49 5 707.33 67.96

T a b l e 3. Results of investigations of physical structure of

microcellular extrudate with 2.5 % content of BA

Number of
measuring

cross-section

Amount
of micro-

pores

Diameter
of micro-
pores, µm

Elementary
surface of

micropores
µm2

Surface
fraction of
micropores

%

1 34 47.95 2 452.84 56.60

2 35 55.62 3 168.32 66.58

3 36 57.03 3 471.20 80.81

4 41 57.10 3 026.98 94.44

5 49 57.40 2 763.27 98.40

Increasing content of BA in PVC from 0.5 to 2.5 %
caused decrease in size of micropores by about 30—50 %
depending on cross-section. Simultaneously in conse-
cutive measuring layers of the samples one observes a
gradual increase in micropores diameter ranging from
about 48—70 µm in the surface layer (number 1) to

57—114 µm in the core of the extrudate (number 5). The
same applies to elementary surface of micropores. Its in-
tensive decrease is observed with 2.5 % content of BA.
Growth of this quantity is greatest at the lowest dosage of
BA in amount of 0.5 %. However the surface fraction of
micropores in the whole range of microspheres propor-
tion is lowest in the surface layer (number 1) of the
extrudate and it ranges from 16 % at 0.5 % of BA to 56 % at
2.5 % of BA. While approaching the core of the extrudate
increasing surface fraction of micropores is observed. In
measuring cross-section in the core of the extrudate
(number 5) this fraction ranges appropriately from 48 %
for sample with 0.5 % of BA to 98 % for sample with 2.5 %
of BA.

Similar dependence holds for the amount of micro-
pores in particular measuring cross-sections. The amount
of formed micropores in extrusion products in particular
measuring layers increases with increasing content of BA
in PVC. The amount of micropores increases also with the
change of measuring cross-sections in the direction of
extrudate core, however this increase is gradual. The
largest increase in the amount of micropores occurs in
each measuring area during the change of BA dosage
from 0.5 to 1.0 % and it ranges from 450 % in the skin layer
to 147 % in the core. This may be due to the cooling inten-
sity of the extrudate, which prevents formation and
growth of microspheres in the skin layer.

CONCLUSIONS

The analysis of results showed that both the diameter
of the micropores formed, the elementary surface, the
surface fraction and amount of micropores varies
depending not only on the content of blowing agent
(microspheres) in the material, but also on the measuring
cross sections. All tested values characterizing the physi-
cal structure of microporous extrudate had lower values
on the surface layer of the extrudate. These values in-
creased while shifting the measurement cross-section to-
wards the core of the extrudate. This demonstrates the
significant impact of extrudate cooling intensity on the
test quantities. Contact between the surface layer of
extrudate during the extrusion and a cooling factor (wa-
ter), caused the formation of micropores and the growth
just created pores.

Modifying PVC with BA in sufficient quantity is es-
sential to the effective conduct of the extrusion process
and the properties and structure of products.
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INSTYTUT IN¯YNIERII MATERIA£ÓW POLIMEROWYCH i BARWNIKÓW w TORUNIU
ODDZIA£ ZAMIEJSCOWY FARB i TWORZYW w GLIWICACH

zaprasza do zaprezentowania swoich osi¹gniêæ na X Miêdzynarodowej Konferencji

ADVANCES IN COATINGS TECHNOLOGY
(POSTÊPY W TECHNOLOGII FARB I LAKIERÓW)

która odbêdzie siê w dniach 9—11 paŸdziernika 2012 r.

na terenie Centrum EXPO SILESIA w Sosnowcu

Tematyka Konferencji obejmuje:

• Nowoœci w zakresie bazy surowcowej dla wyrobów lakierowych:

— ¿ywice (nowe polimery, organiczno-nieorganiczne systemy hybrydowe, biopolimery, „inteligentne” polimery)

— pigmenty (antykorozyjne, funkcjonalne, o wysokich parametrach jakoœciowych)

— wype³niacze (w tym funkcjonalne)

— œrodki pomocnicze i modyfikatory (w tym biocydy)

• Nowoczesne i przyjazne œrodowisku technologie wytwarzania wyrobów lakierowych i ich stosowanie:

— wodorozcieñczalne, high solids, proszkowe, utwardzane radiacyjnie (UV/EB), funkcjonalne: przeciwporostowe
i antykorozyjne, pow³oki „inteligentne”: higieniczne, nanostrukturalne, samoczyszcz¹ce, anty-graffiti, biopow³oki,
nanotechnologie

• Analizê i badania wyrobów lakierowych oraz pow³ok

• Aparaturê do produkcji wyrobów lakierowych: laboratoryjn¹ oraz badawczo-pomiarow¹

• Zagadnienia ekologiczne, uwarunkowania legislacyjne

• Kierunki rozwojowe rynku

Jêzykiem konferencji bêdzie jêzyk angielski i polski z symultanicznym t³umaczeniem.

Czas prezentacji referatu wynosi ok. 25 minut wraz z dyskusj¹.

Op³ata konferencyjna dla osoby wyg³aszaj¹cej referat lub prezentuj¹cej plakat wynosi 270 euro (brutto).

Wszystkie materia³y od osób prezentuj¹cych referaty i plakaty naukowe, tj.: skrót referatu lub plakatu (do 120
s³ów), biografia autora (do 50 s³ów), pe³ny tekst referatu lub plakatu (do 10 stron formatu A4), powinny byæ dostar-

czone w jêzyku angielskim w terminie do 31 maja 2012 r. na adres:

Instytut In¿ynierii Materia³ów Polimerowych i Barwników
Oddzia³ Zamiejscowy Farb i Tworzyw, ul. Chorzowska 50A, 44-100 Gliwice
Komitet Organizacyjny Konferencji ACT’12 – mgr in¿. Anna Paj¹k

tel. +48 (32) 231 9043; fax: +48 (32) 231 2674; e-mail: a.pajak@impib.pl

www.impib.pl

Istnieje mo¿liwoœæ promocji firmy w formie wk³adki reklamowej do materia³ów konferencyjnych, plakatu

lub stanowiska promocyjnego.
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