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ABSTRACT
In recent years, cellular extrusion of polymers has been one of the fastest growing pro-
cessing methods. It is used especially to obtain sections, bars, pipes and cellular coat-
ings free from strains on the product surface, displaying reduced density and minimum 
shrinkage, at the same time maintaining similar properties of products extruded in a 
conventional way. In order to obtain cellular structure, product properties are modi-
fied by application of proper plastics or adding blowing agents. The article provides 
a description of manufacturing processes of cellular product. It gives characteristics 
of blowing agents used in the extrusion process and of processing conditions. Also, 
it discusses selected results of examined properties of the obtained cellular products.
As part of the modernization of the cellular extrusion technology the extrusion head 
was designed and made. During the designing and modeling of the head the Auto 
CAD programe was used. After the prototyping the extrusion head was tested. In the 
article specification of cellular extrusion process of thermoplastics was presented. In 
the research, the endothermal chemical blowing agents in amount 1,0% by mass were 
used. The quantity of used blowing agent has a direct influence on density and struc-
ture of the extruded product of modified polymers. However, these properties have 
further influence on porosity, impact strength, hardness, tensile strength and another. 

Keywords: cellular extrusion, extrusion head, simultaneous construction, CAD, blow-
ing agents, physical properties.

INTRODUCTION

Extrusion of cellular plastics differs from 
extrusion of solid plastics in that the product 
obtained as a result of processing procedure is 
formed into a diphase structure plastic material-
gas, with possibly smallest and evenly distributed 
gas bubbles. Cellular structure is obtained due to 
the insertion of the blowing agent (porophor) in 
the form of an inert gas, low-boiling liquid or a 
solid body into the input plastic which, when in 
liquid or solid state, transforms into gas under the 
determined conditions of extrusion process [1, 2, 
3, 4, 5, 19, 20]. When in the proper temperature 
the process of gas emission is started, numerous 

microspheres which are then generated, dissolve 
in the ambient plastic material due to the opera-
tion of pressure and surface development. The 
emerging cells may be filled with air or with any 
other gases, for instance CO2 and N2, yet later they 
are replaced by air as a result of diffusion [6, 7].

The blowing agent (porophor) is selected so 
as to match the type of plastic material, and its 
decomposition temperature has to be higher than 
the melting point of the plastic material, yet low-
er than the temperature during plastic extrusion. 
Cellular plastic in a liquid form is not yet a stable 
system because as a result of interfacial tension at 
the material–gas contact point, and as a result of 
diffusion, the number of cells decreases, whereas 
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their dimensions enlarge, which constitutes an 
undesirable effect. The obtained cells keep en-
larging until gas pressure and interfacial tension 
are balanced. Favourable structure of a small-cell 
plastic can be maintained in the product by its im-
mediate cooling and solidification. [2, 8, 9]. 

Currently, the most significant group of po-
rophors used in extrusion and injection moulding 
of plastics are organic porophors. They belong 
to a number of groups having different chemical 
structures. Of those, the greatest significance is 
displayed by an azo compound; azo-formic acid 
diamide (azodicarbanamide). Blowing agents 
used in cellular extrusion of plastics may have 
exothermic or endothermic decomposition char-
acteristics [1, 2, 8, 10, 11, 12]. Porophors that has 
been used so far usually have exothermic decom-
position characteristics. This may be the cause 
of local overheatings and generation of irregular 
cellular structure of the product. When blowing 
agents have endothermic decomposition charac-
teristics, generation of gas during processing is 
violently stopped when the energy flow is cut off. 
The application of such blowing agents consider-
ably shortens the cooling time. Examples belong-
ing to this group are among others bicarbonates 
e.g. sodium bicarbonate, ammonium bicarbonate. 

The studies on cellular extrusion process 
conducted by authors of the articles [6, 7, 9, 10, 
13] are focused, among others, on the generation 
of products from cellular plastics. This results 
in the reduction of purchase costs of the plastic 
material, of process energy costs and of transport 
costs. Study on cellular extrusion of thermoplas-
tics regards the process in which the modification 
of product properties is done by alternating the 
extrusion conditions and design features of tech-
nological line elements. The extruded product ob-

tained may have a fully solid or cellular structure, 
both cellular core and topcoat, or cellular core but 
solid topcoat [2, 7, 14]. Extrusion process which 
involves the application of blowing agents results 
in obtaining new, modified physical and techno-
logical properties of the extruded products.

EXPERIMENTAL PROCEDURE AND 
RESULTS

As a part of the modernization of the cellu-
lar extrusion technology the extrusion head was 
designed, with the using Auto CAD program. 
Next, the extrusion head was made according 
to the prepared design solution. After the proto-
typing the extrusion head was testing in order to 
apply in technological line of cellular extrusion. 
Figure 1 shows the schemes of the designed ex-
trusion head, while in Figure 2 and 3 the actual 
appearance of the designed extrusion head is 
presented.

The body (2) of extrusion head consists of 
two parts, one of which allows the connection of 
head to the extruder plasticizing system, the sec-
ond part of the body enables the assembly of the 
extruder die (1). Between the two parts of body 
the distributive mandrel (4) is mounted. Extru-
sion die is a replaceable item, which allows the 
extrusion of profiles with different shapes and 
sizes, both symmetrical and asymmetrical. 

 The extrusion head has two heating zones 
and two corresponding annular heaters mount-
ed on the body of the head and the die body, 
and two temperature sensors (thermocouples) 
installed in two heating zones of the head. In-
terchangeable dies allow the production of 
symmetrical shapes.

Fig. 1. Examples of the designed schemes of extrusion head for profiles
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In the study presented in the article, the used 
blowing agent was Hydrocerol BIH 70. It has 
endothermic decomposition characteristics and 
it assumes the form of granules with diameter 
of 1.2 to 1.8 mm. Hydrocerol BIH 70 contains 
70% of the blowing agent mass having the initial 
decomposition temperature of 140°C. The blow-
ing agent is a mixture of sodium bicarbonate and 
2-hydroxypropane- 1,2,3-tricarboxylic acid (cit-
ric acid). In the presented study, Hydrocerol BIH 
70 was dispensed as 0.2% to 1.0% of the mass.

The investigation of the extrusion process 
was carried out in the processing line for extru-
sion .The extruder plasticizing unit was equipped 
with four heating zones. The screw had an L/D 
ratio of 24 and external diameter D of 45 mm 
(Figure 4). The line also contained the extruder 
head for moulding rods with external extrusion 
die diameter equal 8.00 mm, cooling device 
(cooling bath) and collection device. Extrusion 
was carried out under the following parameters: 
temperature of the heating zones 150, 160, 160 
and 165°C respectively; extruder head tempera-
ture within two heating zones 155°C. 

As a result of the carried out process of extrud-
ing modified polyethylene with blowing agents, 
the extruder product was obtained in a form of a 
rod of 8.00 ± 0.01 mm in diameter. Extrusion and 
cooling conditions were properly selected, which 
allowed to obtain a product having a solid topcoat 
and a cellular core.

The specimens of of the extruded product 
were then examined in structural properties 
in compliance with relevant recommendations 
and norms [15–18]. Their density and poros-
ity were investigated. In addition to that, their 

Fig. 2. View of the parts of extrusion head for profiles: 1 – die, 2 – body parts, 3 – annular heaters, 
4 – distributive mandrel, 5 – filter of polymer 

Fig. 3. View of the extrusion head for profiles

Fig. 4. View of the technological line section for extrusion process and extruded product
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surface structure was analyzed based on digital 
images made.

The method of standard density determina-
tion of plastic materials was applied during stud-
ies on density of sample products from cellular 
plastics. Measurements were taken in accordance 
with recommendations of a relevant standard. 
Refined particles of sample, whose mass ranged 
from 1 to 5 g, were the object of the study. 

The hardness tests by Shore’s method were 
conducted using an Affri-manufactured hardness 
tester, type ART13 – Shore’s method D. Such a 
choice was due to the method employed for de-
termining solid polymers hardness. 

Water and oil absorptivity examination 
was carried out in accordance with PN-EN ISO 
62:2000: Plastic materials. Determination of wa-
ter absorptivity standards and with PN-EN ISO 
175: 2002: Determination methods of effects of 
immersion in liquid chemicals. 

The investigation and analysis of the porous 
structure of the produced extruded parts were 
conducted using an confocal microscope, type 
Olympus FluoView FV1000 and copyright posi-
tion of image analysis of porous structure and the 
author’s stand for porous structure image analysis. 
Microscope FV1000 was equipped with 1.3 Mpix 
camera, enabling direct viewing of microscaning 
image on computer screen. Observation of speci-
mens structure and its recording was made in re-
flected light with suitable magnification.

In line with recommendations and in accor-
dance with proper standards, density, porosity, 
hardness, water and oil absorptivity in relation to 
the extruded product obtained from cellular poly-
ethylene were examined. Exemplary results are 
demonstrated in Tables 1 and 2.

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 5 and 6.

Extrusion products made of PE with 0.4% 
blowing agent content do not have sufficiently 
cellular structure (Figure 5). The cell dispersion 
patterns in the structure could be attributed to 

Table 1. Results of the studies of the apparent density, porosity and hardness of product modified by the blowing 
agent

Sample No. Content of blowing agent, % Porosity, % Density, kg/m3 Hardness, °Sh D

1 0 0 940 65

2 0,2 19 762 60

3 0,4 22 733 60

4 0,6 36 602 55

5 0,8 40 564 50

6 1,0 42 545 51

Table 2. Results of studies on water absorptivity and oil absorptivity of cellular polyethylene 

Sample No. Content of blowing agent, % Water absorptivity, % Change in mass following 
immersion in oil, %

Change in mass following 
desiccation, %

1 0 0,25 0,15 0,08

2 0,2 0,22 0,20 0,07

3 0,4 0,20 0,19 0,08

4 0,6 0,30 0,15 0,06

5 0,8 0,30 0,20 0,06

6 1,0 0,30 0,20 0,06

Fig. 5. Cross-sectional view of a cellular polyethyl-
ene product, with 0.4% content of the blowing agent 

Hydrocerol BIH 70
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the non-uniform dosing of a very small blowing 
agent amount into the polymer and the character-
istics of the applied blowing agent with the endo-
thermic decomposition behavior. 

Based on the analysis of the photographs tak-
en, it can be seen that the coating with the 0.6 and 
0.8% blowing agent contents has a visible solid 
surface and most uniform distribution of similarly 
sized pores (Figure 6). 

The number of pores increases proportionate-
ly to the increase in the blowing agent content in 
the polymer being extruded. The number of pores 
also depends on their position and distance from 
the surface. 

4.  As a result of the conducted measurements, 
values for amounts of water absorbed by a 
sample ranging from 0.25 to 0.30% were ob-
tained. Quantity of absorbed water by sample 
surface does not change significantly along 
with the increase in blowing agent content. 
Values for sample mass gain after immer-
sion in oil ranging from 0.15 to 0.20% were 
obtained. Neither water absorptivity nor mass 
gain after immersion in oil do not change along 
with the increase in blowing agent content in 
the processed plastic material. This may show 
that cells generated in the cellular extrusion 
process are closed and prevent penetration of 
water and oil into the interior of the cellular 
extrusion product.
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