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INTRODUCTION

Foil is a product made of polymer material, 
characterized by a low thickness, simultaneously 
retaining large width and length. In order to di-
vide the foil into various groups, it is necessary 
to introduce various criteria, i.e. the number of 
layers of the material: single or multilayer, trans-
parency: transparent, translucent and light-imper-
meable, surface quality: smooth, matt, shiny, em-
bossed and extruded, the content of plasticizer: 
hard and soft. Due to the fact that products in the 
form of foil have very good mechanical proper-
ties, they are widely used throughout the industry, 
including: construction, agriculture and horticul-
ture, and above all, in the packaging industry. 
The foil intended for packaging must additionally 
meet various criteria, e.g. resistance to fragrance 
penetration from the packaging into a product, 
thickness below 52 μm, weldability in the tem-
perature within 150- 190° C range and the desired 
flexibility (elongation not lower than 70%) [1, 6, 
7, 10, 12].

Depending on the type of material and sup-
plements, each type of foil is characterized by dif-
ferent properties, but there are common features 
characterizing all these types including: high ten-
sile strength, resistance to chemical agents and 

overall transparency (excluding colored foil). Foil 
can be produced by several methods, depending 
on the expected properties and form (roll, sleeve). 
The most common production methods include: 
extrusion, pouring, calendering and forming on 
heated rolls.

Foils products manufactured industrially 
have thickness of 0.03-1 mm, the width of up to 
1.5-2 m, and the length (in the form of a ribbon 
or sleeve) up to several kilometers. Foil products 
might be subject to various processes to improve 
their properties, e.g. activation, electrification or 
metallization. Foil can also be divided according 
to the content of plasticizer, as shown in Figure 1 
[2, 13, 18].

Surface layer of a polymer foil

The surface layer of the foil encompasses 
that part of the material into the product which 
is characterized by altered physical and chemical 
properties (Fig. 2) in relation to the properties of 
the core. The thickness of the surface layer can 
range from a few nanometers to several hundred 
micrometres, however, foil is a product with a 
thickness not exceeding 1 mm, and thus its sur-
face layer cannot be as complex, as in other plas-
tic products.
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While manufacturing foil and also during the 
subsequent use, the following transformations 
may take place: mechanical (e.g. when rough sur-
faces contact), thermal (e.g. during heat generat-
ing), physicochemical (e.g. adhesion) and chemi-
cal (e.g. oxidation). The structure and properties 
of the surface layer depend on many factors, i.e.: 
geometric changes occurring in the processing, 
additional components (especially fillers) or ex-
tortion in the processing (e.g. heat flow intensity) 
[5, 8].

The surface layer is characterized by certain 
parameters, and some imperfections are possible 
in its structure (Fig. 3).

The surface layer is important when using 
plastic objects, including: the top layer has the 
greatest stresses, both its own and those from 
external loads; the properties of the surface layer 
have a very large influence on the processes of 
friction, lubrication and wear due to the direct 
contact between the cooperating elements which 
also affects the appearance and aesthetics of the 
products.

The surface layer plays a significant role 
while using plastic objects, including: the surface 
layer bears the greatest tensions, both internal and 
those from external loads; the properties of the 
surface layer have a very large influence on the 
processes of friction, lubrication and wear due to 
the direct contact between the cooperating ele-
ments, which also affects the appearance and aes-
thetics of the products.

Friction of foil layers

The phenomenon of the occurrence of fric-
tion force between the foil layers is closely re-
lated to the phenomenon of blocking the foil lay-
ers. Blocking occurs during winding of the foil 
round the rolls, in turn the so-called subsequent 
blocking occurs when the foil is stacked under the 
influence of heat or pressure. This has a negative 
impact on the subsequent processes following the 

Fig. 1. Diagram showing the classification of foils due to the plasticizer content

Fig. 2. Diagram of the structure of the surface layer 
of the foil

Fig. 3. Imperfections occurring in the surface layer, where: g - thickness of the layer; s - structure of the surface 
layer; u - solidification; σ - own strains of the surface layer; Sw - contamination of the surface layer; 1 micro-

cracks; 2 - crevince; 3 - shrinkage porosity; 4 - pore; 5 - chuckhole; 6 - inclusions
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foil production, such as printing. It can be noticed 
that low molecular weight fractions (or wax sup-
plements) produce an adhesive layer on the sur-
face of the foil. In this case, the force that is need-
ed to separate the two layers of foil is called the 
anti-blocking force. Foils with a very smooth sur-
face are more susceptible to the phenomenon of 
blocking, as this increases the adhesion between 
the foil layers and the value of the coefficient of 
friction. Anti-blocking agents are very often add-
ed to the material formulas used in the production 
of foil to prevent blocking the foil with another 
foil or sticking the foil successive layers together 
in the packaging process at high speed and dur-
ing the storage of already finished products. Anti-
blocking additives first of all minimize adhesion 
and, thus, reduce the blocking force between the 
foil layers. When the correct anti-blocking agent 
is applied, the handling of the foil is much easier. 
The anti-blocking agents improve the mechanical 
tooling properties of the material i.e. minimizing 
blocking factor of the foil against another one and 
the reduced friction coefficient of friction the final 
laminate. An example of a product with and with-
out the supplement is shown in Figure 4.

Many functional features of plastic products 
are related to processes and phenomena occurring 
on their surface. The basic supplements enabling 
the modification of the surface characteristic 
of materials are: antistatics, adhesion promot-
ers, slip, non-slip, anti-blocking and anti-diving 
supplements.

In the case of foil production, slip, anti-slip, 
anti-blocking and anti-hunting supplements find 
frequent application. Lubricants are added when 
the foils (e.g. in the form of a sleeve) exhibit too 
high tendency of adhering to each other or to me-
chanical parts, which makes it difficult, and often 

impossible, to separate them (e.g., opening the 
pouch). This particularly applies to polyethylene 
(LD-PE, HD-PE) and polypropylene (PP) foils. 
Highly effective lubricants for polyethylene and 
polypropylene are respectively oleamide and eru-
camide added in an amount of about 0.05% to the 
polymer. The most efficient anti-blocking agents, 
added to the polymer mass in the amount of ap-
prox. 0.1%, include finely shredded chalk and 
silica. As far as chlorinated plastics (PVC) are 
concerned, amide wax in the amount of approx. 
1% is also applied [2, 14, 18].

RESEARCH METHODOLOGY

The purpose of the research is to determine 
the static friction force Fs and kinetic force Fk, as 
well as the friction coefficients corresponding to 
these forces: µs, µk. The research was carried out 
on the samples of foil in a form of a sleeve, obta-
ined as a result of extrusion with blowing (tempe-
ratures in particular zones) respectively 185, 195, 
200, 210 centigrade and 300 mm wide. Seven ty-
pes of foil made of LDPE Malen E, MFR about 2 
g / 10 min were used for the tests, of which sam-
ples A and G were made of foil without auxiliary 
supplements, and samples B, C, D, E, F contained 
supplements in the form of chemical compounds 
such as: erucic acid amide (C22H42O2), behenic 
acid amide (C21H43COOH), colloidal silica, po-
tassium soap or talc. All substances added to the 
foil were initially introduced into the concentrate 
on a twin screw extruder 2x18 L / D = 25 and then 
added to the material during the foil extrusion. 
 • Sample B contained supplements: erucic acid 

amide (0.06%), behenic acid amide (0.06%) 
and talc (0.1%).

 • Sample C contained supplements: erucic acid 
amide (0.12%), potassium soap (0.05%) and 
colloidal silica (0.08%).

 • Sample D contained supplements: erucic acid 
amide (0.04%), behenic acid amide (0.08%) 
and colloidal silica (0.15%).

 • Sample E and F contained a supplement in the 
form of erucic acid amide in the amounts of 
0.05% and 0.1% respectively.

Research position

The tests were carried out on a friction test 
stand that ensures the moving of the measuring 
carriage with a given mass G1, G2, with a con-

Fig. 4. Display of anti-blocker Ceridust 6050M: with-
out / with the supplement
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stant linear velocity V. During the measurement, 
the trolley with a stretched foil section was con-
nected with a foil section placed on a flat measur-
ing table. During the movement of the trolley, the 
force was measured parallel to the direction of its 
movement by means of the ZAD-1 Imada digital 
dynamometer with the maximum force recording 
range up to 20 N (Fig. 5.).

Experimental procedure

The foils used in each case were associated 
with each other on the inner surface. The mea-
surements were carried out in the range of ve-
locity possible to obtain on a special test stand, 
which the Polymer Processes Department is 
equipped with. The following testing conditions 
were adopted:
 • dimensions of the 80×80 mm measuring 

carriage;
 • foil pressure force G1 = 28.46 N, G2 = 38.27 N;
 • trolley travel speed V = 13 mm/min.

On the basis of the obtained diagrams of de-
pendences of friction force changes during the test, 
FS and FK were determined for which the values 
of friction coefficients sought were calculated (1).

  (1)

RESULTS AND DISCUSSION

The results of the measurements are summa-
rized in Tables 1-8. Additionally, the collected 

results are shown graphically in Figure 6 (for G1 
load) and Figure 7 (for G2 load).

The research results show that the use of eru-
cic acid and behenic acid supplements have an ef-
fect on reducing the friction coefficient of the foil. 
Additionally, the use of colloidal silica has a posi-

Fig. 5. The view of the measuring stand, Measuring 
cart with a load G1 = 28.46N and G2 = 38.27 N

Fig. 6. Graph of the coefficient of friction for individual samples under pressure G1
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Table 1. Measurement results for sample A

Foil sample
G1 G2

FS FK FS FK

A

0.72 0.67 0.84 0.76

0.80 0.68 1.00 0.84

0.69 0.74 0.98 0.82

Average
factor

0.74 0.70 0.94 0.81

ms mk ms mk

0.026 0.024 0.025 0.021

Table 2. Measurement results for sample B

Foil sample
G1 G2

FS FK FS FK

B

0.5 0.434 0.72 0.653

0.45 0.39 0.67 0.425

0.47 0.44 0.69 0.459

Average
factor

0.473 0.421 0.693 0.512

ms mk ms mk

0.017 0.015 0.018 0.013

Table 3. Measurement results for sample C

Foil sample
G1 G2

FS FK FS FK

C
0.54 0.4 0.65 0.57

0.74 0.42 0.64 0.629

0.63 0.4 0.64 0.63

Average
factor

0.637 0.407 0.643 0.610

ms mk ms mk

0.022 0.014 0.017 0.016

Fig. 7. Graph of the coefficient of friction for individual samples under pressure G2

Table 4. Measurement results for sample D

Foil sample
G1 G2

FS FK FS FK

D

0.26 0.226 0.33 0.28

0.25 0.24 0.32 0.29

0.27 0.25 0.31 0.3

Average
factor

0.260 0.239 0.320 0.290

ms mk ms mk

0.009 0.008 0.008 0.008

Table 5. Measurement results for sample E

Foil sample
G1 G2

FS FK FS FK

E

0.7 0.386 0.66 0.35

0.86 0.519 0.75 0.454

0.79 0.45 0.68 0.39

Average
factor

0.783 0.452 0.697 0.398

ms mk ms mk

0.028 0.016 0.018 0.010

Table 6. Measurement results for sample F

Foil sample
G1 G2

FS FK FS FK

F

0.81 0.54 0.85 0.58

0.94 0.56 0.92 0.68

0.86 0.55 0.87 0.6

Average
factor

0.870 0.550 0.880 0.620

ms mk ms mk

0.031 0.019 0.023 0.016



255

Advances in Science and Technology Research Journal  Vol. 12 (3), 2018

tive effect on the aforementioned property. The 
use of talc or potassium soaps does not influence 
the reduction of the sliding coefficient of friction.

The best results, as friction minimizing sup-
plements, showed sample D, containing erucic 
acid, behenic acid and colloidal silica. Figure 8 is 
a graph of the friction test of sample D.

CONCLUSIONS

In the light of the presented research, applying 
supplements that improve the properties of poly-
mer products is highly recommended as well as 
conducting research on the use of new modifiers.

Currently, new kinds of polyethylenes are 
produced to obtain more functional foils. Unfor-
tunately, this carries a risk, especially in relation 
to products having direct contact with food, be-
cause of the possibility of getting the chemicals 

contained in the foil into a wrapped item. There-
fore, it is worth conducting research, not only on 
the agents that improve the properties of the foil, 
but also on those that will be safe for the environ-
ment and health.
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