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This paper describes results of experiment carried out on the VpCl-126 polyethylene inhibitor film with the aim to
examine its mechanical properties. Test samples of the film were measured to determine the thickness, and then
subjected to tear, fracture and puncture in order to examine mechanical properties that justify the wide application
of this film in surface protection of materials. Volatile corrosion inhibitors, like the tested polyethylene inhibitor
films, form a stable and reliable hydrophobic layer on the surface of the material, which prevents development of
electrochemical corrosion mechanism. Results obtained in this experiment confirm very good mechanical proper-
ties of the tested film, thus justifying wide application of inhibitor films.

Key words: corrosion, surface protection, volatile corrosion inhibitors, mechanical properties, VpCl inhibitor film

INTRODUCTION

In all exploitation phases during service life of any
metal structure, corrosion causes significant losses [1,
2]. In order to prevent corrosion damages, it is neces-
sary to apply an appropriate surface protection technol-
ogy that will provide the best results against the occur-
rence of corrosion. Such protection technology may act
as a changer of internal or external damage factors, or as
a creator of a barrier between the protected material and
environmental influences [3]. Protecting the material by
creation of a barrier is widely used, since 75 % of metal
structures are protected by organic coating [4]. How-
ever, a protective barrier on the metal surface that pre-
vents the contact of aggressive reactants from the envi-
ronment can be achieved in several ways. Vapor-phase
corrosion inhibitor films (VpCI) are widely used as pro-
tectors against corrosion. In appropriate concentrations
and with a high vapor pressure, volatile corrosion in-
hibitors form a hydrophobic layer on the surface of the
material, which prevents the exchange of ions and de-
velopment of electrochemical corrosion [5]. Because of
their efficiency as corrosion protectors, volatile corro-
sion inhibitors are used in many industrial branches,
such as oil and gas industry, chemical and process in-
dustry, etc [6-8]. The mentioned protection system can
be applied in several ways, one of which is coating of
metal products with polyethylene inhibitor film. Such
film is impregnated with inhibitors, so when wrapped
around a metal product, it forms a closed space into
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which vapors are released to provide a protective effect.
In this experiment, the VpCI-126 polyethylene inhibitor
film was tested to determine its mechanical properties.
The obtained results proved good mechanical properties
and extensive application possibilities. In addition to
high-quality corrosion inhibitor, mechanical properties
of a protection system have to be reliable, meaning that
films have to be stable to deliver satisfactory service.

EXPERIMENTAL PART

Within the experiment, test samples were made out
of VpCI-126 inhibitor film and measured to determine
their thickness. Then the samples were tested in a test-
ing machine to determine the tear strength, fracture
strength and elongation. Samples were also tested for
fracture and puncture. The experiment was carried out
on 12 samples, and the obtained results were analyzed
to define the mechanical properties of the tested VpCI-
126 film.

Measurement of the VpCl film thickness

Thickness of the polyethylene inhibitor film of the
VpCI-126 series was measured by the FTG-ISO4593
thickness gauge (Figure 1). Out of 12 samples prepared
for measurement, six samples were measured in longi-
tudinal direction (along the direction of the fibers),
while the other six samples were measured in horizontal
direction (horizontally to the fibers). The film thickness
can vary, so in longitudinal direction there was 0,011
mm thickness range between the minimum and maxi-
mum thickness, while in the horizontal direction the
film thickness range was 0,013 mm.
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Figure 1 Thickness gauge

The results obtained by measuring of the film thick-
ness are presented in Figure 2.
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Figure 2 Thickness of test samples

The thinnest film measured in the longitudinal direc-
tion was 0,096 mm, while the thickest was 0,107 mm.
The average thickness of the film in the longitudinal
direction was 0,102 mm. When measured horizontally,
the thinnest film had a value of 0,093 mm, while the
thickest was 0,106 mm. The average thickness of the
film in the horizontal direction was 0,099 mm.

Tearing test

Testing of the film to tearing was conducted on the
Instron 4443 testing machine, presented in Figure 3.
The test was performed by stretching the sample in the
machine to measure the tear strength. Obtained meas-
ures indicated the tear strength, fracture strength and
elongation of the test samples.

The highest measured strength for tearing the test
sample in the longitudinal direction was 69,72 N, while
the least tear strength for the same direction was 52 N.
The average tear strength in the longitudinal direction
of the tested film was 63,43 N. The highest measured
tear strength in the horizontal direction of the test sam-
ple was 71,36 N, while the least tear strength was 51,19
N. The average strength for tearing the test sample in
horizontal direction was 65,65 N. When comparing the
tear strength of both directions, it was confirmed that
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Figure 3 Tensile tester
used for
measuring the
film tear strength - A
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Figure 4 Tear strength of the tested film samples

the greater strength was required to tear the sample film
in horizontal direction. Values referring to the tear
strength of the samples are shown in Figure 4.

The highest tensile strength of the tested film for its
longitudinal direction was 26,29 N/mm?, while the least
one was 20,07 N/mm?. Average tensile strength of the
samples tested in its longitudinal direction was 24,34 N/
mm? The highest tensile strength of the samples meas-
ured in the horizontal direction was 27,81 N/mm?, and
the least one was 21,67 N/mm?. Average tensile strength
of the tested samples in their horizontal direction was
25,88 N/mm?. When comparing the values of tensile
strength (Figure 5), it was concluded that the tensile
strength measured for the horizontal direction was high-
er than the one measured for the longitudinal direction.
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Figure 5 Tensile strength of the tested film samples
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Figure 6 Percentage values referring to elongation
of the samples

When measured in the longitudinal direction, elon-
gation of the VpClI film at the fracture point was on av-
erage 377 mm, i.e. 742,1 % of the initial value, while
elongation in the horizontal direction was on average
469,4 mm, i.e. 923,9 %. The Figure 6 presents values of
elongation of the tested film samples.

Testing of fracture and puncture

Testing of film samples for fracture and puncture
was performed on the Spencer Impact Test ASTM
D3420 device equipped with a pendulum of 3 200 g.
When testing fracture, VpCI film was placed on clamps
to make it stationary. Before starting the impact test for
fracture, a crack was made on the film. The measure-
ment was performed by swinging the pendulum of 3
200 g through the clamped specimen with sufficient
force to propagate the previously made crack. Values
obtained by the impact test are presented in Figure 7.
Testing of film puncture was done by the same pendu-
lum, but in this procedure, pendulum was swinging into
undamaged film. Force applied to puncture the sample
was read on the device scale.

Average force required to fracture the tested VpCI
film in its longitudinal direction was 8,21 N, while the
same force applied in horizontal direction was 19,62 N.
The fracture force applied in the horizontal direction of
the sample was for 239 % greater than the force applied
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Figure 7 Force required to fracture the samples
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in longitudinal direction. Average force required to
puncture the film was 16,74 N, while average energy
needed for puncturing the sample was 1,44 J.

CONCLUSION

Results obtained by performed measurements indi-
cate the mechanical properties of the VpCI-126 film,
which proved to be very good. Therefore, the tested
film is suitable for extensive application in protection of
metal products. The quality of the tested film is consist-
ent in various exploitation conditions where materials
need to be protected from mechanical damages. Me-
chanically stable film is also expected to deliver its pro-
tective effect. Since the tested film proved to be me-
chanically stable, volatile corrosion inhibitors will be
able to provide appropriate protection when the film is
wrapped around the material, because the vapor pres-
sure will provide the protective layer. A barrier made by
the inhibitory layer on the surface of material will pre-
vent the transfer of reactants and the development of
corrosion mechanisms, thus reducing the costs connect-
ed with the repair of damages.

Application of appropriate corrosion inhibitors is
also recommended by the World Corrosion Organiza-
tion, which states that proper corrosion prevention
methods and technologies could reduce costs related to
corrosion damages by up to 35 %.
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