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Abstract. The paper presents the results of research on the reduction
of mechanical interactions of the composite produced from components
resulting from the recycling of used car tires and plastic bottles
(i.e. polyethylene terephthalate, colloquially called PET). Composite
samples for testing were made with three thicknesses of mixtures rubber
granules and PET flakes. The whole was joined together with an epoxy
resin and formed into the shape of discs, which were then subjected to
mechanical interactions to determine the damping properties depending on
the thickness of the considered samples. The samples were subjected to
evaluation on the author's measuring stand. Obtained results of the research
indicated that the developed composite well suppresses mechanical
interactions resulting from dynamic interactions involving vibrations or
vibrations in the analyzed frequency range. The developed composite can
be used as a contribution to use in building materials that reduce
mechanical interactions.

1. Introduction

Building materials commonly used in residential and industrial construction are subject to
constant changes, aimed at finding more and more modern, energy-efficient and
inexpensive construction and material solutions that give greater possibilities of application
in various construction areas [l1]. Considering environmental protection, proper
management of waste management, as well as the comfort of human life, search is being
carried out in the area of new ways to obtain a building material made on the basis of raw
materials obtained from recycling. Thanks to waste management, it is possible to protect
the environment, use cheaper raw materials or raw materials as a substitute for a less costly,
faster and more effective material solution. In this article, a rubber composite is analyzed,
developed as a product resulting from the recycling of car tires and PET, which was made
from the recycling of plastic bottles. The developed rubber composite well absorbs
vibrations and other mechanical influences as well as the propagation of acoustic waves.
Rubber and PET flakes are combined with each other using a synthetic resin.
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1.1 Rubber-based composites
Rubber is a vulcanization product, made of natural and synthetic rubber, as well as other
additives having in its composition 3% sulfur and other admixtures. It is the main
component of car tires, which after a period of operation are subjected to a recycling
process and transformed, for example, into composites. Rubber is a product harmful to the
natural environment, and its storage in larger quantities is a serious fire hazard. Therefore,
the rubber is recycled, resulting in different fractions. Considering the size of rubber pellets,
larger fractions are suitable for playground surfaces and are used for the construction of
sports track surfaces, while smaller fractions are used to create, for example, car mats [2-5].
Rubber is characterized by very good damping properties; therefore, it is a material that
is widely used for damping mechanical interactions resulting from the vibrations of the
medium particles associated with the propagation of the disorder or the propagation of the
wave. Rubber as a material can be used as an admixture, in the form of aggregate dosed by
volume to concrete, however, obtaining damping properties is more beneficial based on
a composite, where more than 50% is a rubber charge. Rubber-based composites are an
excellent vibro-isolator of mechanical interactions. As a result, they reduce the impact of
various dynamic interactions. They are also characterized by significant internal damping,
can absorb sounds and exhibit very good form elasticity. In comparison to steel, for
example, the rubber does not corrode, and is resistant to fatigue and abrasion [6-12].

2. Research stand and research methodology

The electrodynamic exciter K2007E01 Mini SmartShakerTM TMS The Modal Shop, inc.
was used for the study, which was placed on a tripod made of C-section (100), which was
welded to a 30 mm thick sheet of steel. The exciter was mounted on a rail enabling its free
movement in the vertical direction to adjust to the appropriate thickness of the sample. On
the basis of a distance of 30 mm from the sample, accelerometers were placed to compare
the acceleration with the accelerometer mounted at the exciter, which made it possible to
determine the damping value for the sample under test. Measurements were made for three
frequencies: 5, 10 and 20 Hz. The reading was obtained from accelerometers connected
with each other using DEWESoft®. The diagram of the measurement station and the
location of the sensors are shown in Fig. 1.
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Fig. 1. Diagram of the measuring stand. 1 — electrodynamic exciter; 2 — accelerometer; 3 — a sample.

Below (photo 1) is a view of the author's measuring stand to determine the damping
properties (reducing mechanical interactions) for the developed composite compound.

Photo 1. View of the measuring stand. Photo 2. View of the measuring stand.
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3. Rubber compound — composition and execution of samples

The rubber composite considered in this work was made of the following components:
— 57% - had a rubber SBR, fraction below 1 mm, coming from car tires,
— 29% - PET flakes, originating from plastic food packaging,

— 14% - epoxy resin, a binder for the materials mentioned above.

a)

Fig. 2. Materials used to make the composite: a) Material derived from the recycling of car tires -
rubber granulate with a fraction below 1 mm; b) Material from recycled plastic bottles - colored PET
flakes

In the previously prepared form - a disc with a diameter of 100 mm, mixed composite
components were placed and left to obtain the target performance parameters. Samples with
three thicknesses were used for the assessment in accordance with Table 1.

Table 1. Markings of samples and their thickness.

Markings of samples Thickness of the sample
Sample 1 15 mm
Sample 2 20 mm
Sample 3 25 mm

Below (photo 3) are presented photos of samples for determination of damping properties
(reducing mechanical interactions) for the developed composite mixture.

15 mm 20 mm 25

—ﬁm——<— — — -

Sample 1 Sample 2  Sample 3

Photo 3. Samples produced with three thicknesses
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4. Results and discussion

The diagrams below present a comparison of average results from acceleration
measurements from three accelerometers placed at a distance of 30 mm from the tested
sample. Measurements were made at different frequencies: 5, 10 and 20 Hz. The graphs
show that the acceleration during the test is smaller for a thicker sample, which indicates
that the attenuation decreases with the thickness of the material being tested.
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Fig. 2. Comparison of acceleration in time between samples 1, 2 and 3 at 5 Hz.
2,50
2,00
_ 150 |
% 1,00
E 0,50 -
£ o000
E -0,50 + Bsample 1
< -L00 | Y Wsample 2
g -1.50 ¥ )
’ ]
- 2,00 sample 3
-2.50
-3.00
Ez 8888 EEs g =22 0T 828 E28
[= = R = < = < < < = N = N = = < = = = = = = A= =
Time [s]
Fig. 3. Comparison of acceleration in time between samples 1, 2 and 3 at 10 Hz.
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Fig. 4. Comparison of acceleration in time between samples 1, 2 and 3 at 20 Hz.
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From the analysis of the above diagrams, it can be noticed that the frequency influences the
damping value, i.e. the attenuation at 5 and 20 Hz is close to each other, while the
attenuation at 10 Hz has the highest value. In total, all attenuation values have been found

in Table 2.
Table 2. Damping values depending on thickness and frequency.

Markings of Thickness of the Damping for respective frequencies
samples sample 5Hz 10 Hz 20 Hz
Sample 1 15 mm 7.15% 10.36% 7.41%
Sample 2 20 mm 11.70% 13.35% 12.99%
Sample 3 25 mm 12.87% 14.63% 13.59%

5. Conclusions

Based on the conducted tests, the proposed rubber composite very well fulfills its damping
properties in the range between 5 and 20 Hz, with the most effective damping properties
occur at 10 Hz. At 20 Hz, the damping values are comparable to those at 5 Hz. These three
frequencies are the most adequate from the point of view of the hazard considering the
impact on structures. The frequency criteria in which the target work of the composite
material to be made have been accepted. Based on the research of the rubber composite
developed here, it can be clearly stated that the rubber composite made based on synthetic
resin, despite the high stiffness of the binder adhesive (glue) reinforced with PET flakes,
very well suppresses mechanical interactions.

It should be remembered that the components resulting from the recycling of car tires
are widely used in construction to produce various building materials. This is due to the
need to use the physical properties of the rubber. In the case of waste resulting from the
processing of polyethylene terephthalate, the possibility of reusing it also as a raw material
used in the production of building materials is used. Skillful management of these wastes
undoubtedly contributes to the protection of the environment. In addition, rubber waste and
PET flakes can be used to produce composites based on them, used to reduce mechanical
interactions, including also considering the hydroelasticity of the discussed materials
[5, 13].
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