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Abstract: The purpose of this study was to investigate the structure of recycled tires which are used in artificial turf/ grass as infill
materials. One of the most important issues, especially in Albania is proving that these materials are recycled. In this paper it is presented
the FTR with ATR system methods analyses. That will provide info regarding the combining material in rubber granules, for the
investigation of their structure, it was used the spectroscopy method, with vibration infrared and Fourier FTIR transformation equipped with
ATR system, a method which enables analysis of samples of thick surface, without any prior preparation. The scanning of samples was done
with wavelength from 4000-400 cm-1. At the same time was possible to see the changes in the micro-structure of the tires by using the

Differential scanning calorimetry (DSC) analyses.
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1. Introduction

The rubber industry began when Charles Goodyear invented the
first usable mixed rubber: natural rubber plus sulfur. The concept of
mixing rubber materials to improve the performance is still of
primary importance today [1]

Rubber can be produced both naturally, through the latex found
in certain plants; and synthetically, through a process that uses
unsaturated hydrocarbons. In addition, rubber is a polymeric
material widely used in the automotive industry. Flexibility and
stability are the most characteristic features of this material.
Chemical construction and physical state of rubber depends on
carbon bond which can be coiled or complex. The high elasticity of
rubber depends on the ability of these connections to organize and
pull. Due to the extreme prevalence of rubber products the tires are
discarded and rubber recycling has become more common

2.

Rubber can be recycled using one of three basic
methods: by reusing (retreading old tires produces
functional refurbished tires). By burning; tires produces
energy used for different purposes [1]. By chopping down
and forming an entirely new product, such as playground
surfacing or using them directly as infill material especially
in artificial turf. This group of recycled rubbers will be the
focus of our study.

By using rubber particles in applications such as soccer fields
offers several benefits, including decreasing and sports injuries.
Advantages in artificial terrain lie in rubber ability to withstand
aggravated climatic conditions, even during or immediately after a
rain storm [2].

The granulated rubbers used as infill material for artificial turf
are recycled mostly from the tires of cars and trucks [3]. These tires
are supposed to be abrasion resistance, aging resistance,
temperature resistance, resistance to oxygen and chemicals
therefore are added fillers like carbon black during vulcanization
with sulfur [4-5]. As such it is very important to know what kind of
additives they have. Therefore, the purpose of this paper is to
investigate the components of granulated rubbers used in artificial
turf. The samples are randomly chosen from different fields and for
investigations are used two different test methods; the Infra-Red
spectroscopy by Fourier Transform FT-IR ATR and Differential
Scanning Calorimetry (DSC).
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2. EXPERIMENT Materials and Methods

For this study are taken into account eight granulated rubbers
from different football fields that are used as fillers in artificial
grass football fields, received by Albanian and foreign market. In
table 1 are summarized the detailed prescription of the samples,
stating color, shape and size.

Table 1: Studying rubber sample

The first equipment used to test the samples is Spectrometer
Bruker Tensor 27, equipped with Platinum ATR, enabling the
analysis of thin samples without any prior preparation. Instrument
resolution was 4cm™®. Wave number interval was measured from
370 to 4000cm*. Number of accumulations to reduce the noise was
10. For structural analyses and filler identification was used OPUS
software and previous literature conducted on rubbers.

White Green Black Black Black Black Black Black
Granule  Granule  Granule  Granule  Granule  Granule  Granule  Granule
2.5mm 0.8mm 0.8mm 0.8mm 0.8mm 2.0mm 1.mm Fine

The principle of this is FTIR technique is that light introduced into a
suitable prism at an angle exceeding the critical angle for internal
reflection develops an evanescent wave (a special type of
electromagnetic radiation) at the reflecting surface. Interaction of
this evanescent wave with the sample determines ATR spectrum
recording. Infrared (IR) spectroscopy is a very important non-
destructive technique for identifying the chemical bonds in
unknown compounds. This information is important for qualitative
as well as quantitative determination of the chemical compounds.
DSC measures the heat flow into or from a sample as it is heated,
cooled and/or held isothermally. The technique provides valuable
information on softening temperatures (or Tg), melting
temperatures, heats of melting, percent crystallinities, and re-
crystallization (temperatures and heats) [6, 7-8]. In order to
determine the thermal properties, we use Differential Scanning
Calorimetry (DSC). The chosen temperature range for testing the
rubber is from -80 OC to +200 OC with cool\heat step 0f10 OC/min.
The equipment used is DSC 200 F3Maia (costumer laboratory) rate
of 10 C/min in a nitrogen environment.

The sample mass is between 3.5 and 4.5 mg, which is low enough
to avoid problems caused by heat and material transfer. Samples are
heated from 40 to 2000C at a heating rate of 10 K/min™! using
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nitrogen as purging gas at a flow rate of 40 mi/min. The
experiments are carried out in air atmosphere. Two pans are heated
in the measurement chamber.

3. Results and Discussions

The received spectrum, presented respectively for the tested
samples, is a two-dimensional plot in which the axes are
represented by intensity and frequency of sample absorption. The
frequencies are helpful for the identification of the sample’s
chemical make-up due to the fact that chemical functional groups
are responsible for the absorption of radiation at different
frequencies. The concentration of component can be determined
based on the intensity of the absorption.

For the first sample of rubber, named G-1, the two main component
seem to be Polystyrene butadiene ABA Block (28% Styryne)
Kraton D 1101 presented with the molecular formula (C4H6) x
(C8H8)n, and Rubber carbon filled. The identification and the
molecular formula are found directly from the library of the OPUS
software.

Per each sample the spectra is accompanied by the name of the
compound of the presented elements (see figure 2 to 3).

Fig. 3 IR spectrum of artificial rubber G-2 .

In all spectra’s we identify the presence of rubber as basic material.
Groups of curves of spectra in the wavelength range 2850 -3000
cm? resulting from links absorptions of C-H3, C-H2 and C-H
during deformation. Curves group with wavelengths 2150 - 2300
cm-1 is attributed to absorption of C = C bonds, as in C = C bonds
attributed to the peaks frequencies of wave number 1500-1600cm-1.
During analyzing and comparing the spectra library of software
Opus was noted the presence of glass fibers as the main filler.

Small differences in wavelengths of spectra are attributed to the
presence of different fillers in rubbers. The greatest impact in fillers
is the intensity of peaks, as well as their duplication.

By using the program was possible to calculate the
characteristics of each curve for first second heating and cooling
down.
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Fig 1: DSC curves of first, second heating and cooling down, for
sample G-1. (a), DSC curves of first, second heating and cooling down, for
sample G-2

As can be seen from the figure 1 and 2, (for sample G-1 and G-2),
the graph show a slight difference in the shape of the curves,
between first and second heating, respectively for sample G-1 and
G-2. Thus by influencing also on the heat capacity, but not
influencing the melting temperatures, which show almost the same
value. The melting characteristics of the tested rubbers, for the first
and the second heat, show different values, as expected. The
different types of recycled rubber will have different properties
regarding the specific heat capacity and melting temperatures and
this reflects the differences due to thermal history. The melting
characteristics of the tested rubbers, for the first and the second
heat, show different values, as expected. Interesting is the fact that
same samples show higher values of second melting heat, this could
be interpreted as a result of re-crystallization of the product see the
fig.2. From the segment analyses, of the first heating, it is possible
to find glass transition, melting temperature and to calculate the
total heat flow of melting.
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Fig 2. Graphically presented the comparison of the heat capacity of all the
tested samples, in first and second heating.

4. CONCLUSION

The present paper aims to investigate the structure and the content
of recycled tires used in artificial turf/ grass as infill materials.
Structural investigation involved vibration spectroscopy with
infrared Fourier transformation FTIR-ATR Method with DSC.
Analyzes of the received spectra helped identify rubber as a basic
element in all the tested samples. In addition, efforts were made to
identify the fillers used for strengthening the physical-mechanical
properties of the rubber. The low intensity of peaks shown in
spectra made the identification of fillers difficult. This technique
provides information on the chemical structure and this is achieved
with a small amount of material. The combination of the FTIR-ATR
Method with DSC is used to distinguish similar materials, and those
materials that have the same temperature. Tg depends on the
morphology of the rubber particles, which is influenced by the
processing conditions and its thermal history. Observing higher
values of heat capacity in the second heating, compared to the first
heating. This can be explained by the presence of various additives
that can be recrystallized, however this needs a more detailed
analysis which is in further research work.
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