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Abstract:  Rubber is different from other polymeric materials because it needs to be crosslinked or vulcanised and mixed with several 

additives like fillers to achieve its state. The recycled rubber materials presented as granules are rapidly used as infill m aterial for different 
fields. One of the most important issues, especially in Albania is proving that these materials are recycled. One of the most important issues, 

especially in Albania is proving that these materials are recycled . Through the images provided by SEM we could study the microstructure of 

our samples. Also, after conducting an EDX spectrum analysis, we observed additives in the recyclable materials.  The DSC methods 

analyses that will provide info regarding the composition in rubber granules. Thermal analysis is an essential technique to measure the 

temperature or time dependent response of physical and chemical changes that occur in materials.  
Keywords: Recycled rubber, Differential Scanning Calorimetry (DSC), Scanning Electron Microscopy and energy dispersive analysis 

(SEM), Synthetic a artificial grass, heating and cooling.  
 

1. Introduction 

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 Scanning 

Electronic Microscope (SEM) and Differential Scanning 

Calorimetry (DSC). 

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 [2]. 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 [3]. The granulated 
rubbers used as infill material for artificial turf are recycled mostly 

from the tires of cars and trucks [4]. 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 [5]. It is very 
important to know what kind of additives they have. 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 [6].   

Chemical construction and physical state of rubber 
depends on carbon bond which can be coiled or complex. 

Therefore, the purpose of this paper is to investigate the 

components of granulated rubbers used in artificial turf. Samples 
are randomly chosen from different fields and for investigations are 

used test method Differential Scanning Calorimetry (DSC).  
For rubbery materials this temperature is below the 

ambient temperature. Like semi-crystalline thermoplastics a few 
rubbery materials often show cold crystallization (exotherm) and a 

subsequent melting (endotherm) during a heating scan. So it is very 

important to know what kind of additives and to know are the 
recycled. Therefore, the purpose of this paper is to investigate the 

components of granulated to use a different investigation methods. 
 

2. EXPERIMENT Materials and Methods  

Investigation involved eight granulated rubbers from 

different football fields being used as fillers in artificial grass 
football fields, received by Albanian and foreign market. 

Information about color, shape and size of the samples are reposted 

in Table 1.  

 

Sample G-1 G-2 G-3 G-4 G-5 G-6 G-7 G-8 

Color White Green Black Black Black Black Black Black 

Shape Granule 

2.5mm 

Granule 

0.8mm 

Granule 

0.8mm 

Granule 

0.8mm 

Granule 

0.8mm 

Granule 

2.0mm 

Granule 

1.mm 

Granule 

Fine 

Table 1:  Studying rubber sample 

 

For morphological study of the surface of the rubber 
materials a SEM JEOL6380LV scanning electron microscope was 

used (National Technical University of Athens, Greece). High 
resolution images were acquired, either in the secondary electron 

mode (SEM) for topography, or the backscattered electron mode 

(BSE) to reveal possible compositional variation. SEM is equipped 
with a X-ray microanalysis system (EDS of Oxford Instruments). 

EDS stands for “Energy Dispersive Spectroscopy” and it is based 
on X-rays emitted from a sample during electron irradiation. With 

this instrument chemical analysis, either qualitative or quantitative, 

can be performed [2, 7]. In this case, only qualitative analyses are 
given because additives are impregnated in the rubber material and 

mixed analyses cannot be avoided. 

In order to determine the thermal properties, we use Differential 
Scanning Calorimetry (DSC). The chosen temperature range for 

testing the rubber is from -80 0C to +200 0C with cool\heat step of 

10 0C/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 
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heated from 40 to 200 0C at a heating rate of 10 K/min–1 using 
nitrogen as purging gas at a flow rate of 40 ml/min. The 

experiments are carried out in air atmosphere. Two pans are heated 
in the measurement chamber.  

The sample pan contains the material being investigated. A second 
pan, which is typically empty, is used as a reference. The computer 

is used to monitor the temperature and regulate the rate at which the 

temperature of the pans changes. The same temperature interval was 
covered during cooling at the same rate. The melted crystallization 

enthalpy values were calculated using the software.  
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) [8, 10-11]. 

3. Results and Discussions 

After performing the SEM analyses for all samples a spectrum 
was taken as show a figures. Consequently, the provided chemical 

analyses are shown in the form of spectra.     In Figure 1, stains with 
a lighter color are easily noticed in the BSE image on the surface of 

the crumb. These stains witness the presence of foreign elements in 
the matrix of rubber. Chemical analysis over a number of such 

stains reveals minor quantities of other elements, such as zinc, 

silicon, potassium, magnesium, iron, and sulfur. Zinc oxide, 
together with stearic acid, plays an important role in vulcanization 

chemistry, called activators. These compounds react together and 
with accelerators to form a zinc sulfurating compound, which in 

turn is the key intermediary in adding sulfur to a diene elastomer 
and creating sulfur interlinks.  

Table 2:  Chemical analysis compositions of Rubber  

Element Weight% Atomic% 

Cao 2.75 4.37 

Sio2 6.32 9.05 

Al2O3 3.65 5.03 

Fe2O3 48.75 58.76 

MgO 2.75 4.37 

SO3 6.32 9.05 

K2O 3.65 5.03 

Zn K 38.53 22.78 

 

Fig 1. (left) Micrographs of first rubber crumb with the interest areas 

focused, (right) X-ray spectra of rubber 

 

Reinforcing filler used in rubber with particles of similar shape and 
size is finely divided silica. Magnesium oxide is necessary to give 

scorch resistance during vulcanization, mixed with zinc oxide. 

Magnesia is included in the formulation to act as a scavenger for the 
chlorine atom also. Iron oxides were found to be active fillers which 

improve mechanical and magnetic properties of the elastomers. 
Aluminum silicates are good reinforcing fillers, they give 

comparatively harder vulcanizates than other fillers, such as 
calcium silicates [8]. 

 
Fig 2. ((left) Micrographs of second rubber with crumb, (right) X-ray 

spectra of 2nd rubber  
 

The SEM image figure 2 shows the spread of additives on 

seventh rubber crumb such as calcium, oxide, aluminum, silicon, 

potassium and other elements in small amounts. We can observe 
defects in the microstructure of the rubber, presented by holes and 

microclusters. the BSE image shows the presence of many foreign 
elements inside the matrix of the second rubber crumb. Chemical 

analysis over a number of such stains reveals quantities of chemical 
elements, such as silicon, aluminum, potassium, iron, magnesium, 

and sulfur. The presence of oxygen shows that additives are added 
as metal oxides. Titanium and iron oxides are used in many 

processes as pigments. Microholes and microclusters are present in 

this sample. 

 

The DSC results generated from the test are displayed in the 

following figures (see figure 3 to 6). Plots, for all the samples show 
almost the same shape.  By using the program was possible to 

calculate the characteristics of each curve for first second heating 
and cooling down. 

 

 
(a)                                          (b) 

Fig 3: 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 
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As can be seen from the figure 3 and 4, (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.  

 

 
(a)                                       (b) 

Fig 4: DSC curves of first, second heating and cooling down, for sample G-

3. (a), DSC curves of first, second heating and cooling down, for sample G-4 

 

     For sample G-3 and G-4, the first and the second heating are 

almost identical, as the curves overlap on top of each other. The 
same behavior is noticed also on the samples G-5 and G-6, G-7 and 

G-8, as presented in the following figures. 

The melting characteristics of the tested rubbers, for the first 
and the second heat, show different values, as expected. However, 

for sample G-4 the heat capacity is almost at the same value (see fig 

4). 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. Regarding the results of the cooling 
curves for all the samples there is a difference, between samples, 

especially for samples G-3, G-5 and G-8.  

 

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. For a better view the results are 

summarized in fig5. 

 

 

 
Fig 5. Graphically presented the comparison of the heat capacity of all the 

tested samples, in first and second heating.  
 

From the spectrum it is noted that the second heating values 
are higher than the first heat value. this may be related to the 

restructuring / recrystallization of tire components. 

 

4. CONCLUSION  

 
The present paper aims to investigate the structure and the 

component of recycled tires, used in artificial turf/ grass as infill 

materials. From the analysis of BSE images was highlighted the 
basic matrix of rubber. Different shapes and sizes of particles of 

additives were spread on the whole surface (and therefore volume) 
of rubber. Except the chemical analysis of the additives, we can 

observe defects in the microstructure of the rubber, presented by 
holes and microclusters. Analyzing the EDX spectra, we identified 

the main additives, such as them influence the processing of 

recycled rubbers also, influence the physic mechanical properties, 
and the appearance of the rubbers 

By analysing the received spectra was possible to see the 
differences between the samples as they show different values of 

heat capacity. Samples G-4 and G-7 show almost the same values of 
heat capacity for first heating and for the second heating, differently 

from other samples, thus due to the fact that there is no difference 
on the thermal history. Samples G-6 and G-8 show higher values of 

heat capacity on the second heating compared with first heating. 

This could be explained by the presence of different additives that 
may be re-crystallized, however this needs a more detailed analyse 

which is in the further work of the research.  Different shapes and 
sizes of particles of additives were spread on the whole surface (and 

therefore volume) of rubber. 
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