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Abstract: Ground tire rubber (GTR) was mechano-chemically modified using a road bitumen 100/150
and two types of organic peroxides: di-(2-tert-butyl-peroxyisopropyl)-benzene (BIB) and dicumyl
peroxide (DCP). The impact of used additives on reactive sintering efficiency and physico-mechanical
properties of modified GTR was investigated using oscillating disc rheometer measurements, followed
by tensile tests and swelling behavior studies. It was found that the application of bitumen and both
used peroxides (DCP/BIB) improves processing and reactive sintering efficiency better than untreated
GTR. However, the results indicate that BIB is more prone to blooming on the surface of modified
GTR, thus limiting (especially at higher content) its application as a modifier and promotor of GTR
reactive sintering.
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1. Introduction

The management and environmentally friendly recycling of waste rubbers has been a huge
challenge for industry and scientists since the vulcanization process was invented [1–7]. One of the
most problematic waste rubber to the environment is used tires, which constitute ~80% of total waste
rubbers generated each year. Tires are high-quality products which must meet all safety requirements
in order to be put into service. However, the outstanding properties of tires become problematic after
the end of their service life. The reason behind this is the chemical and physical structure of vulcanized
rubber, which does not decompose easily [8]. The cross-linked structure and the presence of unreacted
curatives, additives and plasticizers make the waste rubber a serious threat to the environment, leading
to the pollution of local surface and groundwater and fires [9], and their design is perfect for breeding
sites for mosquitoes spreading diseases [10].

Without meaningful and industrially applied recycling methods, end-of-life tires (ELTs) are still
commonly disposed of in landfills, which has been illegal in Europe since 2003 [11].

Among many existing recycling technologies of ELTs, energy recovery is still the most used
method, which utilizes waste tires as an alternative fuel in cement kilns and power plants [12]. Even
though this approach is extremely non-environmentally friendly, it is still acceptable to industries and
governments due to the lack of a better solution to the rising problem. Under those circumstances,
many attempts have been made to find an appropriate recycling method of ELTs.

Over the years, scientists have focused their efforts on reclaiming and modifying ground tire
rubber (GTR) in order to obtain new products with unique properties or to apply the GTR as a filler
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or modifier in different polymer composites [13,14]. One of the industrially applicable solutions is
the reactive sintering of GTR by applying high pressure and temperature [15]. The process can be
done without additives and with the use of curing systems or adhesive binders. However, it should
be noted that this method is limited to the production of low-cost products with simple shapes and
low-quality requirements. In order to improve reactive sintering efficiency and further application of
GTR, an interesting and promising approach seems to be modification or functionalization of GTR.

GTR reclaiming usually requires a high temperature, high shear forces and other specific conditions
necessary for the essence of the process, which is the scission of cross-linking bonds. The control of the
process parameters is essential to find a balance between selective scission of cross-linking bonds and
the unwanted degradation of main polymeric chains, which affect the final properties of the obtained
reclaimed rubber [16,17]. On the other hand, there are solutions to improve reclaiming efficiency, such
as the application of reclaiming agents facilitating the process [18,19]. It must be pointed out that some
of the commonly used agents are used as curing additives [20,21]. Following this logic, it is possible to
apply peroxides as a source of free radicals. Those would allow the formation of new bonds between
polymer chains, while perhaps simultaneously degrading the main polymeric chains.

Despite the application of a reclaiming agent, the processing of GTR may be still difficult. One of the
solutions to enhance GTR processability during reclaiming is the application of low-cost plasticizers, such
as heavy oils from pyrolysis of tires [22], disulfide oil [23] or bitumens [24]. The obtained results indicate
that the plasticization of GTR allows the selective scission of cross-linked bonds, which has a beneficial
influence on the mechano-chemical reclaiming efficiency as well as enhancing the processing of GTR.

However, to the best of our knowledge, there are no published data about the combined impact
of plasticizer and curing additive on the efficiency of reactive sintering of GTR. In this work, GTR
was mechano-chemically modified in the presence of bitumen and two types of organic peroxides.
The effect of the applied treatment procedure on the reactive sintering of treated GTR was evaluated
by curing characteristics and physico-mechanical properties.

2. Materials and Methods

2.1. Materials

GTR was kindly provided by Grupa Recykl S.A. (Śrem, Poland). The material was obtained by
grinding used tires in ambient atmosphere (mix of passenger car tires and truck tires). The particle
size distribution of the used GTR was determined by the sieve analysis. Seven sieves with different
mesh sizes were chosen: 1.5 mm, 1.0 mm, 0.8 mm, 0.5 mm, 0.355 mm and 0.212 mm. The initial mass
of the tested GTR was 100 g. The obtained results are presented in Figure 1. Road bitumen 100/150
with penetration at 25 ◦C: 100–150 (1/10 mm) and softening point: 39–47 ◦C was received from Lotos
Asfalt Sp. z o.o. (Gdańsk, Poland). BIB and DCP were obtained from the Pergan Peroxides Company
(Bocholt, Germany). The chemical structures and selected properties of used peroxides are presented
in Figures 2 and 3 and Table 1.
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Table 1. Characteristics of used organic peroxides.

Name Abbreviation Active Oxygen
(%) *

The Half-Life
Temperature (◦C) *

Di-(2-tert-butyl-peroxyisopropyl)-benzene BIB 8.98 169
Dicumyl peroxide DCP 5.80 162

* Datasheet from Pergan GmbH.

2.2. Sample Preparation

The compositions of the prepared samples is presented in Table 2. The samples were
mechano-chemically modified at ambient temperature, within 10 min, using two-roll mills model
14201/P2 from Buzuluk (Komárov, Czech Republic). During the process, GTR was modified with 10 phr
of bitumen as a reactive plasticizer as well as two types of organic peroxides, which are a source of free
radicals allowing the formation of new bonds between polymer chains, while simultaneously possibly
causing main chain degradation. The obtained samples were compression-molded into 2-mm thick
samples at 180 ◦C and 4.9 MPa according to the determined optimal cure time or (if not determined)
for 5 min. For a better understanding of the obtained data, the reference sample of the unmodified
GTR was prepared in the same conditions as the other samples.

Table 2. The compositions and codings of the studied samples.

Components
(phr)

Sample Code

GTR GTR/B a GTR/BBIB0.5
b GTR/BBIB2.0

b GTR/BDCP0.5
c GTR/BDCP2.0

c

GTR 100 100 100 100 100 100
Bitumen 100/150 - 10 10 10 10 10

BIB - - 0.5 2.0 - -
DCP - - - - 0.5 2.0

a B—10 phr of road bitumen 100/150; b BIBx—0.5 or 2.0 phr of BIB; c DCPx—0.5 or 2.0 phr of DCP.
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2.3. Measurements

The vulcanization process of the prepared samples was investigated using a Monsanto R100S
rheometer with an oscillating rotor (USA) in accordance with ISO 3417. In order to determinate the
cross-linking rate, the cure rate index (CRI) was calculated according to the Formula (1):

CRI =
100

t90 − t1
(1)

where t90—optimum vulcanization time (equal to 90% of maximal torque), min; t1—scorch time (time
equal to 1 dNm rise above minimal torque), min.

Determination of R300 parameter allowed to investigate the aging resistance of prepared samples
at raised up temperature. R300 is calculated from the time at which torque reaches the maximum value
(MH) and it describes the percentage of reversion degree after period of 300 s [25]. It was calculated
according to Formula (2):

R300 =
MH −M300s

MH
× 100% (2)

where MH—maximum torque, dNm; M300s—torque 300 s after maximum torque, dNm.
The tensile strength, elongation at break and modulus at 100% of elongation (M100) were estimated

in accordance with ISO 37. Tensile tests were carried out on the Zwick Z020 machine (Germany) at a
constant speed of 500 mm/min. Direct extension measurements were conducted periodically using an
extensometer with sensor arms. The reported results stem from at least five measurements for each
sample. Shore hardness type A was assessed using a Zwick 3130 durometer (Germany) according to
ISO 7619-1.

The density of the samples was measured based on the Archimedes method, as described in ISO
1183. Accordingly, all measurements were carried out at room temperature in methanol medium.

The swelling degree of sintered GTR samples (0.2 g) was estimated via a swelling test carried out
in toluene at room temperature. The swelling degree was calculated according to Equation (3):

Q =
mt −mo

mo
× 100% (3)

where Q—swelling degree, %; mt—mass of the sample swollen after time t, g; mo—initial mass of
sample, g.

Sol fraction was determined as the mass difference of sintered GTR before swelling (W1) and after
extraction (W2), according to Equation (4):

Sol fraction =
W1 −W2

W1
× 100% (4)

3. Result and Discussion

3.1. Curing Characteristics

The effect of the road bitumen 100/150 and two types of peroxides (DCP/BIB) on curing
characteristics of modified GTR samples is presented in Figure 4 and summarized in Table 3. According
to the presented data, the reference sample and GTR modified with bitumen 100/150 do not show
typical curing curves for the vulcanization process. This is due to the lack of any additional curing
systems inside the composition, however, the addition of road bitumen shifts the curve to the lower
torque values. This indicates that applied bitumen significantly influences processing properties,
which is a critical aspect of GTR recycling and the quality of the product [26]. The lack of a typical
curing curve is noticeable for GTR/BDCP0.5, even though, for the same amount of BIB in GR/BBIB0.5,
the vulcanization process occurs. This is due to the structure of applied peroxides (Figures 2 and 3).
BIB possesses the higher capability to creates free radicals (higher active oxygen content) causing
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the formulation of additional covalent bonds during reactive sintering, and the process itself can be
detected even at a low concentration of the peroxide.

J. Compos. Sci. 2019, 4, x 6 of 10 

 

 
Figure 4. Curing curves of the studied samples (curing at 180 °C). 

3.2. Physico-Mechanical Properties 

The physico-mechanical properties of the studied samples are summarized in Table 4. At first, 
it can be noticed that the application of road bitumen decreased the tensile strength (from 3.2 ± 0.1 to 
2.6 ± 0.1 MPa for GTR and GTR/B, respectively), increases elongation at break (from 176 ± 6 to 206 ± 
12% for GTR and GTR/B, respectively), decreased modulus at 100% of elongation (M100) (from 1.8 to 
1.3 MPa for GTR and GTR/B, respectively) as well as decreasing hardness (from 58 ± 1 to 49 ± 1Sh A 
for GTR and GTR/B, respectively). Those changes are caused by the fact that the bitumen used acts 
as a plasticizer. In our previous studies [29], it was highlighted that in GTR, unreacted accelerators 
or other curing additives are present. During processing, those components can migrate within a 
sample, which facilitates the sintering process of GTR, resulting in a higher quality of the obtained 
revulcanizates. However, bitumen may capture migrating components as well as encapsulate GTR 
particles, decreasing cross-linking capability. Thus, as the amount of obtained cross-links is lower for 
GTR/B than GTR, the tensile strength, modulus at 100% and hardness decreases and at the same time, 
elongation at break increases. 

The analysis of physico-mechanical properties of GTR modified with the addition of peroxides 
shows that the tensile strength of the obtained sample is similar regardless of the chemical modifier 
applied (3.1 ± 0.1, 3.8 ± 0.2, 3.0 ± 0.3 and 3.7 ± 0.1 MPa for GTR/BBIB0.5, GTR/BBIB2.0, GTR/BDCP0.5, and 
GTR/BDCP2.0, respectively). However, the type of peroxide has a significant influence on elongation at 
break values (170 ± 7, 103 ± 6, 206 ± 12 and 159 ± 15% for GTR/BBIB0.5, GTR/BBIB2.0, GTR/BDCP0.5, and 
GTR/BDCP2.0, respectively). As curing characteristics indicated, samples cured with BIB were 
characterized by a more cross-linked structure, nevertheless, this phenomenon is not always desired. 
Creating too many cross-links might simply deteriorate the mechanical properties of a sample. An 
overly cross-linked structure is also confirmed by M100 values, as well as hardness. GTR/BBIB2.0 shows 
a significantly higher M100 value than GTR/BDCP2.0 (3.6 and 2.4 MPa, respectively) and hardness value 
(65 ± 1 and 62 ± 1 ShA, respectively). For better visualization of the obtained results, strain–stress 
curves are presented in Figure 5. The density values do change significantly, only when the reference 
sample is compared to the rest of the test set (1.162 ± 0.01 to approx. 1.142–1.149 ± 0.01 g/cm3). This is 
caused by the presence of 10 phr of the bitumen. It is worth mentioning that even though the curing 
curves were not recorded for GTR, GTR/B and GTR/BDCP0.5 the properties of the samples are similar 
to those with curing curves (GTR and GTR/BBIB0.5) or even better (GTR/BDCP0.5 and GTR/BBIB0.5). This is 
due to the processing parameters. The sintering process of GTR is based on high temperature and 
high pressure. Those conditions are enough to initiate the reclaiming process, followed by 
revulcanization [30]. With that, it is possible to obtain a product with satisfactory parameters using 
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Table 3. Curing characteristics of modified GTR performed at 180 ◦C.

Properties
Sample Code

GTR GTR/B GTR/BBIB0.5 GTR/BBIB2.0 GTR/BDCP0.5 GTR/BDCP2.0

Minimal torque (dNm) - - 23.7 21.9 - 24.3
Maximal torque (dNm) - - 27.3 41.3 - 36.4

∆M (dNm) - - 3.6 19.4 - 12.1
Scorch time (t1, min) - - 3.0 1.2 - 1.2

Optimum cure time (t90, min) 5 5 4.9 5.3 5 3.5
Cure rate index (CRI, min−1) - - 52.9 24.0 - 42.2

Thermal aging resistance (R300, %) - - 1.5 0.6 - 1.6

It was observed that the increase of BIB caused a drop in minimal torque (ML) values (23.7 dNm to
21.9 dNm for GTR/BBIB0.5 and GTR/BBIB2.0, respectively). During the modification process, the peroxide
was added to the GTR. High shear forces acting on the mixing sample could result in the formulation
of free radicals, which enhance reclaiming and modification of GTR. A higher reclaiming degree results
in a higher amount of low molecular compounds and a more disintegrated polymeric network, which
translates into lower resistance (better processing) during the early stage of curing characteristics. Due
to this, the minimal torque value decreased.

The ML value for GTR/BDCP2.0 (24.3 dNm) is 2.4 dNm higher than GTR/BBIB2.0. As mentioned
previously, DCP has a lower capability to create free radicals than BIB, and as a result, the modification
process was less efficient. MH values correspond with stiffness and shear modulus of cross-linked
samples, while the torque increment (∆M) is correlated with their cross-link density [27]. It was
observed that with an increasing amount of BIB, the MH value increased (from 27.3 to 41.3 dNm, for
GTR/BBIB0.5 and GTR/BBIB2.0, respectively) which was caused by the higher amount of used peroxide.
The GTR/BDCP2.0 was characterized with an MH value lower than GTR/BBIB2.0 (36.4 and 41.3 dNm,
respectively) and ∆M (12.1 and 19.4 dNm, respectively), that only proves the lower efficiency of GTR
modification and further reactive sintering in the presence of DCP than BIB.

The GTR/BBIB0.5 and GTR/BBIB2.0 were characterized by scorch time (t1) (3.0 and 1.2 min,
respectively) and optimum curing time (t90) (4.9 and 5.3 min, respectively), the same as GTR/BDCP2.0

(t1—1.2 min and t90—3.5 min). Interestingly, regardless of the curing additive applied, the scorch
time (when 2.0 phr applied) was the same; however, due to the higher amount of active oxygen, the
vulcanization process ends later (t90) for GTR/BBIB2.0.
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All samples were also analyzed in terms of cure rate index (CRI) and thermal aging resistance
(R300). CRI shows how fast the studied sample was cured and the higher the value, the faster the process;
however, this does not translate to the quality of the product and the efficiency of the process. In this
case, CRI values for GTR/BBIB0.5 and GTR/BBIB2.0 were 52.9 and 24.0 min−1, respectively. The process is
shorter for GTR/BBIB0.5, only due to the small amount of curing agent, which resulted in the later start
of the process (t1). In fact, the processes end at similar times (t90) so the CRI values should always be
analyzed with a critical view. The CRI value for GTR/BDCP2.0 was 42.2 min−1 which is significantly
higher than for GTR/BBIB2.0. This is simply caused by the shorter vulcanization process influenced
by the lower amount of created free radicals by DCP than BIB during the process. R300 is the lowest
for GTR/BBIB2.0 (0.6%), while for GTR/BBIB0.5 and GTR/BDCP2.0, the values are similar (1.5% and 1.6%,
respectively). It is well known [28] that polymers with a higher cross-linked structure offer a higher
thermal stability as it is harder to reduce the molecular weight due to the higher amount of bonds to
break. While 2.0 phr BIB shows the best results in cross-linking than any of the studied samples (∆M
and swelling degree—chapter 3.2), the R300 parameter has the best value for GTR/BBIB2.0.

3.2. Physico-Mechanical Properties

The physico-mechanical properties of the studied samples are summarized in Table 4. At first,
it can be noticed that the application of road bitumen decreased the tensile strength (from 3.2 ± 0.1
to 2.6 ± 0.1 MPa for GTR and GTR/B, respectively), increases elongation at break (from 176 ± 6 to
206 ± 12% for GTR and GTR/B, respectively), decreased modulus at 100% of elongation (M100) (from
1.8 to 1.3 MPa for GTR and GTR/B, respectively) as well as decreasing hardness (from 58 ± 1 to 49 ± 1Sh
A for GTR and GTR/B, respectively). Those changes are caused by the fact that the bitumen used acts
as a plasticizer. In our previous studies [29], it was highlighted that in GTR, unreacted accelerators
or other curing additives are present. During processing, those components can migrate within a
sample, which facilitates the sintering process of GTR, resulting in a higher quality of the obtained
revulcanizates. However, bitumen may capture migrating components as well as encapsulate GTR
particles, decreasing cross-linking capability. Thus, as the amount of obtained cross-links is lower for
GTR/B than GTR, the tensile strength, modulus at 100% and hardness decreases and at the same time,
elongation at break increases.

Table 4. Physico-mechanical properties of modified GTR sintered at 180 ◦C.

Properties
Sample Code

GTR GTR/B GTR/BBIB0.5 GTR/BBIB2.0 GTR/BDCP0.5 GTR/BDCP2.0

Tensile strength (MPa) 3.2 ± 0.1 2.6 ± 0.1 3.1 ± 0.1 3.8 ± 0.2 3.0 ± 0.2 3.7 ± 0.1
Elongation at break (%) 176 ± 6 206 ± 12 170 ± 7 103 ± 6 206 ± 12 159 ± 15

M100 (MPa) 1.8 1.3 1.5 3.6 1.4 2.4
Hardness (Sh A) 58 ± 1 49 ± 1 55 ± 1 65 ± 1 57 ± 1 62 ± 1

Density at 25 ◦C (g/cm3) 1.162 ± 0.010 1.142 ± 0.011 1.149 ± 0.012 1.18 ± 0.011 1.144 ± 0.010 1.149 ± 0.013
Swelling degree (%) 158 ± 5 175 ± 4 143 ± 4 107 ± 4 159 ± 3 130 ± 2

Sol fraction (%) 9 ± 1 17 ± 2 16 ± 1 14 ± 1 17 ± 1 15 ± 1

The analysis of physico-mechanical properties of GTR modified with the addition of peroxides
shows that the tensile strength of the obtained sample is similar regardless of the chemical modifier
applied (3.1 ± 0.1, 3.8 ± 0.2, 3.0 ± 0.3 and 3.7 ± 0.1 MPa for GTR/BBIB0.5, GTR/BBIB2.0, GTR/BDCP0.5, and
GTR/BDCP2.0, respectively). However, the type of peroxide has a significant influence on elongation
at break values (170 ± 7, 103 ± 6, 206 ± 12 and 159 ± 15% for GTR/BBIB0.5, GTR/BBIB2.0, GTR/BDCP0.5,
and GTR/BDCP2.0, respectively). As curing characteristics indicated, samples cured with BIB were
characterized by a more cross-linked structure, nevertheless, this phenomenon is not always desired.
Creating too many cross-links might simply deteriorate the mechanical properties of a sample. An overly
cross-linked structure is also confirmed by M100 values, as well as hardness. GTR/BBIB2.0 shows a
significantly higher M100 value than GTR/BDCP2.0 (3.6 and 2.4 MPa, respectively) and hardness value
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(65± 1 and 62± 1 ShA, respectively). For better visualization of the obtained results, strain–stress curves
are presented in Figure 5. The density values do change significantly, only when the reference sample is
compared to the rest of the test set (1.162 ± 0.01 to approx. 1.142–1.149 ± 0.01 g/cm3). This is caused by
the presence of 10 phr of the bitumen. It is worth mentioning that even though the curing curves were
not recorded for GTR, GTR/B and GTR/BDCP0.5 the properties of the samples are similar to those with
curing curves (GTR and GTR/BBIB0.5) or even better (GTR/BDCP0.5 and GTR/BBIB0.5). This is due to the
processing parameters. The sintering process of GTR is based on high temperature and high pressure.
Those conditions are enough to initiate the reclaiming process, followed by revulcanization [30]. With
that, it is possible to obtain a product with satisfactory parameters using no or a low amount of curing
additives. However, the revulcanization process without any curatives may be at such a low level that
it is not recorded by the rheometer.
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In order to better understand the changes occurring inside the studied samples during reclaiming
and reactive sintering processes, four chosen physico-mechanical properties were compared with
the swelling degree and presented in Figure 6. The degree of swelling allows the estimation of the
structural changes of sintered GTR caused by curing reactions. The simple comparison of swelling
degree with other properties allows an easier understanding of factors affecting the obtained results.
Figure 6A presents the relationship between swelling degree and tensile strength of the studied samples.
The lower the swelling degree values, the higher the tensile strength values. Tensile strength is strictly
connected with the amount of obtained cross-links during the curing process (more cross-links result in
higher tensile strength) [31]. On the other hand, with more cross-links, it is more difficult to penetrate
the structure of the sintered GTR with solvent, resulting in a lower swelling degree. In the case
of elongation at break (Figure 6B), values rise with the increasing swelling degree. The strain of
tested materials is connected with the type of matrix, the applied reinforcement and the possibility
of polymer chains rotating and moving, which is partially dependent on the number of cross-links.
Hardness, as well as tensile strength, are higher when the swelling degree decreases (Figure 6C), and it
is also connected with the increase of the cross-linking degree. The sol fraction represents the loose
macromolecules in the sample [32]. In the case of GTR, the sol fraction depends on the reclaiming
degree, the number of unreacted additives and plasticizers. As can be noticed, the sol fraction of GTR
(9 ± 1%) is visibly lower than the rest of the tested samples (17 ± 2, 16 ± 1, 14 ± 1, 17 ± 1 and 15 ± 1%
for GTR/B, GTR/BBIB0.5, GTR/BBIB2.0, GTR/BDCP0.5 and GTR/BDCP2.0, respectively), which was caused
by the presence of bitumen plasticizer extracted by the solvent during the measurement. In Figure 6D,
the dependence of the swelling degree on the sol fraction is presented. Excluding the reference sample,
the sol fraction is similar for every sample and the influence of peroxides on reclaiming degree and
consequently, further sintering of GTR is interrupted by the presence of bitumen.
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During the studies, in the case of GTR treated with 2.0 BIB, it can be noticed that 24 h after the
revulcanization process, the blooming occurred, leaving yellowish powder on the surface. The FTIR
analysis showed that the bloomed compound is BIB or BIB derivative (FTIR analysis not included in
the article). The quality of the surfaces in terms of the type and amount of peroxides is presented
in Figure 7. It must be highlighted that the application of any modifier, which results in blooming,
must be studied further in order to find a proper replacement for the component or to establish new
composition, preventing from blooming. The presence of easily removable powder on the surface
comes with environmental risk (uncontrolled release to the environment) and may influence the health
of workers dealing with that kind of material.
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4. Conclusions

In this study, GTR was reclaimed at low temperatures by applying mechano-chemical
treatment via milling in the presence of road bitumen 100/150 and two types of peroxides:
(i) di-(2-tert-butyl-peroxyisopropyl)-benzene and (ii) dicumyl peroxide. The influence of the amount
and type of peroxides on the curing characteristics and physico-mechanical properties was evaluated.
The results indicate that the application of bitumen as a plasticizer significantly improves the processing
of GTR, which is one of the critical parameters for GTR recycling. Decreasing the amount of energy put
into the process (lower forces on the motor due to the presence of bitumen) may result in a significant
decrease in the processing cost. The type and amount of added peroxides have a notable influence
on curing characteristics, as well as physico-mechanical properties; however, it is possible to obtain
a product with satisfactory properties even though the curing curve was not recorded (GTR and
GTR/BDCP0.5). It was found out that the structure of peroxides plays an important role in cross-link
creation, which is reflected in the physico-mechanical properties. As BIB poses a higher amount of
active oxygen, creating more cross-links, the GTR modified with the peroxide was characterized by a
similar tensile strength, lower elongation at break, higher modulus at 100%, a similar hardness, a lower
swelling degree and slightly lower sol fraction compared to samples cured with DCP. Moreover, it was
noticed that in sample GTR/BBIB2.0, surface blooming occurred. The aforementioned characteristics of
the obtained revulcanized GTR samples indicate that dicumyl peroxide is a better curative in terms of
physico-mechanical properties as well as health and environmental issues (blooming).
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