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ABSTRACT
The present study entails investigating the fractional devolatilisation effect on the 
passenger car tyre (PCT) and truck tyre (TT). Thermograms and their first deriva-
tives are used to profile devolatilisation of the PCT and TT rubbery fractions. Both 
tyre types rubbery fractions consist of mainly natural rubber (polyisoprene, NR) 
and synthetic rubber (polybutadiene, BR and styrene-butadiene, SBR). The NR is 
relatively significant compared to the BR and SBR in the TT. In the PCT, the rubbery 
fraction showed equal distributions between the NR and BR-SBR. Unlike conven-
tional waste resources pyrolysis processes where the aim is towards energy re-
covery, novel pyrolysis is designed based on the characteristics of the materials in 
order to promote the production of the valuable products in addition to the energy 
recovery. Therefore, kinetic mechanisms pathways of the rubbery fraction devol-
atilisation from waste tyre pyrolysis are studied and models are developed. Mod-
el-free methods, such as Friedman and Kissinger are used to model the kinetics 
parameters.

1. INTRODUCTION
Solid waste management has become a global chal-

lenge mainly due to improper handling and processing of 
the end-of-life non-biodegradable materials. It is a com-
mon practice to directly dispose of the used materials in 
the landfills without consideration of the potential value 
of these materials since they consist of high amounts of 
carbon and hydrogen. This is mainly due to the lack of 
stringent environmental regulations and misunderstanding 
of the economic benefits from the recycling of these ma-
terials (Martínez et al., 2013). Both regulations and misin-
formation are one of the main reasons for the high rate of 
waste residues piles accumulation in the landfills. It is es-
timated that 1.5 billion new tyres are sold worldwide each 
year, while an estimated 4 billion waste tyres are currently 
reported to be in landfills and stockpiles. Therefore, if unat-
tended to, the disposal of waste tyres will not only become 
an increasing environmental problem, but also a social 
and economic issue. It is therefore surprising, that there is 
the continuous dumping of waste tyres in landfills, which 
promotes stockpiling. This may result in the creation of 
breeding grounds for the pests and insects unless there is 
a substantial investigation of the valorisation of the waste 
materials, with the thermochemical conversion being one 
of them.

Among thermochemical processes for waste tyre con-

version (Barlaz et al., 1993; Giugliano et al., 1999; Sien-
kiewicz et al., 2012), pyrolysis is one of the most promising 
process, since it results in products that have a variety of 
industrial and domestic applications (Quek & Balasubra-
manian, 2013; Williams, 2013). Pyrolysis is defined as the 
thermal treatment of waste tyres under inert conditions to 
yield pyro-gas, tyre derived oil (TDO) and pyro-char (Anto-
niou & Zabaniotou, 2013; Mui et al., 2004). The pyro-gas 
can be used as fuel for the endothermic pyrolysis process 
(Williams, 2013) or various other applications, e.g. when 
further processed to recover valuable chemicals, such 
as butadiene or isoprene. TDO’s significantly high hydro-
gen and carbon element content and high concentration 
of valuable chemicals, e.g., DL-limonene, terpinolene and 
p-cymene characterise it as a potential alternative for liq-
uid fuel, or as a feedstock for the production of valuable 
chemicals (Banar et al., 2012; Quek & Balasubramanian, 
2013). The pyro-char mainly contains carbon and can be 
upgraded into the carbon black or activated carbon (Zaba-
niotou et al., 2004). However, to achieve these beneficial 
applications for the waste tyre pyrolysis products, intensive 
processing to improve products, such as product refining, 
upgrading, and purification, is required.

Therefore, prior characterisation of the pyrolysis feed-
stocks is critical since it can reduce or eliminate the pro-
cessing requirements of the pyrolysis products. Materials 
characterisation is important in the design or modification 
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of the pyrolysis process to target high yield and selectivi-
ty of certain chemicals or materials. Most significant tyre 
fraction which is the main source of volatile matter mainly 
consists of rubbers, such as natural rubber (polyisoprene, 
NR), butadiene rubber (BR) and styrene-butadiene rubber 
(SBR) (Williams, 2013). Moreover, the tyre consists of 
processing additives (fillers, vulcanisation accelerators, 
inhibitors, etc.), added during tyre compounding (Quek & 
Balasubramanian, 2013). It is, therefore, anticipated that 
kinetic mechanism study models of the pyrolysis of tyres 
are impossible. This has led to limited literature data on the 
rubber components characterisation of the waste tyres. 
Even worse, different rubbery components from different 
types of waste tyres have not been sufficiently investigat-
ed. Various materials characterisation investigations have 
been conducted using thermogravimetric analysis (TGA) 
in order to better understand the pyrolysis of a waste tyre 
(Kim et al., 1995; Conesa et al., 1997; Leung & Wang, 1999; 
Mui et al., 2004; Aylón et al., 2005; Mui et al., 2008; Lopez 
et al., 2009; Cheung et al., 2011; Quek & Balasubramanian, 
2012; Lah et al., 2013; Williams, 2013).

To facilitate the investigation of the tyre rubbery com-
ponents characterisation, waste tyre devolatilisation needs 
to be understood (Chen et al., 2001; Friedman, 1964; 
Kissinger, 1957; Senneca et al., 1999). Kinetics mechanism 
parameters, such as activation energies (Ea) and pre-ex-
ponential rate constants (k0) in relation to the pyrolysis 
temperature and heating rate have been reported (Seidelt 
& Bockhorn, 2006; Lam et al., 2010; Cheung et al., 2011; 
Danon et al., 2015). From these studies, a trend illustrat-
ing that waste tyre devolatilisation kinetics mainly entails 
various parallel and serial devolatilisation reaction path-
ways, such as devolatilisation of the tyre processing oils 
followed by devolatilisation of the natural rubber and fi-
nally synthetic rubbers (SBR and BR). Additionally, waste 
tyre pyrolysis has been kinetically presented according to 
products volatilisation, such as gaseous products, variety 
of TDO sub-fractions (aromatics, aliphatics, polyaromatic 
hydrocarbons and heteroatom compounds) and char (Ola-
zar et al., 2005).

A multi-stage pyrolysis process with 1) pyrolysis of tyre 
additives, 2) pyrolysis of polymerised rubbers and 3) py-
rolysis of the cross-linked and/or cyclised rubbers (Lam et 
al., 2010) has been proposed. This study was supported by 
Cheung et al. (2011) with the following pyrolysis stages: 
1) pyrolysis of the volatiles, 2) main chain scission (depo-
lymerisation) to intermediates, 3) further depolymerisation 
of the intermediates (pyrolysis of cross-linked rubbers), 
and 4) cracking of the intermediates to shorter-chain com-
pounds (degradation) (Cheung et al., 2011). Other authors, 
Danon et al. (2015), defined tyre rubbers devolatilisation 
kinetics as a three-stage process: 1) devolatilisation of ad-
ditives, 2) crosslinking and depolymerisation of the rubbers 
into intermediates and volatiles, respectively, and 3) final-
ly degradation of the intermediates to volatiles (Danon et 
al., 2015). Although there seem to be agreements on the 
observations, however, limited data have been reported on 
the comparison between the tyre types.

The present work focuses on the kinetic mechanism 
of two types of waste tyre (truck tyre and passenger car 

tyre) pyrolysis based on the rubbery fractions devolatili-
sation. The truck tyre compounding process is different 
from the passenger car tyre compounding process. Since 
there is a substantial difference in the tyre compounding 
process mainly of the rubbery component, characterisa-
tion by tracking of the devolatilisation profile of the rubbery 
fraction of each tyre will reveal this hypothesis. Kinetic 
mechanism parameters are not merely evaluated for the 
devolatilisation of the truck tyre rubbery fraction, through 
the application of thermogravimetric analysis (TGA), but 
the rubbery fractions are distinctively tracked to evaluate 
their kinetic mechanism parameters. Moreover, the precise 
graphical illustration of each rubber component fractions 
intensifies different stepwise devolatilisation for different 
types of waste tyres. The heating rate is varied between 10 
and 50°C/min.

2. THEORETICAL BACKGROUND
Kinetic analysis requires tracking of the devolatilisation 

thermograms of rubbery fractions from waste truck tyres 
and passenger car tyres. The proposed model is based on 
the devolatilisation of the NR, BR and SBR. The conversion 
rate of each rubber fraction is given by the mass fraction 
devolatilisation equation, Eq. (1).

(1)

where: α is a mass fraction, t is time, k(T) is reaction rate 
constant at temperature, T (K), and f(α) is the reaction 
model.

The time, t, and heating rate, β, can be related by Eq. (2).

(2)

where: β is the heating rate, and T is the absolute tempera-
ture.

The reaction rate constant, k, can be presented by Eq. 
(3).

(3)

where: k is the reaction rate constant, k0 is a pre-reaction 
rate constant, Ea is the activation energy, and R is the uni-
versal gas constant.

 Therefore, by substituting Eq. (2) and Eq. (3) in Eq. (1):

(4)

2.1 Determination of kinetic parameters
Kinetic parameters (Ea and k0) are determined using 

various techniques classified according to i) pyrolysis 
conditions, i.e., isothermal or non-isothermal, or ii) mathe-
matical analysis of the experimental results, i.e., linear or 
nonlinear. In the current study, non-isothermal pyrolysis 
conditions were used since the experiments were carried 
out at various heating rates (10, 20, 30, 40 and 50°C/min). 
The linear mathematical analysis methods for experimen-
tal results analysis were selected due to their conventio-
nal application in the analysis of thermal devolatilisation 
of the solids. These methods allow the determination of 
a linear relationship between the kinetic parameters using 

1

T
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mass loss data generated at various devolatilisation rates. 
Linear regression methods using experimental results are 
applied to determine coefficients of the linear relation. 
Typical non-isothermal and linear methods were conside-
red in the present study, in particular, the iso-conversional 
methods of Friedman (differential approach) and Kissinger 
(integration approach) (Friedman, 1964; Kissinger, 1957). 
The mathematical methods were used in the analysis of 
the experimental results.

2.2 Friedman method
Taking a natural logarithm of Eq. (4), the linear rela-

tionship is employed in the equation and resulted in Eq. (5).

 (5)

Plotting             versus    at given reaction progress, 
α, for various heating rates yields a straight line with 
slope    x. Activation energy can be obtained from this 
slope without knowing the reaction function f(α). The pre-
exponential reaction rate constant, k0, is the y-intercept of 
a straight line. Friedman method is one of the model-free 
iso-conversional method (Friedman, 1964).

2.3 Kissinger method
The Kissinger method is based on the determination 

of the temperature at the maximum devolatilisation rate 
of the rubber fractions (NR, BR or SBR), at various heating 
rates (Kissinger, 1957). In the Kissinger method, Eq. 4 is 
modified to Eq. (6).

 (6)

A plot of                  versus         at various heating rates 
yields a straight line that allows for the determination of 
the activation energy, Ea, from the gradient of the straight 
line,      . The y-intercept can be used to estimate the pre-
exponential reaction rate factor. Similar to the Friedman 
method, Kissinger method is another example of a model-
free iso-conversional method.

3. EQUIPMENT AND METHOD
TT and PCT crumbs (steel- and fabric-free) samples 

with the particle size range of 0.6 to 0.8 mm were obtained 
from the local waste tyre recycler. A slightly adjusted ver-
sion of ASTM E1131-08 (with X = 275°C) was used to de-
termine proximate analysis. Additionally, the rubber com-
position of the crumb was determined using a procedure 
described by (Danon & Gorgens, 2015). The results of the 
proximate and elemental analysis are shown in Table 1.

The proximate analysing was done using the TGA 
which was carried out on both tyre types TT and PCT. To 
determine the mass loss as temperature increases, the 
maximum temperature was set to 800°C, nitrogen (N2) and 
oxygen (O2) were used as a carrier gas to trace devolatili-
sation profile and to determine ash content, respectively. A 
TA 60WS model TGA (Shimadzu™, Kyoto, Japan) was used 
for all the experiments. The calculations were done using 
the Standard Test Method for Compositional Analysis by 
Thermogravimetry, designation: ASTM E 1131-08, (2008). 

All the experiments were conducted in duplicates to ensure 
the repeatability of the results.

4. RESULTS AND DISCUSSION
4.1 Thermogravimetric analysis

Shown in Figure 1 is the solid residual for truck tyre 
and passenger car tyre. The reported char values are the 
average estimated from all the heating rates (10 to 50°C/
min). From the thermogravimetry (TG) profiles in Figure 1 
it can be observed that, regardless of the heating rate, the 
profiles converge at the same value of solid residual at the 
end of the pyrolysis TG. This indicates that the heating rate 
effect on the mass and energy transfer is relatively insigni-
ficant and can be ignored in the analysis of the present stu-
dy. Moreover, the observed char residuals, 36.2 wt. % for TT 
and similarly, the PCT at 36.2 wt. % (Table 2), is comparable 
to the previously reported work (Mkhize et al., 2016). This 
is not surprising since the fixed carbon mainly in the form 
of the carbon black added to the tyre compounding is li-
kely to be the same for both the TT and the PCT. Therefore, 
the next step is the characterisation of the volatile matter, 
mainly rubber fraction of the two tyre types.

TT and PCT first derivative thermogravimetric (DTG) 
and reaction progress profiles on the pyrolysis temperatu-
re basis at various heating are illustrated in Figure 2. The 
shape of the curves of the TT is significantly different from 
that of the PCT. The observed distinction between the de-
volatilisation profiles for the two tyre types is critical, con-
sidering that the compounding process between the two 
tyre types is relatively different. Therefore, in order to relate 
the tyre compounding process, devolatilisation profile pe-
aks from the two tyre types are analysed. Two distinctive 
peaks are observed in the PCT, mainly at higher heating ra-
tes, whereas, in the TT profile only one peak was observed 
and became firmly one peak at higher heating rates. This 
can, therefore, be attributed to the fraction composition dif-
ference of the rubber fractions from each tyre type. From 
previous investigations, it has been reported that TT rubber 
fraction mainly consists of natural rubber, while in the PCT, 
the rubber fraction is equally distributed between the NR 
and synthetic rubber (butadiene, BR, or styrene-butadiene, 
SBR). The equal distribution between the two rubber types 
in the PCT is supported by the identical peaks shown in 
Figure 2, particularly at a heating rate of 50°C/min. In the 
wake of new interests in the production of valuable pro-
ducts in addition to the energy recovery, the design of the 
pyrolysis system is depended on the characteristics of the 
feedstock. For example, the two distinguishable peaks, in-
dicating maximum devolatilisation rate within a wide range 
of temperature (around 100°C different), is an indication 
of the potential of step-wise temperature devolatilisation 
of rubber fractions. As for the TT, the shape of the curves 
at a lower heating rate show two peaks, i.e. the main de-
volatilisation peak at low temperature and a small peak 
(shoulder) at the high temperature. The shoulder (relative 
small additional peak compared to the main large peak) 
on the high-temperature side of the peak disappears as 
the heating rate increases. In the earlier studies (Danon et 
al., 2015), this has been attributed to the elimination of the 

 



S.A. Iwarere, N.M. Mkhize / DETRITUS / Volume 09 - 2020 / pages 165-173168

secondary reactions (primary products cracking) at higher 
heating rates, while promoting devolatilisation of the rub-
bers. Moreover, as observed in the previous studies, the 
effect of the heating rate on the devolatilisation peak tem-
perature is characterised by an increase in the temperature 
associated with the maximum devolatilisation rate (in both 
the TT and PCT) as the heating rate increases.

4.2 Reaction Progress
The reaction progress of both the TT and PCT is illu-

strated in Figure 2. The reaction progress profile of the TT 
matches that of the PCT. However, at a refined view, the 
gradient of the profile is steeper for the TT as compared 
to the PCT. The low rate of the devolatilisation of the PCT 
(i.e., less steep gradient in the PCT is attributed to the two 
peaks as observed from the derivative thermogravimetric 
profiles. This also indicates not only the delay in the devo-
latilisation of the PCT compared to the TT but sufficient 
time for fractional devolatilisation of the rubber fractions. 
In order to show a better illustration of the fractional devo-
latilisation, the plots of the different tyre types activation 
energy, Ea as a function of time are critically analysed.

4.3 Friedman method
Figure 3 illustrates the estimated values of the TT and 

PCT linear plots, apparent activation energy, Ea, and pre-
exponential factor k0, as a function of reaction conversion 
with the differential-based, iso-conversional Friedman me-
thod. The linear plots of the TT have an identical gradient 
(from a plot of              versus   ) as illustrated in Eq. 5. In 
other words, the activation energy (Ea) is independent of 
the reaction progress, therefore, a constant Ea with the pro-
gress of devolatilisation.

The linear plots for PCT differ from that of the TT in 

that there are two sets of the linear plots, i.e., the first set 
from reaction progress of 0.1 to 0.5 and the second set 
from reaction progress of 0.5 to 0.9. Each of these sets has 
a maximum peak at different reaction progress, i.e., maxi-
mum Ea at reaction progress of 0.4 and 0.8, respectively. Al-
ternatively, the peak dependence on the reaction progress 
is expressed in Ea and/or k0.

The TT activation energy (Ea) as a function of the reac-
tion progress has a form of the peak with the maximum 
value at a reaction progress 0.7. For the rest of the reaction 
progress, the Ea remained relatively constant at approxima-
tely 166.3 kJ/mole. The Ea for PCT was estimated at 177.4 
kJ/mole, slightly higher than that of the TT. The higher Ea 
for PCT compared to TT reflects a slight difference in the 
polymer composition. This can be attributed to the signifi-
cant amount of NR in the PCT compared to the TT content 
of the BR and SBR. Therefore, the minimum energy requi-
red to devolatilise each NR, BR or SBR fraction differs. Such 
difference in the Ea may suggest and be supportive of the 

FIGURE 1: Percent devolatilisation of the various waste tyres showing residual char.

Proximate analysis (wt. %)

Tyre type Moisture Oils Volatile 
matter

Fixed 
carbon Ash

TT 0.6 5.6 56.0 30.0 7.8

PCT 0.6 5.4 55.9 29.9 8.2

Elemental analysis (wt. %)

Tyre type Carbon Hydrogen Sulphur Nitrogen & Oxygenα

TT 81.1 7.4 1.9 9.7

PCT 79.3 7.5 1.2 12.0

α By difference

TABLE 1: Proximate and elemental analysis of truck tyre and pas-
senger car tyre.

Parameter TT PCT PCT

PCT peak 1 PCT peak 2

Residue char (wt. %) 36.2 36.2

Ea (kJ.kmol-1)
Friedman 166.3 177.4 131.7 139.4

Kissinger 128.5 177.7 136.1 165.0

k0 (s
-1)

Friedman 1.97 x 1012 1.04 x 1013 4.01 x 108 4.92 x 107

Kissinger 4.20 x 108 8.91 x 1010 1.48 x 109 1.22 x 1010

TABLE 2: Kinetic parameters estimated using iso-conversional methods for PCT and TT.

ln
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proposal of stepwise pyrolysis or selective devolatilisation 
of the rubbery components of the tyres. Typical ratios of 
NR to synthetic rubber (SBR and BR) are 2:1 and 4:3 for TT 
and PCT, respectively (Mui et al., 2004). Lopez et al. (2009) 
reported that the composition of a waste tyre was 60 wt. % 
rubber, of which NR and SBR were 29.95 and 29.95 wt. %, 
respectively (Lopez et al., 2009). Waste tyre crumb used in 
their investigation was steel and fabric free PCT. However, 
the rubber ratio was not reported. Another study conducted 
by the same group used TT waste tyre consisting of 58.89 
wt. % NR representing the entire rubber content of the wa-
ste tyre (Lopez et al., 2009). The rubber composition of the 
waste tyre reported by Danon and Görgens (2015) was 64 
wt. % NR and 36 wt. % synthetic rubber (SBR and BR) (Da-
non & Gorgens, 2015).

Finally, the pre-exponential factor, k0 is reported in Fi-
gure 3. A similar trend as in the Ea on both the TT and PCT 
tyre types are observed with the k0. The average k0 for the 
TT was estimated at 1.97 x 1012, while for PCT it was esti-
mated at 4.20 x 108. If the definition of the frequency of 
molecules collision is adopted, it means that for the TT, the 
frequency of the molecules is significantly higher than the 
frequency of the PCT. Also, to be noted is the peaks at cer-
tain reaction progress, i.e., at 0.7 for TT and 0.4 and 0.8 for 
PCT, were observed. This is an indication that the kinetic 
parameters suggest that TT devolatilisation is one step, 
while PCT volatilization is a two-step process.

4.4 Kissinger method
The Kissinger method as an iso-conversional method 

provides an alternative to Friedman method. It is based on 
an integration approach and can be used to estimate Ea 
for both TT and PCT devolatilisation. The Kissinger plots 
for TT and PCT are shown in Figure 4. Using the Kissing-
er method plots, the Ea for TT was estimated at 128.5 kJ/
mole while for PCT was at 177.7 kJ/mole. A significant dif-
ference between the Ea from the Friedman method and the 
Kissinger method has been observed in the TT at around 
38 kJ/mole, whereas for PCT the difference was insignifi-
cant (around 0 kJ/mole). This was expected since the TT 
peak has the shoulder which disappears as the heating 
rate is increased, i.e., the shoulder is absorbed to the main 
peak which affects the estimation of the Ea. In the PCT pro-
file, the two distinguishable peaks from the devolatilisation 
allowed separation of the different tyre rubber fractions as 
well as estimation of the Ea. This is also due to the fact that 
the two peaks from the PCT are almost identical and well 
separated.

An overlay of the TT and PCT derivative thermogravi-
metric profiles is illustrated in Figure 5. Since identical 
rubber components are likely to behave similarly under 
thermal devolatilisation regardless of the tyre type of ori-
gin, this constitutes an acceptable standard to associates 
kinetic parameters Ea and k0 with the propose rubber com-
ponent from the different tyre types. The PCT first peak cor-
responds to the TT main peak, while the second PCT peak 
corresponds to the shoulder of the TT main peak. As the 
heating rate is increased, both the TT main peak and PCT 
first peak’s maximum devolatilisation temperature increas-
es. Complete disappearance of the TT shoulder allows a 

FIGURE 2: Profiles of the derivative thermogravimetric (DTG) and reaction progress of the waste truck tyre.
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better illustration of the second peak from the PCT. Overall, 
the intensity of the TT peaks (except the shoulder) is higher 
than that of the PCT peaks. This can be attributed to the 

difference in the volatility of the rubber fractions of these 

types of tyres.

FIGURE 3: Iso-conversional Friedman method linear plots, activation energy, Ea, and pre-exponential reaction constant.

FIGURE 4: Iso-conversional Kissinger method plot for truck tyre and passenger car tyre at various reaction progress.
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4.5 Fractional devolatilisation of the PCT
An overlook of the potential of fractional devolatilisa-

tion of the PCT rubber is interesting since relatively two 
distinctive peaks were observed. Figure 6 shows the PCT 
fractional derivative thermograms and iso-conversional 
Friedman method analytical plots. It should be noted that 
in the ideal state, the two peaks have some effect on each 
other. However, for concept illustration purposes, the in-
teraction effects of the peaks may be relatively less when 
compared to the potential benefits, such as product selec-
tive devolatilisation of heterogeneous materials.

The two distinctive peaks for PCT devolatilisation can 
easily be illustrated as two different plots. This implies that 
the two peaks can be model separately as was shown and 
illustrated by Danon and Görgens (2015). A significant im-
provement in the Ea as a function of α plots was observed 
when the PCT peaks were separately analysed or modelled, 
see Figures 3 and 6. The Ea versus α plots are better and 
consistent, each with a single peak shaped distribution. 
The average Ea was estimated at 131.7 kJ/mole on the 
peak 1 while the second peak 2 was estimated at 139 kJ/
mole. The Ea for peak 2 is higher than that of peak 1 by 7.7 
kJ/mole indicating a potential for the step-wise pyrolysis 
of the PCT. This can also be used as a basis for fractional 
recovery of the valuable products from waste tyre valorisa-
tion, most particularly as an indication that slightly more 
energy is required to devolatilize BR/SBR fraction. The pa-
rameter k0 was at 4.01 x 108 and 4.92 x 107 for peak 1 and 
peak 2, respectively.

A similar trend on both the Ea and the k0 was observed 
with the Kissinger method. The Ea for peak 1 and peak 2 
were 136.1 and 165.0 kJ/mole, respectively. The differ-
ence between the Ea of peak 1 and that of peak 2 using the 
Kissinger method is substantial at 28.9 kJ/mole compared 
to the one from Friedman method. This may be a good 
support for the fractional pyrolysis of the PCT. However, 
the difference between the Ea from Friedman method and 
Kissinger method is quite significant at 25.5 kJ/mole. The 
k0 is also comparable with the Friedman method generated 
value, i.e., for peak 1, k0 of 4.01 x 108 and 1.48 x 109 were 
obtained from Friedman method and Kissinger method, 

respectively. Figure 6 shows the Kissinger method iso-con-
versional method for peaks 1 and 2 Ea estimation. The pa-
rameters for both the TT and PCT are illustrated in Table 2.

5. CONCLUSIONS
The increase in the heating rate up to 50°C/min in-

creased the peak temperature of both the TT and PCT max-
imum devolatilisation temperature. The TT devolatilisation 
is characterised by one main fraction of the tyre rubber, 
which when the devolatilisation heating rate is increased, 
the peak shoulder disappears. The main peak from the 
TT profile was attributed to the natural rubber, the main 
rubbery fraction of the TT. Two distinctive peaks were ob-
served in the devolatilisation of the PCT, peak 1 was sought 
to be the natural rubber (or polyisoprene), whereas peak 
2 was associated with synthetic rubber (i.e., BR and SBR). 
The observation may suggest that there is a high potential 
for stepwise pyrolysis of the fractions from the tyre rub-
ber, particularly PCT. The step-wise pyrolysis of the PCT is 
more favourable at a higher heating rate since the separa-
tion between two distinctive peaks is significant. Selective 
pyrolysis of the tyre rubbers may be beneficial to the recov-
ery of the valuable chemicals from the waste tyre or other 
rubbery materials. The difference in the kinetic parameters 
of the components of the waste tyre rubbery fraction sub-
stantiates the difference in the reaction pathways. There-
fore, waste tyre pyrolysis reactor design proposal should 
consider the distinctive behaviour of various rubbery frac-
tion in the tyres during thermochemical devolatilisation of 
waste tyres. Moreover, since various rubber components 
devolatilisation was observed, the mirror various products 
can be observed and targeted for recovery.
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FIGURE 5: Overlay profiles of the derivative thermogravimetric (DTG) waste truck tyre and passenger car tyre.
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FIGURE 6: Fractional derivative thermograms and Iso-conversional Friedman analysis plots for the PCT.
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