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The escalating global population, coupled with
increased transportation needs and car production, has led to a surge in waste tire
generation, reaching billions annually. Recognizing the environmental impact, there’s
a growing focus on utilizing waste tires as secondary raw materials and energy sources.
Despite challenges posed by tire resilience and resistance to degradation, the current
study advocates for pyrolysis as an eco-friendly method to recycle tires. It explores
key process parameters (temperature and residence time) in pyrolysis, emphasizing
qualitative and quantitative analyses of resulting oils compared to other products. The
goal is to contribute to sustainable tire waste management and resource recovery.

The study employed Thermogravimetric analysis for rubber’s thermal
characteristics, Fourier Transform Infrared Spectroscopy for pyrolysis oil analysis,
Detailed Hydrocarbon Analysis using a VARIAN CP-3800 instrument, and a bomb
calorimeter (Parr 1256) for measuring heat capacity in obtained oils.

The yields of pyrolysis oil, char and gas were 20-32.5, 45-60, and 5-30 wt.%,
respectively. The Detailed Hydrocarbon Analysis results ranged from 5-20 showed that
pyrolysis oils consisted mainly of 2,3-dimethylbutene, 2-methylbutene, t-isobutyl-4-
ethyl-benzene, and 1-m-4-Isopropyl-benzene. Fourier Transform Infrared Spectroscopy
showed the increase of aromatic components with increasing pyrolysis temperature.
The measuring of highest calorific value of pyrolysis oil was 10309 Cal/g which showed
good compatibility with commercial heating oils.

Pyrolysis oils from waste tires exhibit calorific values comparable to
commercial heating oils, suggesting a promising alternative fuel source with versatile
compositions. The findings help to understand the feasibility and potential applications

DOI: 10.22034/1JHCUM.2024.03.10 of waste tire pyrolysis in sustainable energy solutions.
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The substantial global rise in population and
concurrent growth in transportation demands, along
with increased car production, have contributed to
a surge in the generation of waste tires. Annually,
billions of scrap tires are produced globally (Hita et al.,
2016; Nejatian et al., 2023; Pazoki and Ghasemzadeh,
2020). It is estimated that the amount of 198,346-
339,678 tons of tire waste in Iran reached the end
of life during 2003-2015 (equals 2.3955-4.52 kg per
capita per year) (Zarei et al., 2018). This has prompted
a growing interest in addressing environmental
concerns (Karbassi and Pazoki, 2015) and recognizing
the valuable potential of waste tires as secondary
raw materials and energy resources. The focus on
recycling or reusing rubber waste has intensified
in recent years (Pazoki et al., 2018). Effectively
managing the recycling and disposal of worn-out tires
presents notable hurdles owing to their durability
and resistance to natural breakdown. Although
the considerable calorific content of discarded
tires renders them suitable for burning, the release
of harmful gases during the combustion process
raises environmental apprehensions, constituting a
noteworthy obstacle in the current era. At present,
the utilization of pyrolysis emerges as a distinctive
and eco-conscious approach to repurpose and
recycle scrap tires. This method entails transforming
tires into valuable commodities, such as liquid
fuels, offering a sustainable alternative (Kaminsky
et al., 2009). Numerous methods and reactors have
been utilized in the pyrolysis of discarded tires, and
thorough investigations have been carried out to
analyze and define the products derived from the
pyrolytic process (Choi et al., 2014; Lépez et al.,
2010; Rushdi et al, 2013; Williams and Brindle,
2003). A major output of pyrolysis is oil, holding the
potential for the production of valuable chemicals
like toluene, xylene, benzene, and limonene (Islam
et al, 2008). Additionally, pyrolysis produces gas
and char, both valuable materials. The char primarily
comprises carbon black, and the gases consist of C,
to C, organic compounds (Sahouli et al., 1996; Tajfar
et al., 2023). Certain research endeavors focused on
scrutinizing the influence of residence time, oxygen
concentration, and feedstock flow rate on the
production and features of carbon black obtained
from the pyrolysis oil of used tires. This examination
maintained a consistent temperature throughout the
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study (Heidary, 2017; Wen et al., 2023). Toth et al.
(2018) supported and validated these conclusions by
illustrating a surge in carbon black yield from biomass
pyrolysis oil with an elevation in temperature from
900 to 1300 °C. Nevertheless, the yield experienced
a decline, reaching as low as 7% at a temperature
of 1700 °C (Toth et al., 2018). The results revealed
a decrease in output as residence time and oxygen
concentration increased. Notably, the BET surface
area demonstrated an augmentation at elevated
oxygen concentrations but saw a decline with
prolonged residence times. Distinct variations in both
yield and primary particle size of carbon black were
observable across diverse samples of pyrolysis oil
derived from spent tires. In a separate study, Ono et al.
(2012) utilized benzene as a feedstock and observed a
reduction in the primary particle size of carbon black
from 40 to 31 nm as the temperature increased from
1200 to 1400 °C (Ono et al., 2012). More recently,
Okoye et al. (2022, 2021b) explored the influence of
process variables (reaction temperature, residence
time, and oxygen concentration) on the yield and
quality of carbon black produced from spent tire
pyrolysis oil and heavy residue fraction (Okoye et
al., 2022, 2021). Their findings indicated a significant
improvement in carbon black properties (BET surface
area, carbon content, and volatile matter) with
increasing residence time, oxygen concentration, or
reaction temperature. However, this enhancement
came at the cost of carbon black yield, suggesting
a trade-off in selecting process variables (Wen et
al., 2023; Pazoki et al., 2020). Presently, numerous
studies have investigated the impact of process
parameters on the co-pyrolysis of coal and waste
tires. These studies revealed that factors such as
temperature and blending ratio exert varying degrees
of influence on the co-pyrolysis process (Abdoli and
Ghasemzadeh, 2024; Ghasemzadeh et al., 2022a). In
another study, the inclusion of 67 wt% of tires into
lignite was found to enhance tar yield consistently
across various pyrolysis temperatures. This indicates
favorable synergies for tar production at all mixing
ratios (Acar et al., 2011). In a separate investigation, it
was reported that there existed a positive synergy for
tar production with coal/tire mixing ratios of 9/1 and
8/2 attemperatures ranging from 400 to 800 °C during
co-pyrolysis (Brat et al., 2022). Moreover, the rate of
heating emerged as a pivotal factor influencing the
synergy between coal and tires. Onay and Koca (2015)



found that higher heating rates promoted interactions
between coal and waste tires for tar production,
leading to improved vyield and quality (Onay and
Koca, 2015). Conventional heating approaches, like
electrical resistance heating, encounter difficulties in
attaining high heating rates. Conversely, the infrared
fast-heating fixed-bed reactor presents a solution,
leveraging its benefits of a rapid heating rate of up
to 30 °C/s and a relatively substantial sample loading
(gram). This allows for thoroughly exploring and
comprehending interactions during co-pyrolysis
(Onay and Koca, 2015; Tokmurzin et al., 2019). This
study deals with the process parameters including
temperature and residence time in pyrolysis of
waste tire products like chars and oils. Also, the aim
was both qualitative and quantitative analyses of
the produced oils in comparison to other derived
products. The current study was carried out at the
University of Tehran in 2022.

Feedstock preparation

In general, the waste tires consisted of a
combination of at least three distinct rubber types,
namely Natural Rubber (NR), Styrene Butadiene
Rubber (SBR), and Polybutadiene Rubber (PR). The
powder derived from waste tires, devoid of any steel
or fiber components, was acquired from Yazd Tire
Company in Iran. The waste tire powder, with particle
sizes ranging from 0.2 to 1 mm, served as the direct
feedstock for the pyrolysis experiments. Also, the
sampling of the input raw materials of the pyrolysis
process was done at one time so that the change
error in the input feedstock could be greatly reduced.
Acetone and 2-propanol were used for the separation
of oils and was purchased from Merck, Germany.

Pyrolysis process

The decomposition of waste tire took place within
a fixed bed reactor, comprising a 316 SS tube with a
diameter of 33mm, length of 25cm, and a volume of
105ml. Before each experiment, 20 g of rubber powder
was introduced into the reactor and subjected to
heating using an electric laboratory chamber furnace
(Oxiton model 1200 made in Iran). The specific time
and temperature parameters were chosen based on
the experimental design for each trial. To mitigate the
influence of residual oxygen on pyrolysis products,
nitrogen gas was purged into the reactor. Upon

reaching the designated reaction temperatures (400-
600 °C), the sealed reactor was positioned inside the
furnace for a predetermined duration. Subsequently,
the reactor was removed from the electric furnace
and allowed to cool gradually to room temperature,
followed by further cooling in a refrigerator for
2 hours. To assess the impact of temperature on
pyrolysis products, the reactor was weighed, and
the generated gas was extracted upon opening the
reactor. The difference in weight was reported as
gas yields. The residual pyrolysis products were
immersed in a solution of 2-propanol and acetone
solvent at room temperature, and the mixture
was stirred for 1 hour. Afterward, the solution was
meticulously rinsed and filtered, and the remaining
solid underwent overnight drying in an oven at 80°C.
This residue constituted the char yield, predominantly
composed of carbon black. The solvents utilized in
the filtration process were separated under reduced
pressure using a vacuum evaporator (Hahan Wapor
model HS-2005s from Hahanshin company, South
Korea). Following distillation, a nearly light phase
was obtained from each liquid. These collected
phases were identified as pyrolysis oil and stored
for subsequent characterization. Experiments were
performed three times each, and the mean of each
group was presented. A schematic representation of
the pyrolysis process is illustrated in Fig. 1.

Analysis and characterization

Thermogravimetric Analysis (TGA) was conducted
using a thermogravimetric analyzer (TGA Mettler-
Toledo/DSC/TGA1 Instruments, Switzerland) to
explore the thermal characteristics of the feed
material. Approximately 10-15 mg of rubber
samples were employed for TGA experiments. All
experiments were executed within the temperature
range of 30 to 700 °C, employing a heating rate of
10 °C/min, and conducted under a nitrogen gas
purge. Fourier transform infrared spectroscopy (FTIR)
was employed to analyze all pyrolysis oils (model
EQUINOX55, Bruker). The FTIR analysis involved 64
scans at a resolution of 4/cm in the 400 to 4000/cm
range to obtain the spectra of pyrolysis oils. Detailed
Hydrocarbon Analysis (DHA) was performed using a
VARIAN CP-3800 instrument equipped with a Flame
lonization Detector (FID). Separations were carried
out using a fumed silica capillary column (CP-SIL PONA
CB) with a length of 100 m and an internal diameter
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Fig.1: Schematic diagram of the pyrolysis process

of 0.25 mm. The temperature was programmed from
50 to 295 °C at a rate of 4 °C/min, with helium serving
as the carrier gas. For measuring the heat capacity of
obtained oils, a bomb calorimeter (Parr instrument,
model 1256) was employed. The bomb calorimeter, a
type of constant-volume calorimeter, was utilized to
determine the heat of combustion for various types
of burning samples (Abdoli and Ghasemzadeh, 2024).
Each experiment involved the use of approximately
1-1.5 g of samples. The values of the results presented
in each section are the average of three times of
analysis.

RESULTS AND DISCUSSION
TGA experiments

Fig. 2 displays the TGA and Differential
Thermogravimetric (DTG) curves for the scrap tire
powder. The TGA curves indicate that thermal
degradation occurred across a broad range from 200
to 500 °C, while the DTG curves distinctly reveal three
decomposition regions. The initial weight loss at 200-
300 °Cis attributed to the degradation or volatilization
of additives such as stearic acid and aromatic-
naphthenic oils employed in the tire manufacturing
process. The subsequent weight loss (300-380 °C)
primarily results from the degradation of NR, and the
third weight loss (380-500 °C) is associated with the
decomposition of SBR and BR. NR and SBR constitute
the main components of tires, while BR is commonly
used as a liner for certain types of tires. These
findings align with a prior study that utilized DTG
peak temperatures of 378 °C, 458 °C, and 468 °C for
NR, SBR, and BR, respectively (Moustafa et al., 2016).
The insights gained from this TGA study provide a
foundation for designing our pyrolysis experiment.
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According to the TGA analysis, an optimal pyrolysis
temperature range of 400-600 °C is recommended to
achieve complete decomposition of waste tires.

Effect of temperature

Table 1 outlines the impact of pyrolysis
temperatures (400, 450, 500, 550, and 600 °C) on
the product yields. The gas yield was determined by
the disparity between the quantity of feed material
and the combined amount of oil and pyrolysis char.
Pyrolysis oil yields ranged from 20% to 32.5% by
weight of the tire waste. Char yield calculations were
performed after washing and drying the pyrolysis
char in an oven overnight.

Table 1 illustrates that the vyields of pyrolysis
products exhibit a strong dependency on the chosen
pyrolysis temperatures. Optimal pyrolysis conditions
seem to be around 500 °C, as at this temperature
range, the vyields are most favorable. Notably,
increasing the pyrolysis temperature beyond this point
primarily promotes the degradation of oil, converting
it into gas products, mainly due to secondary cracking
reactions. The solid residue from pyrolysis comprises
reinforcing carbon black used in tire production
and other inorganic compounds incorporated
during the manufacturing process (Czajczynriska et
al., 2017; Ghasemzadeh et al., 2022b, 2022c). Char
yield fluctuates within the range of about 45 to 60
wt.%, while the gas obtained from pyrolysis can vary
from 5-30 wt.% of the products, depending on the
pyrolysis temperature. Interestingly, as the pyrolysis
temperature increases, the char vyield remains
relatively constant, hovering around 45 wt.%. The
correlation between product yields and temperature
is visually represented in Fig. 3.
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Fig. 2: Thermogravimetric analysis of the scrap tire powder

Table 1: Effect of temperature on the yields of pyrolysis products

Pyrolysis temperature (°C) Char yield (%) Oil yield (%) Gas yield (%)
400 60 325 5
450 55 30 10
500 50 27.5 17.5
550 45 22,5 25
600 45 20 30
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Fig. 3: Correlation between product yields and temperature
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Fig.4: Effect of residence time on yields of pyrolysis products

Effect of residence time

Fig.4 shows the effect of residence time on yields
of pyrolysis products at 500 °C. Different residence
times such as 30, 60, 90, 120, and 150 min were
examined for the pyrolysis procedure at 500 °C. As
the figure shows, only slight changes are obvious
in trends of yielding products. This is more obvious
in the case of gases, which are increasing with
increasing residence time. So in conclusion, a longer
residence time has a weak influence on the yields of
pyrolysis products but the direction was the same as
the pyrolysis temperature for the gas product.

FTIR analysis

FTIR was employed to characterize pyrolysis oils
obtained through the degradation of tire wastes at
four distinct temperatures ranging from 400 to 550
°C. The analysis was conducted at room temperature
using Potassium Bromide (KBr) discs and recorded
over a wavenumber range of 4000-400 cm™ (Fig. 5a).
The IR spectra exhibit several characteristic peaks,
including broadband indicative of the OH group at
3400/cm (Samimi, 2024). Additionally, absorption
peaks at 3045 and 3014/cm were assigned to the
C=C stretching vibrations. A narrow and moderately
intense peak at approximately 1600/cm corresponds
to characteristic vibrations of the aromatic nucleus
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(C=C), such as the benzene ring. An intense peak at
1200/cm is typical of C-O bonds. Bands observed in
the range of 1000-1150/cm were attributed to the
C—0—C stretching vibrations, while the stretching
and bending vibrations at 2796-2950/cm and
1310-1465/cm were assigned to alkyl groups, such
as CH, and CH,, present in the obtained chemicals.
The sample spectra of pyrolysis oil at 500 °C, along
with comparisons at four different temperatures, are
provided in Fig. 5b.

Although the obtained results show more or
less similar absorption there are some differences
between FTIR absorption of the produced oils in
different pyrolysis temperatures. The evidence
of FTIR spectroscopy wavenumber around 1600
and 3000/cm shows by increasing the pyrolysis
temperature from 400 to 550 °C the amount of
aromatic structure increases. This observation is
presented in Fig. 6. This is quite obvious from sharper
absorption peaks around 1600/cm and above 3000/
cm which belong to aromatic structures. These
bands were very small at lower temperatures and
increased with increasing pyrolysis temperature,
indicating that higher concentrations of aromatics
were presented in higher pyrolysis temperatures.
Similar results have been reported by other studies
(Lopez et al., 2013; Maleki Delarestaghi et al., 2018;
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Table 2: Detailed Hydrocarbon Analysis of pyrolysis oils

Sample number Ret. Time (min)

Peak name (compound)

Pyrolysis temperature (°C)

1 8.398 1-Pentene 500
2 8.637 NC5 550
3 9.064 Cis-2-Pentene 400
4 9.215 2-Methylbutene 500
5 9.305 2,3-DMC4 400-550
6 81.979 1-m-4-Isop-benzene 400-550
7 100.115 t-IB4Ebenzene 550

Table 3: Calorific value results of waste tire pyrolysis oils

Sample number

Pyrolysis temperature (°C)

Energy (Cal/g)

1 400
450
500

2
3
4 550

10309
9800
9667
8973

Ramirez-Canon et al., 2018). Aromatic formation
reaction at higher temperatures is mainly due to
Diels-Alder and recombination reactions between
aliphatic and aromatic free radicals. It is noteworthy
to mention that the chemical compositions of the
pyrolysis oils are intricate due to the utilization
of various types and mixtures of scrap tires in the
pyrolysis process. The diverse nature of the input
materials contributes to the complexity of the
resulting chemical compositions in the pyrolysis oils.

Detailed Hydrocarbon analysis

DHA was performed on pyrolysis oils obtained
within the temperature range of 400-550°C, and
the outcomes are presented in Table 2. In summary,
it can be noted that the composition of pyrolysis
oils is highly intricate due to the variations in
scrap tires and pyrolysis temperatures. The results
indicate a diverse mixture of organic compounds
ranging from 5 to 20 carbons, with a predominant
presence of aromatics. Some of the identified
chemicals include 1-pentene, 2-methylbutene,
2,3-dimethylbutane (DMC4), 1-m-4-Isop-benzene,
and t-IB4Ebenzene. The complexity of the obtained
chemicals underscores the influence of both the
tire composition and the pyrolysis conditions
on the resulting hydrocarbon composition. It is
quite obvious that by increasing the degradation
temperature, the amount of aromatic structures
increases. This may be because of free radical
recombination reactions and cyclization of aliphatic

516

chains. Similar results have been obtained by
another study and are also confirmed by our FTIR
spectroscopic study (Diez et al., 2004).

Calorific value

Bomb calorimetry was employed to measure the
calorific value (heat of combustion) of pyrolysis oils
according to the ASTM D4809 standard method. In
general, pyrolysis oils obtained from recycled tires
exhibited a high calorific value comparable to that of
commercial heating oils. This similarity renders them
an attractive alternative and valuable fuel source.
The results obtained through bomb calorimetry or
energy content per gram of oil (Cal/g) at different
pyrolysis temperatures are presented in Table 3,
providing insights into the heat release capabilities
of the pyrolysis oils. Within the temperature range of
400 to 550 °C, the energy content of the produced oil
has decreased from 10,309 to 8,973, indicating a 13%
reduction. This implies that when the temperature of
the pyrolysis process increased, the energy content
of the produced oil decreased. These findings align
with other studies in the field (Heidary, 2017; Diez et
al., 2004).

The utilization of waste tire pyrolysis emerges as
a valuable avenue for extracting oil from discarded
materials, offering a solution with multifaceted
economic benefits. The resulting oil showcases a
spectrum of properties contingent upon diverse
process parameters, including residence time
and temperature. While some studies have



explored the economic feasibility of pyrolysis
processes, in lIran’s context, characterized by
relatively low energy prices, economic viability
pivots on addressing environmental concerns or
capitalizing on government incentives directed
toward bolstering sustainable energy production.
Various factors, spanning plant longevity, feedstock
composition, technological variables, and biomass
pricing, collectively shape the economic feasibility
of oil extraction through pyrolysis. Key to evaluating
market competitiveness against other biofuels
is the production cost linked with char and oil.
This cost is susceptible to influence from a range
of factors encompassing pretreatment methods,
upgrading techniques, and recycling practices.
Approaches such as biomass torrefaction as a
pretreatment strategy and the adoption of cost-
efficient catalysts for oil refinement show promise
in rendering biomass pyrolysis for oil extraction
financially viable. Additionally, implementing a self-
sustaining pyrolysis process holds the potential
for substantial cost reductions, positioning it as
the most economically advantageous option on a
commercial scale. The study focused on examining
key parameters such as temperature and residence
time in pyrolysis processes, aiming to evaluate
resulting oils qualitatively and quantitatively in
comparison to alternative products. However,
potential sources of error exist within the
analysis, and the underlying assumptions require
improvement to enhance reliability. These sources
of error include inaccuracies in measurement
precision, risks of sample contamination, variability
in feedstock characteristics, and assumptions made
during analysis. To address these issues, researchers
could refine measurement techniques, implement
robust quality control measures, standardize
feedstock characteristics, and validate assumptions
through sensitivity analyses or control experiments.
By mitigating these potential sources of error and
enhancing underlying assumptions, the study can
achieve greater reliability and validity in its findings,
ultimately strengthening the significance of its
conclusions.

The rising global population and increased
transportation needs have led to a significant annual
production of billions of waste tires. To address the
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environmental impact, there is a growing focus on
repurposing these tires as secondary raw materials
and energy sources. Despite challenges posed by tire
resilience,arecentstudyadvocatesforusing pyrolysis
as an eco-friendly method for recycling tires. The
research explores key parameters like temperature
and residence time in pyrolysis, emphasizing both
qualitative and quantitative analyses of resulting oils
compared to other products. The goal is to contribute
to sustainable tire waste management and resource
recovery. This study investigated the pyrolysis of
waste tire powder at various temperatures and
yielded pyrolysis oils, with a notable range in yields
(20 to 32.5 wt.%), dependent on the final pyrolysis
temperature. This process also generated pyrolysis
char (45 to 60 wt.%) and gas (5 to 30 wt.%). Detailed
Hydrocarbon Analysis identified key compounds in
the pyrolysis oils, including 1-pentene, 2-methylene,
2,3-dimethylbutane, 1-m-4-lsop-benzene, and t-IB-
4Ebenzene. Fourier Transform Infrared Spectroscopy
revealed a temperature-dependent shift, with an
increase in aromatic structures and a decrease
in aliphatic components. Moreover, the calorific
value comparison demonstrated that pyrolysis
oils from waste tires are on par with commercial
heating oils, indicating their potential as a valuable
alternative fuel source. This comprehensive analysis
underscores the versatility of waste tire pyrolysis
in producing oils with diverse compositions and
energy characteristics. The findings contribute
to understanding the feasibility and potential
applications of waste tire pyrolysis in sustainable
energy solutions.

A.  Pazoki  performed  conceptualization,
investigation, and interpreted the data. R.
Ghasemzadeh wrote the draft manuscript and
reviewed the literature. M. Barikani performed
experiments and investigation in the literature review
and manuscript preparation. M. Pazoki analyzed and
interpreted the data.

The authors would like to thank Dr. E Sotoudeh
for his assistance in providing a waste tire powder
sample from the Yazd rubber industries complex, in
Iran, and our sincere thanks go to Dr. M Barikani for
his immense knowledge and insightful comments on



this study.

The authors declare no potential conflict of
interest regarding the publication of this work. In
addition, the ethical issues including plagiarism,
informed consent, misconduct, data fabrication and,
or falsification, double publication and, or submission,
and redundancy have been completely witnessed by
the authors.

©2024 The author(s). This article is licensed under
a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or
format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes
were made. The images or other third-party material
in this article are included in the article’s Creative
Commons license, unless indicated otherwise in a
credit line to the material. If material is not included
in the article’s Creative Commons license and your
intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view
a copy of this license, visit: http://creativecommons.
org/licenses/by/4.0/

Tehran Urban Planning and Research Centre
remains neutral with regard to jurisdictional claims in
published maps and institutional afflictions.

BR Polybutadiene Rubber

DHA Detailed Hydrocarbon Analysis

DTG Differential Thermogravimetric

FTIR Fourier Transform Infrared Spectroscopy
FID Flame lonization Detector

KBr Potassium Bromide

NR Natural Rubber

SBR Styrene Butadiene Rubber

TGA Thermogravimetric Analysis

Abdoli, M.A.; Ghasemzadeh, R., (2024). Evaluation and
optimization of hydrothermal carbonization condition
for hydrochar and methane vyield from anaerobic
digestion of organic fraction of municipal solid waste
(OFMSW). Fuel. 355(1):1-13 (13 pages).

Acar, P.; Sinag, A.; Misirlioglu, Z.; Canel, M., (2011). The
pyrolysis of scrap tire with lignite. Energy Sources Part
A., 34(3): 287-295 (9 pages).

Brat, Z.M.; Jankovi¢, B.; Stojilijkovi¢, D.; Radojevi¢, M.;
Manié¢, N., (2022). Assessment of synergistic effect on
performing the co-pyrolysis process of coal and waste
blends based on thermal analysis. J. Therm. Sci., 26(3):
2211-2224 (14 pages).

Choi, G.-G.; Jung, S-H.; Oh, S-J.; Kim, J.-S., (2014). Total
utilization of waste tire rubber through pyrolysis to
obtain oils and CO, activation of pyrolysis char. Fuel
Process. Technol., 123: 57-64 (8 pages).

Czajczynska, D.; Anguilano, L.; Ghazal, H.; Krzyzynska,
R.; Reynolds, A.J.; Spencer, N.; Jouhara, H., (2017).
Potential of pyrolysis processes in the waste
management sector. Therm. Sci. Eng. Prog., 3: 171-
197 (27 pages).

Diez, C.; Martinez, O.; Calvo, L.F.; Cara, J.; Moran, A., (2004).
Pyrolysis of tyres. Influence of the final temperature of
the process on emissions and the calorific value of the
products recovered. Waste Manage., 24(5): 463-469
(7 pages).

Ghasemzadeh, R.; Abdoli, M.A.; Bozorg Haddad, O
Pazoki, M., (2022a). Performance evaluation of
hydrothermal carbonation treatment to biogas
production from anaerobic digestion of organic waste.
J. Water Wastewater Sci. Eng., 7(2): 14-22 (9 pages).
(In Persian)

Ghasemzadeh, R.; Abdoli, M.A.; Bozorg Haddad, O
Pazoki, M., (2022b). The Impact of Hydrothermal
Carbonization Treatment on Anaerobic Digestion of
Organic Fraction of Municipal Solid Waste. Environ.
Energy Econ. Res., 6(1): 1-10 (10 pages).

Ghasemzadeh, R.; Abdoli, M.A.; Bozorg-Haddad, O.;
Pazoki, M., (2022c). Optimizing the effect of hydrochar
on anaerobic digestion of organic fraction municipal
solid waste for biogas and methane production. J.
Environ. Health Sci. Eng., 20(1): 29-39 (11 pages).

Heidary, R., (2017). Effect of Temperature on Hydrothermal
Gasification of Paper Mill Waste, Case Study: The
Paper mill in North of Iran. J. Environ. Stud., 43(1):
59-71 (13 pages). (In Persian)

Hita, |.; Arabiourrutia, M.; Olazar, M.; Bilbao, J.; Arandes,
J.M.; Castafio, P., (2016). Opportunities and barriers
for producing high quality fuels from the pyrolysis of

518


https://www.sciencedirect.com/science/article/pii/S0016236123021452
https://www.sciencedirect.com/science/article/pii/S0016236123021452
https://www.sciencedirect.com/science/article/pii/S0016236123021452
https://www.sciencedirect.com/science/article/pii/S0016236123021452
https://www.sciencedirect.com/science/article/pii/S0016236123021452
https://www.tandfonline.com/doi/abs/10.1080/15567030903586063
https://www.tandfonline.com/doi/abs/10.1080/15567030903586063
https://www.tandfonline.com/doi/abs/10.1080/15567030903586063
https://thermalscience.vinca.rs/pdfs/papers-2021/TSCI210516310B.pdf
https://thermalscience.vinca.rs/pdfs/papers-2021/TSCI210516310B.pdf
https://thermalscience.vinca.rs/pdfs/papers-2021/TSCI210516310B.pdf
https://thermalscience.vinca.rs/pdfs/papers-2021/TSCI210516310B.pdf
https://thermalscience.vinca.rs/pdfs/papers-2021/TSCI210516310B.pdf
https://www.sciencedirect.com/science/article/pii/S037838201400068X
https://www.sciencedirect.com/science/article/pii/S037838201400068X
https://www.sciencedirect.com/science/article/pii/S037838201400068X
https://www.sciencedirect.com/science/article/pii/S037838201400068X
https://www.sciencedirect.com/science/article/pii/S2451904917300690
https://www.sciencedirect.com/science/article/pii/S2451904917300690
https://www.sciencedirect.com/science/article/pii/S2451904917300690
https://www.sciencedirect.com/science/article/pii/S2451904917300690
https://www.sciencedirect.com/science/article/pii/S2451904917300690
https://www.sciencedirect.com/science/article/pii/S0956053X03002228
https://www.sciencedirect.com/science/article/pii/S0956053X03002228
https://www.sciencedirect.com/science/article/pii/S0956053X03002228
https://www.sciencedirect.com/science/article/pii/S0956053X03002228
https://www.sciencedirect.com/science/article/pii/S0956053X03002228
https://www.jwwse.ir/article_146666.html?lang=en
https://www.jwwse.ir/article_146666.html?lang=en
https://www.jwwse.ir/article_146666.html?lang=en
https://www.jwwse.ir/article_146666.html?lang=en
https://www.jwwse.ir/article_146666.html?lang=en
https://www.jwwse.ir/article_146666.html?lang=en
https://www.eeer.ir/article_140757.html
https://www.eeer.ir/article_140757.html
https://www.eeer.ir/article_140757.html
https://www.eeer.ir/article_140757.html
https://www.eeer.ir/article_140757.html
https://link.springer.com/article/10.1007/s40201-021-00751-5
https://link.springer.com/article/10.1007/s40201-021-00751-5
https://link.springer.com/article/10.1007/s40201-021-00751-5
https://link.springer.com/article/10.1007/s40201-021-00751-5
https://link.springer.com/article/10.1007/s40201-021-00751-5
https://jes.ut.ac.ir/article_62061.html?lang=en
https://jes.ut.ac.ir/article_62061.html?lang=en
https://jes.ut.ac.ir/article_62061.html?lang=en
https://jes.ut.ac.ir/article_62061.html?lang=en
https://www.sciencedirect.com/science/article/pii/S1364032115013489
https://www.sciencedirect.com/science/article/pii/S1364032115013489
https://www.sciencedirect.com/science/article/pii/S1364032115013489

scrap tires. Renewable Sustainable Energy Rev., 56:
745-759 (15 pages).

Islam, M.R.; Haniu, H.; Beg, M.R.A., (2008). Liquid fuels
and chemicals from pyrolysis of motorcycle tire waste:
product yields, compositions and related properties.
Fuel. 87(13): 3112-3122 (11 pages).

Kaminsky, W.; Mennerich, C.; Zhang, Z., (2009). Feedstock
recycling of synthetic and natural rubber by pyrolysis
in a fluidized bed. J. Anal. Appl. Pyrolysis., 85(1): 334—
337 (4 pages).

Karbassi, A.R.; M. Pazoki, M. (2015). Environmental
qualitative assessment of rivers sediments Global J.
Environ. Sci. Manage., 1(2): 109-116 (8 pages).

Lépez, F.A.; Centeno, T.A.; Alguacil, F.J.; Lobato, B.; Urien,
A., (2013). The GRAUTHERMIC-Tyres process for the
recycling of granulated scrap tyres. J. Anal. Appl.,
Pyrolysis. 103: 207-215 (9 pages).

Lépez, G.; Olazar, M.; Aguado, R.; Bilbao, J., (2010).
Continuous pyrolysis of waste tyres in a conical
spouted bed reactor. Fuel. 89(8): 1946—1952 (7 pages).

Maleki Delarestaghi, R.; Ghasemzadeh, R.; Mirani, M.;
Yaghoubzadeh, P., (2018). The comparison between
different waste management methods of Tabas city
with life cycle assessment assessment. J. Environ. Sci.
Stud., 3(3): 782-793 (12 pages). (In Persian)

Moustafa, A.B.; Mounir, R.; ElI Miligy, A.A.; Mohamed,
M.A., (2016). Effect of gamma irradiation on the
properties of natural rubber/styrene butadiene
rubber blends. Arab. J. Chem., 9:124-129 (6 pages).

Nejatian, N.; abbaspour, M.; Javidan, P.; Yavari Nia,
M.; Shacheri, F.; Azizi, H.; Yavari Nia, M.; Pazoki, A.;
Pazoki, M.; Amiri, M.J., (2023). Evaluation of the
vulnerability and pathways of groundwater pollution
in the Zanjanrud river basin by an integrated modeling
approach. Model. Earth Syst. Environ., 12: 1-14 (14
pages).

Okoye, C.0.; Zhu, M.; Jones, |.; Zhang, J.; Zhang, Z.; Zhang,
D., (2022). An investigation into the preparation of
carbon black by partial oxidation of spent tyre pyrolysis
oil. Waste Manage., 137: 110-120 (11 pages).

Okoye, C.0.; Zhu, M.; Jones, I.; Zhang, J.; Zhang, Z.; Zhang,
D., (2021). Preparation and characterization of carbon
black (CB) using heavy residue fraction of spent tyre
pyrolysis oil. J Environ Chem Eng., 9(6): 1-13 (13
pages).

Onay, O.; Koca, H., (2015). Determination of synergetic
effect in co-pyrolysis of lignite and waste tyre. Fuel.,
150: 169-174 (6 pages).

Ono, K.; Yanaka, M.; Tanaka, S.; Saito, Y.; Aoki, H.; Fukuda,
0.; Aoki, T.; Yamaguchi, T., (2012). Influence of furnace
temperature and residence time on configurations of

519

carbon black. Chem. Eng. J., 200: 541-548 (8 pages).

Pazoki, M.; Ghasemzadeh, R., (2020). Municipal landfill
leachate management. Springer.

Pazoki, M.; Ghasemzadeh, R.; Yavari, M.; Abdoli, M.A,,
(2018). Analysis of photocatalyst degradation of
erythromycin with titanium dioxide nanoparticle
modified by silver. Nashrieh Shimi va Mohandesi Shimi
Iran37(1): 63—72 (10 pages).

Ramirez-Canon, A.; Mufioz-Camelo, Y.F.; Singh, P., (2018).
Decomposition of used Tyre Rubber by pyrolysis:
enhancement of the physical properties of the liquid
fraction using a hydrogen stream. Environments., 5(6):
72-83 (12 pages).

Rushdi, A.l.; BaZeyad, AY.; Al-Awadi, A.S.; Al-Mutlaq, K.F.;
Simoneit, B.R.T., (2013). Chemical characteristics of
oil-like products from hydrous pyrolysis of scrap tires
at temperatures from 150 to 400 C. Fuel., 107: 578—
584 (7 pages).

Sahouli, B.; Blacher, S.; Brouers, F.; Darmstadt, H.; Roy,
C.; Kaliaguine, S., (1996). Surface morphology and
chemistry of commercial carbon black and carbon
black from vacuum pyrolysis of used tyres. Fuel., 75:
1244-1250 (7 pages).

Samimi, M., (2024). Efficient biosorption of cadmium
by Eucalyptus globulus fruit biomass using process
parameters optimization. Global J. Environ. Sci.
Manage., 10(1): 27-38 (12 pages).

Tajfar, 1.; Pazoki, M.; Pazoki, A.; Nejatian, N.; Amiri, M.,
(2023). Analysis of Heating Value of Hydro-Char
Produced by Hydrothermal Carbonization of Cigarette
Butts. Pollution., 9(3): 1273-1280 (8 pages).

Tokmurzin, D.; Ra, HW.; Yoon, S.M.; Yoon, S.J.; Lee, J.G.;
Seo, M.\W.; Adair, D., (2019). Pyrolysis characteristics
of Kazakhstan coals in non-isothermal and isothermal
conditions. Int. J. Coal Prep. Util., 42(3): 254-274 (21
pages).

Toth, P.; Vikstrom, T.; Molinder, R.; Wiinikka, H., (2018).
Structure of carbon black continuously produced from
biomass pyrolysis oil. Green Chem., 20(17): 3981-
3992 (12 pages).

Wen, Y.; Liu, S.; Fu, S.; Wang, Z.; Hu, H.; Jin, L., (2023).
Insight into influence of process parameters on co-
pyrolysis interaction between Yulin coal and waste tire
via rapid infrared heating. Fuel., 337: 1-13 (13 pages).

Williams, P.T.; Brindle, A.J., (2003). Fluidised bed pyrolysis
and catalytic pyrolysis of scrap tyres. Environ. Technol.,
24(7): 921-929 (9 pages).

Zarei, M.; Taghipour, H.; Hassanzadeh, Y., (2018). Survey
of quantity and management condition of end-of-life
tires in Iran: a case study in Tabriz. J. Mater. Cycles
Waste Manage., 20: 1099-1105 (7 pages).


https://www.sciencedirect.com/science/article/pii/S1364032115013489
https://www.sciencedirect.com/science/article/pii/S1364032115013489
https://www.sciencedirect.com/science/article/pii/S0016236108001579
https://www.sciencedirect.com/science/article/pii/S0016236108001579
https://www.sciencedirect.com/science/article/pii/S0016236108001579
https://www.sciencedirect.com/science/article/pii/S0016236108001579
https://www.sciencedirect.com/science/article/pii/S0165237008001885
https://www.sciencedirect.com/science/article/pii/S0165237008001885
https://www.sciencedirect.com/science/article/pii/S0165237008001885
https://www.sciencedirect.com/science/article/pii/S0165237008001885
https://www.gjesm.net/article_10772.html
https://www.gjesm.net/article_10772.html
https://www.gjesm.net/article_10772.html
https://www.sciencedirect.com/science/article/pii/S0165237012002513
https://www.sciencedirect.com/science/article/pii/S0165237012002513
https://www.sciencedirect.com/science/article/pii/S0165237012002513
https://www.sciencedirect.com/science/article/pii/S0165237012002513
https://www.sciencedirect.com/science/article/pii/S0016236110001213
https://www.sciencedirect.com/science/article/pii/S0016236110001213
https://www.sciencedirect.com/science/article/pii/S0016236110001213
https://www.jess.ir/article_81252.html?lang=en
https://www.jess.ir/article_81252.html?lang=en
https://www.jess.ir/article_81252.html?lang=en
https://www.jess.ir/article_81252.html?lang=en
https://www.jess.ir/article_81252.html?lang=en
https://www.sciencedirect.com/science/article/pii/S1878535211000748
https://www.sciencedirect.com/science/article/pii/S1878535211000748
https://www.sciencedirect.com/science/article/pii/S1878535211000748
https://www.sciencedirect.com/science/article/pii/S1878535211000748
https://link.springer.com/article/10.1007/s40808-023-01897-x
https://link.springer.com/article/10.1007/s40808-023-01897-x
https://link.springer.com/article/10.1007/s40808-023-01897-x
https://link.springer.com/article/10.1007/s40808-023-01897-x
https://link.springer.com/article/10.1007/s40808-023-01897-x
https://link.springer.com/article/10.1007/s40808-023-01897-x
https://link.springer.com/article/10.1007/s40808-023-01897-x
https://www.sciencedirect.com/science/article/pii/S0956053X21005675
https://www.sciencedirect.com/science/article/pii/S0956053X21005675
https://www.sciencedirect.com/science/article/pii/S0956053X21005675
https://www.sciencedirect.com/science/article/pii/S0956053X21005675
https://www.sciencedirect.com/science/article/pii/S2213343721015384
https://www.sciencedirect.com/science/article/pii/S2213343721015384
https://www.sciencedirect.com/science/article/pii/S2213343721015384
https://www.sciencedirect.com/science/article/pii/S2213343721015384
https://www.sciencedirect.com/science/article/pii/S2213343721015384
https://www.sciencedirect.com/science/article/pii/S0016236115001829
https://www.sciencedirect.com/science/article/pii/S0016236115001829
https://www.sciencedirect.com/science/article/pii/S0016236115001829
https://www.sciencedirect.com/science/article/pii/S1385894712007826
https://www.sciencedirect.com/science/article/pii/S1385894712007826
https://www.sciencedirect.com/science/article/pii/S1385894712007826
https://www.sciencedirect.com/science/article/pii/S1385894712007826
https://www.amazon.com/Municipal-Landfill-Management-Environmental-Engineering/dp/3030502147
https://www.amazon.com/Municipal-Landfill-Management-Environmental-Engineering/dp/3030502147
https://www.nsmsi.ir/article_28225.html?lang=en
https://www.nsmsi.ir/article_28225.html?lang=en
https://www.nsmsi.ir/article_28225.html?lang=en
https://www.nsmsi.ir/article_28225.html?lang=en
https://www.nsmsi.ir/article_28225.html?lang=en
https://www.mdpi.com/2076-3298/5/6/72#:~:text=In terms of pyrolytic atmosphere,%25 and 32.7%25%2C respectively.
https://www.mdpi.com/2076-3298/5/6/72#:~:text=In terms of pyrolytic atmosphere,%25 and 32.7%25%2C respectively.
https://www.mdpi.com/2076-3298/5/6/72#:~:text=In terms of pyrolytic atmosphere,%25 and 32.7%25%2C respectively.
https://www.mdpi.com/2076-3298/5/6/72#:~:text=In terms of pyrolytic atmosphere,%25 and 32.7%25%2C respectively.
https://www.mdpi.com/2076-3298/5/6/72#:~:text=In terms of pyrolytic atmosphere,%25 and 32.7%25%2C respectively.
https://www.sciencedirect.com/science/article/pii/S0016236113000057
https://www.sciencedirect.com/science/article/pii/S0016236113000057
https://www.sciencedirect.com/science/article/pii/S0016236113000057
https://www.sciencedirect.com/science/article/pii/S0016236113000057
https://www.sciencedirect.com/science/article/pii/S0016236113000057
https://www.sciencedirect.com/science/article/pii/0016236196000348
https://www.sciencedirect.com/science/article/pii/0016236196000348
https://www.sciencedirect.com/science/article/pii/0016236196000348
https://www.sciencedirect.com/science/article/pii/0016236196000348
https://www.sciencedirect.com/science/article/pii/0016236196000348
https://www.gjesm.net/article_706328.html
https://www.gjesm.net/article_706328.html
https://www.gjesm.net/article_706328.html
https://www.gjesm.net/article_706328.html
https://jpoll.ut.ac.ir/article_91954_689f0b0cd319ef069ce2ba80efe7307e.pdf
https://jpoll.ut.ac.ir/article_91954_689f0b0cd319ef069ce2ba80efe7307e.pdf
https://jpoll.ut.ac.ir/article_91954_689f0b0cd319ef069ce2ba80efe7307e.pdf
https://jpoll.ut.ac.ir/article_91954_689f0b0cd319ef069ce2ba80efe7307e.pdf
https://www.tandfonline.com/doi/abs/10.1080/19392699.2019.1594793
https://www.tandfonline.com/doi/abs/10.1080/19392699.2019.1594793
https://www.tandfonline.com/doi/abs/10.1080/19392699.2019.1594793
https://www.tandfonline.com/doi/abs/10.1080/19392699.2019.1594793
https://www.tandfonline.com/doi/abs/10.1080/19392699.2019.1594793
https://pubs.rsc.org/en/content/articlelanding/2018/gc/c8gc01539b
https://pubs.rsc.org/en/content/articlelanding/2018/gc/c8gc01539b
https://pubs.rsc.org/en/content/articlelanding/2018/gc/c8gc01539b
https://pubs.rsc.org/en/content/articlelanding/2018/gc/c8gc01539b
https://www.sciencedirect.com/science/article/pii/S0016236122039850
https://www.sciencedirect.com/science/article/pii/S0016236122039850
https://www.sciencedirect.com/science/article/pii/S0016236122039850
https://www.sciencedirect.com/science/article/pii/S0016236122039850
https://pubmed.ncbi.nlm.nih.gov/12916844/
https://pubmed.ncbi.nlm.nih.gov/12916844/
https://pubmed.ncbi.nlm.nih.gov/12916844/
https://link.springer.com/article/10.1007/s10163-017-0674-5
https://link.springer.com/article/10.1007/s10163-017-0674-5
https://link.springer.com/article/10.1007/s10163-017-0674-5
https://link.springer.com/article/10.1007/s10163-017-0674-5

COPYRIGHTS

©2024 The author(s). This is an open access article distributed under the terms of the Creative Commons @
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long
BY

as the original authors and source are cited. No permission is required from the authors or the publishers.

HOW TO CITE THIS ARTICLE

Pazoki, A.; Ghasemzadeh, R.; Barikani, M.; Pazoki, M., (2024). Investigating the impact of process
parameters on waste tire pyrolysis and characterizing the resultant chars and oils. Int. J. Hum. Capital Urban
Manage., 9(3): 509-520.

DOI: 10.22034/1JHCUM.2024.03.10
URL: https://www.ijhcum.net/article_711669.html

520



http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22034/IJHCUM.2024.03.10

	Investigating the impact of process parameters on waste tire pyrolysis and characterizing the result
	Abstract
	Keywords
	INTRODUCTION
	MATERIALS AND METHODS 
	Feedstock preparation 
	Pyrolysis process 
	Analysis and characterization 

	RESULTS AND DISCUSSION 
	TGA experiments 
	Effect of temperature 
	Effect of residence time 
	FTIR analysis 
	Detailed Hydrocarbon analysis 
	Calorific value 

	CONCLUSION
	AUTHOR CONTRIBUTIONS 
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST 
	PUBLISHER’S NOTE 
	ABBREVIATIONS (NOMENCLATURE) 
	REFERENCES


