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Abstract

This review evaluates the |effects of four key parameters-pyrolysis
-on waste-tire
ile increasing the

temperature, heating rate, vapor residénice fiine cdeto
pyrolysis. At 5002 il yield of 43.6 ,
temperature duced oil yield §0' 2686 wt.%\and in d gas yield to

33.5 wt.%. I i ating rfate from 5 to 25 °C min-! decreased oil yield
from 54.8 to . ereas gas yield increased from 7.24 to 18.04 wt.%.
These results that operating conditions strongly control product
distribution and physicochemical properties. The optimal conditions therefore
depend on the targeted recovery ofloil, gas, or carbonaceous products.
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1. Introduction

The increasing generation of end-of-life tires (ELTs) has created both
environmental challenges and opportunities for resource recovery [1]. Because
tire materials are highly cross-linked and resistant to natural degradation,

conventional disposal methods can result in long-term accumulation and loss of
valuable carbonaceous and hydrocarbon resources [2]. Pyrolysis has therefore
attracted considerable attention as a thermochemical conversion route capable of
transforming waste tires into three principal product fractions: liquid oil, non-
condensable gas, and solid char/recovered carbon black [3].

The distribution and physicochemical properties of these products are
strongly dependent on operating conditions [4]. Previous studies have
demonstrated that pyrolysis temperature, heating rate, vapor residence time, and

reactor configuration can substantially influence the decomposition pathways of
natural rubber, styrene-butadiene rubber, and polybutadiene rubber and
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consequently determine product yield and composition [5]. Increasing
temperature generally promotes deeper thermal decomposition and secondary
cracking, whereas heating rate affects the rate of volatile evolution and heat
transfer within tire particles. Similarly, vapor residence time can influence
secondary reactions of primary pyrolysis vapors, while reactor configuration
determines heat and mass transfer, vapor-solid contact, and separation of
primary products [6].

2. Materials and Methods

A systematic literature review was conducted to evaluate the effects of
pyrolysis temperature, heating rate, vapor residence time, and reactor type on the
yield and physicochemical properties of waste-tire pyrolysis products. Relevant
peer-reviewed studies published between 2015 and 2026 were collected from
major scientific databases using combinations of the keywords waste tire
pyrolysis, pyrolysis temperature, heliting rate, vapor residence time, reactor type,

pyrolysis oil, pyrolysis gas, and pyrolysis\@hansth tullies'were screened
according to vance and avai ' efiinental data, and
information characteriStics ™ opere C ions, reactor

, and physicochemical properties was extracted. The
reported res equently compared to determine the influence of
individual proc eters and their interactions on liquid, gas, and solid
product formation. Particular attention was given to oil composition, calorific
value, density, viscosity, sulfur content, gas composition, and the structural and

surface properties of the solid residue.

3. Result and Discussion

The literature analysis demonstrates that the operating parameters of waste-
tire pyrolysis strongly affect both product distribution and product quality.
Temperature is generally the dominant parameter because it controls the extent
of rubber decomposition and secondary cracking reactions. At moderate
temperatures, decomposition of the main rubber fractions promotes the
formation of condensable hydrocarbons, whereas further temperature increases
enhance secondary cracking of pyrolysis vapors and generally increase gas
formation. Heating rate also affects volatile release and heat-transfer behavior,
while vapor residence time determines the extent of secondary reactions. Reactor
configuration is particularly important because it controls heat and mass transfer
and therefore influences the actual thermal history of the tire particles and

vapors.
Table 1.
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Effect of major pyrolysis parameters on waste-tire product distribution

Pyrolysis Heating Residence | Oil yield C.har G.as
temperature rate time (s) (WE%) yield yield
(°C) (°C/min) (wt.%) | (wt.%)
400 14 90 27.0 58.7 14.3
450 14 90 38.4 45.8 15.8
500 14 90 43.6 39.9 16.5
550 14 90 42.6 40.0 17.4
600 14 90 40.0 39.9 20.1
650 14 90 37.3 40.0 22.7
700 14 90 32.1 39.9 28.0
750 14 90 26.6 39.9 335

As shown in Table 1, temperature and vapor residence time have closely
related effects, because both can de '
At sufficiently high temperature or|lon

of secondary reactions.

primary pyrolysis

vapors under nal crack pcarbons and
permanent g t the expense of dpid heating and
efficient rem an favpr the recovery of primary volatile products.
Consequently, imi oil yield does not necessarily require the highest

possible temper ather, an| appropriate combination of temperature,
heating rate, and vapor residence time is required. Reactor design further
modifies these relationships by determining how rapidly heat reaches the tire
particles and how long the generated vapors remain in the hot reaction zone.

Table 2.
Influence of pyrolysis conditions on the physicochemical properties of
products
Heatin 0il Gas Char
Reactor | Temperatur | g rate | Vapor yield |yield |yield
type e (°C) (°C residence time | (Wt.% | (Wt.% | (Wt.%
min~") ) ) )
Fixed- | g5 5 : 548 |7.24 380
bed
Fixed-
xe€ 1800 10 : 51.0 |109 |38.0
bed
Fixed-
xed- | 850 15 : 476 |144 [380
bed
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Fixed- | 019 20 i 451 |169 |38.0
bed
Fixed- | 509 25 i 430 |18.04 |38.0
bed
Vacuu
L 1l

m 600 ] ong/controlle | oo 168 |38
d vacuum

reactor

R

orary | ¢q i 30 min 670 |- 33.0

Kiln

Fixed- 31.6-

400-460 i i 36-62 | 2.8-17
bed 51

The physicochemical properties of the products are therefore closely
connected with product distribution. Pyrolysis oil is particularly sensitive to
temperature and vapor residence time because secondary cracking can change its
molecular-weight distribution and i f lighter and
aromatic comp s formation b : ificant under severe
thermal co progressive
devolatilizati ization. For char and recovered carbon black,
increasing te n reduce volatile matter and modify surface
characteristics, a e inorganic ash fraction originating from tire additives
remains an important limitation. Overall, the literature indicates that
optimization should be based not only on maximizing the yield of one product but
also on achieving the required quality and composition of oil, gas, and

carbonaceous solid products simultaneously.

Conclusion

The literature analysis confirms that pyrolysis temperature, heating rate,
vapor residence time, and reactor type are the key parameters controlling waste-
tire pyrolysis. The reviewed experimental data show that oil production generally
reaches an optimum at intermediate temperatures; for example, an oil yield of
43.6 wt.% was obtained at 500 °C, while increasing the temperature to 750 °C
reduced the oil yield to 26.6 wt.% and increased gas yield to 33.5 wt.%. Heating
rate also significantly affected product distribution: increasing the heating rate
from 5 to 25 °C min-! decreased oil yield from 54.8 to 43.0 wt.%, while gas yield
increased from 7.24 to 18.04 wt.%.
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