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a b s t r a c t

The flash pyrolysis of waste truck-tyres was studied in a conical spouted bed reactor (CSBR) operating in
continuous regime. The influence of temperature on product distribution was analysed in the 425–575 �C
range. A detailed characterization of the pyrolysis products was carried out in order to assess their most
feasible application. Moreover, special attention was paid to the sulphur distribution among the products.
The analysis of gaseous products was carried out using a micro-GC and the tyre pyrolysis oil (TPO) by
means of GC-FID using peak areas for quantification, with GC/MS for identification and elemental anal-
ysis. Finally, the char was subjected to elemental analysis and surface characterization. According to
the results, 475 �C is an appropriate temperature for the pyrolysis of waste tyres, given that it ensures
total devolatilisation of tyre rubber and a high TPO yield, 58.2 wt.%. Moreover, the quality of the oil is
optimum at this temperature, especially in terms of high concentrations of valuable chemicals, such as
limonene. An increase in temperature to 575 �C reduced the TPO yield to 53.9 wt.% and substantially
changed its chemical composition by increasing the aromatic content. However, the quality of the recov-
ered char was improved at high temperatures.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Polymers have become a basic product that guarantee the cur-
rent standard quality of living. Among them, and due to the grow-
ing transport necessities of modern societies, a continuous increase
in the use of rubbers for tyre production has been reported [1].
According to recent estimations, the annual global tyre production
is around 1.4 billion units [2], which means one car tyre is approx-
imately discarded per inhabitant per year in developed countries.
Moreover, around 4 billion waste tyres are currently in landfills
worldwide [3].

Therefore, proper waste tyre management represents a major
environmental challenge, since the inappropriate disposal of this
non-biodegradable polymer could lead to significant issues. Acci-
dental fires are especially risky due to the emissions of hazardous
compounds and the great difficulty of their extinction [3]. More-
over, dumped waste tyres promote breeding of various pests and
insects.

Due to the relatively high heating value of waste tyres, direct
combustion may be a promising energy recovery route, but this
alternative faces significant restrictions due to the emissions of
polycyclic aromatic hydrocarbons (PAHs), dioxins and particulate
matter [4]. Accordingly, valorisation of waste tyres by pyrolysis
has gained increasing attention over the last years due to its envi-
ronmental and economic advantages [5]. More recently, the co-
pyrolysis of waste tyres with other residues has also been regarded
as a promising valorisation route [6,7].

The pyrolysis or thermal degradation under inert conditions of
waste tyres gives way to three main products; gases, tyre pyrolysis
oil (TPO) and residual pyrolysis char. The gases produced from
waste tyres are mainly made up of hydrocarbons and some H2,
CO2, CO and H2S. Consequently, their main interest is energy pro-
duction given that their heating value is high, usually above
35 MJ m�3 [1]. Gas fraction yield is enhanced at high temperatures
and long residence times, as these conditions maximize secondary
cracking at the expense of TPO. The main product obtained in the
pyrolysis of waste tyres is the TPO, being a complex mixture of ali-
phatic and aromatic hydrocarbons and heteroatomic compounds
[8]. This oil contains interesting chemicals in high concentration,
in particular dl-limonene, if produced under suitable pyrolysis con-
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ditions [9]. Limonene is a valuable chemical and its market price is
estimated at US$ 2 kg�1 [9]. The TPO can be used directly as a fuel,
be it with someminor limitations, mostly related to its sulphur and
aromatics content. However, its upgrading in existing refinery
units allows overcoming these limitations [5]. The char derived
from waste tyres consists of the carbon black added to tyre formu-
lation, with varying adulteration degrees, depending on the pyrol-
ysis conditions. In spite of the fact that its direct re-utilization is an
attractive option, its sulphur and ash contents, as well as its mor-
phology, particle size distribution and porosity, are far from com-
mercial carbon black specifications [10].

A wide range of reactor configurations have been applied to the
pyrolysis of waste tyres. Fixed bed reactors operating in batch
regime have been commonly used in the literature [11–14].
Despite their simple design and operation, this technology involves
serious drawbacks for its large-scale development. Fluidised bed
reactors are a more appropriate alternative for waste tyre pyroly-
sis, as they ease continuous operation and process scale-up. More-
over, their operation under fast pyrolysis conditions improves TPO
yield [1,3]. Therefore, this technology has been widely used in the
literature [15–17]. Another commonly proposed reactor design is
rotary kiln since it allows good control of the process variables,
especially waste tyre residence time in the reactor [18–20].

The conical spouted bed reactor (CSBR) has demonstrated ade-
quate performance in the pyrolysis of different waste materials
[21–25]. This reactor is characterized by its vigorous solid circula-
tion, which allows operating under isothermal condition, with
almost perfectly mixed regime for the solid and high heat and mass
transfer rates. Accordingly, the CSBR allows for handling sticky and
irregular materials without operational problems. This versatility
for handling solids of different nature makes the CSBR suitable
for the utilization of a catalyst in situ, as was demonstrated in pre-
vious studies dealing with catalytic pyrolysis of waste tyres
[26,27]. Moreover, its short residence time for volatiles minimises
secondary reactions in the gas phase, which enhances oil produc-
tion in pyrolysis processes [21,25]. The main advantages and draw-
backs of the CSBR in relation to other pyrolysis technologies have
been discussed in detail elsewhere [28].

In the present study, continuous pyrolysis of waste truck-tyres
was performed in a CSBR fitted with a non-porous draft tube. The
use of the draft tube significantly improved spouting regime per-
formance, given that bed stability was increased and fluidizing
gas requirements reduced [29]. In fact, its use is critical for the
full-scale application of the spouted bed technology. The main
aim was to determine the influence of temperature on product
yields and their composition, with the intention of determining
their most suitable application. Thus, a sulphur mass balance has
been carried out to determine its distribution among pyrolysis
products and the limitations caused by its content on their possible
uses. In addition, the results were compared with those in a previ-
ous study carried out in a fixed bed reactor operated at the same
pyrolysis temperature [13]. Given that in both studies the same
tyre material was used, the influence of pyrolysis conditions, spe-
cially heating rate and residence time, on process performance
can be determined. Furthermore, the interest and originality of
the study lies in the use of waste truck-tyre as they have a different
composition in relation to the more studied light vehicle tyres.

2. Experimental section

2.1. Equipment

Continuous tyre pyrolysis runs were carried out in a bench scale
plant, whose scheme is shown in Fig. 1. The main component of the
plant is the CSBR, whose design is based on the prior application of

this technology to the pyrolysis and gasification of different solid
wastes, such as biomass [21,22,30], plastics [23,31] and waste
tyres [24,25]. The spouted bed reactor was heated by a two-
independent section radiant oven that provides the heat to operate
up to 900 �C. The lower section of the oven was used to preheat the
gas and the upper section to heat the CSBR. The temperature in
each section was controlled by means of thermocouples located
inside the gaseous stream and in the silica sand bed, in the lower
and higher sections, respectively.

The detailed design and dimensions of the CSBR are shown in
Fig. 2 and are as follows: an upper diameter of 95 mm, a cone
height of 150 mm, a conical angle of 30� and a reactor total height
of 430 mm. The base diameter is 20 mm and that of the gas inlet is
8 mm. The reactor allows for using draft tubes of different designs
in order to fine-tune the spouting regime characteristics and
improve its stability [32,33]. The design and main dimensions of
that used in the present study are shown in Fig. 2. The draft tube
used in this study has an internal diameter of 10 mm, a total height
of 85 mm and the height of the entrainment zone is 15 mm. This
latter parameter is particularly important as it controls the solid
circulation rate in the reactor [29,33].

The reactor together with the gas stream cleaning devices is
located within a forced convection oven maintained at 300 �C to
avoid the condensation of pyrolysis products before the condensa-
tion system. The gas cleaning system is made up of a high-
efficiency cyclone and a sintered steel filter (5 lm), which ensure
the retention of fine char entrained from the bed. The fluidizing
gas used in the experiments was nitrogen in order to ensure inert
conditions, and its flow rate was measured by means of a mass
flow meter (Brooks SLA5800).

The plant is provided with a system for continuous tyre rubber
feeding, which consists of a cylindrical vessel equipped with a ver-
tical shaft connected to a piston placed below the tyre material.
The tyre was fed into the reactor by raising the piston at the same
time as the whole system was vibrated by an electric engine. In
order to avoid pyrolysis vapours entering into the feeding system,
a small nitrogen flow rate was introduced into the feeder. The feed
rate can be adjusted from 0.5 to 8 g min�1, by varying the piston
raising velocity, while the total feeding capacity is around 1 kg of
tyre rubber. The feeding pipe was cooled with tap water to avoid
premature pyrolysis of the feed material, which could lead to pipe
clogging.

The product stream leaving the forced convection oven circu-
lated through the volatile condensation system consisting of a con-
denser connected to a stainless steel filter. The condenser is a
double-shell tube cooled by tap water. The condensed stream
was then introduced into a steel filter that allows retaining fine
TPO droplets from the gas. The TPO was collected in the tank where
the filter is located. Finally the gases were filtered by coalescence
filters in order to ensure they were clean prior to micro-gas chro-
matograph (micro-GC) analysis.

2.2. Experimental conditions

In the pyrolysis runs, the CSBR contained 150 g of silica sand in
order to ensure suitable heat transfer to the tyre rubber, with the
sand particle size being between 0.3 and 0.8 mm. Nitrogen flow
rate was 8 L min�1 in all the experiments, which is approximately
1.5 times that corresponding to the minimum spouting velocity
[32]. These conditions guarantee a vigorous solid circulation in
the reactor and accordingly suitable heat transfer conditions. The
pyrolysis runs were carried out in continuous regime by feeding
1.3 g min�1 of tyre rubber. The effect of temperature on pyrolysis
product distribution was studied in the 425–575 �C range. The
duration of each experiment was of around 30 min in order to
ensure operation under steady state conditions and reproducibility

524 G. Lopez et al. / Energy Conversion and Management 142 (2017) 523–532



Download English Version:

https://daneshyari.com/en/article/5012842

Download Persian Version:

https://daneshyari.com/article/5012842

Daneshyari.com

https://daneshyari.com/en/article/5012842
https://daneshyari.com/article/5012842
https://daneshyari.com

