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Abstract. A low-temperature pyrolysis, the target product
of which is pyrocondensate, is one of the options for the
recycling used tires. The fractional composition and
properties of pyrocondensate of rubber waste pyrolysis
obtained at an industrial plant have been studied. The
pyrocondensate was separated into gasoline, diesel
fraction and residue. The composition and properties of
obtained products were determined using X-ray
fluorescence analysis and IR spectroscopic studies.
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1. Introduction

Modern requirements for hydrocarbons-based
products demand the expansion of their production.’ In
recent years, the by-products of monomers production **
and coal coking’ have been used as raw materials for the
production of polymers (resins). The main liquid by-
products obtained during the hydrocarbons pyrolysis to
ethylene and propylene, are pyrocondensate and heavy
resin, the yield of which wvaries between 25-30 %.
Pyrocondensate is usually divided into Cs, benzene-
toluene-xylene (BTX) and Cg-Cy fractions.” The Cs fraction
contains mainly diene hydrocarbons, in particular isoprene,
cyclodiene and piperylenes. The content of such products,
depending on the technolo%ical parameters of the process,
can be from 50 to 75 %.>> The BTX fraction is used to
produce individual aromatic hydrocarbons (benzene,
toluene and xylenes). The Cs-Cy fraction, which consists of
5-60 % of unsaturated compounds, is used to obtain the so-
called petroleum polymer resins (PPR).> The main
unsaturated compounds in this fraction are: styrene (17—
27%), o-methylstyrene (2-5 %), vinyltoluene and
dicyclopentadiene (6-19 %), indene (8-20 %) and others.”™

In order to extend the application area of PPR,
especially for the creation of various composite materials,
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the researchers of Lviv Polytechnic National University
have conducted studies on improving the PPR
functionality.® For this purpose, PPR with epoxy,® '*'*
carboxy,” "*'® and hydroxy®"’ groups were synthesized.

Another interesting approach to the creation of new
polymers is the use of coal coking by-products.” These by-
products, in particular the light fraction, containing
indene, coumarone, styrene and other hydrocarbons. This
made it possible to create on its basis the indene-
coumarone resins with carboxy,® epoxy,”*' and
methacrylate® groups. The synthesized indene-coumarone
resins with functional groups are used as active additives
to improve the properties of petroleum bitumen.'

Today, apart from the by-products formed in the
industrial processing of carbon-containing materials, the
accumulation of rubber waste is an important problem.
The main type of rubber waste is used tires, which
accumulate in the world during the year up to 10 million
tons.”> Moist of the developed countries recycle 70-90 %
of such waste.” In Ukraine, the annual increase in used
tires is 250-300 thousand tons, and the level of their
exploitation does not exceed 10 %.***

There are several approaches to recycle the used
tires, in particular, the combustion of tires to produce
thermal energy,”® the tires grinding to produce a rubber
crumb, which is used as additives in construction”™*® and
for improvement of petroleum bitumen properties. "

Thermal methods of used tires recycling are
gasification and pyrolysis. The gasification process (or
high-temperature pyrolysis) is carried out at the
temperatures of 1073—-1473 K. Under such conditions, a
large number of gaseous products (which can be used as a
fuel gas or a synthesis gas) and a solid residue
(pyrocarbon) are formed.”'

The pyrolysis of used tires and other rubber waste
is carried out at a temperature of 723—773 K using batch
plant.’* A liquid product (pyrocondensate), pgfrolysis gas
and a solid residue (pyrocarbon) are formed.” Pyrolysis
pyrocondensate is mostly used as a furnace fuel. This
method is unprofitable, taking into account the relatively
low cost of this type of fuel. A detailed study on the
composition and properties of pyrocondensate would
make it possible to propose new directions of its use, in
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particular, for the production of hydrocarbons, which can
be attributed to gasoline and diesel fractions.

So, the aim of this work is to study the composition
and properties of pyrocondensate obtained via pyrolysis of
used tires and fractions extracted from it, as well as to find
the most rational way of their usage.

2. Experimental

2.1. Materials

The starting material was pyrocondensate obtained
from EcoPromGroup JSC (Lviv region, Ukraine).
Pyrocondensate is a black liquid with a characteristic
odor. Its characteristics is represented in Table 1.

Table 1. Characteristics of pyrocondensate

Index Value
Density, kg/m’ 927
Refractive index 1.4889
Sulfur content, wt% 1.59
Iodine value, gl,/100g 67.8
Pour point, K 249
Flash point, K
open cup 341
closed cup 314

2.2. Methods

Frationation of pyrocondensate. The pyrocon-
densate was fractionated into narrow fractions at the
laboratory setup under atmospheric pressure according to
the method described by Topilnytskyy er al** and
Rybak.”

Analyzes. All analyzes were performed according
to generally accepted standard methods.>*>°

X-ray fluorescence spectral analysis was performed
to determine the elemental composition of liquid and solid
pyrolysis products using a precision analyzer Elvax Light
SDD. IR spectroscopic studies of narrow fractions of
pyrocondensate were performed in a zinc selenide cuvette
of 0.1036 mm thick of Spectrum Two FT-IR spectrometer
(Perkin Elmer). The Spectrum v.10.03.06 software was
used to calculate the results.

3. Results and Discussion

In accordance with the characteristics presented in
Table 1 it is obvious that sulfur content and flash point of
pyrocondensate do not meet the requirements for furnace
or boiler fuel. A characteristic feature is also the absence
of a light gasoline fraction (boiling point is 357 K, Fig. 1).
A sufficiently high iodine value indicates the presence of
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unsaturated hydrocarbons, which are undesirable
components in all petroleum fuels (Table 1).

When fractionating pyrocondensate according to
the method described in subsection 2.2, we obtained the
fraction IBP-473 K, the fraction 473-573 K and the
residue, the characteristics of which are given in Table 2.

The fraction IBP-473 K is a clear dark brown
liquid with a characteristic odor. This fraction was found
to be characterized by a weighted fractional composition,
very low saturated vapor pressure and relatively high
density, as for gasoline. It contains 0.70 wt% of sulfur and
unsaturated hydrocarbons (Table 2) and corresponds to
the gasoline fraction.

The fraction 473-573 K is a cloudy dark brown liquid
with a characteristic odor. The formation of a precipitate is
observed. This fraction of pyrocondensate is characterized by
a very high sulfur content (1.75 wt%, Table 2). The cloud
point and pour point of this fraction meets the requirements
for summer diesel fuels. The same as for pyrocondensate and
the gasoline fraction extracted from it, the diesel fraction
contains unsaturated hydrocarbons.

The residue is a product that is visual reminiscent
of plastic lubricant. It contains a lot of sulfur and
unsaturated hydrocarbons and is characterized by a pour
point of 302 K (Table 2).

The content of individual chemical elements in the
pyrocondensate and narrow fractions extracted from it
was determined by X-ray fluorescence spectral analysis
(Table 3).

2731
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Fig. 1. Temperature distillation chart
of pyrocondensate of used tires pyrolysis

It was found that pyrocondensate and its fractions
contain traces of heavy metals (V, Ni) characteristic of
petroleum fractions and residues. Instead, Ca, Fe, Zn were
detected. Moreover, Fe and Zn are concentrated mainly in
the residue, and Ca — in the gasoline fraction. However,
the content of these metals is insignificant and cannot
pose a threat in the processing of individual fractions at
the classic refining units.
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Table 2. The composition and characteristics of the obtained products
Index Fraction IBP473 K Fraction 473-573 K Residue
Yield relative to pyrocondensate, wt% 36.6 43.4 20.0
Density, kg/m’ 837 920 978
Refractive index 1.4644 1.5135 1.5328
Saturated vapor pressure, kPa 52
Fractional composition, K:
IBP 353 468
10 % distilled at 383 488
50 % distilled at 416 537
90 % distilled at 458 567
EBP 478 577
Sulfur content, wt% 0.70 1.75 1.70
Iodine value, gl,/100g 49.5 74.8 68.7
Cloud point, K 263
Pour point, K 254 302
Flash point, K
open cup 388
closed cup 358 371
Ash content, % 0.865
Penetration (cone), 0.mmmm 246
Table 3. The content of individual chemical elements in the pyrocondensate and obtained products
Element content, ppm
Element . . .
Pyrocondensate Fraction IBP—473 K Fraction473-573 K Residue
Ca 17.6 31.9 13.5 16.4
\ <0.1 <0.1 <0.1 <0.1
Cr <1.7 <1.8 <1.7 <2.1
Mn <0.1 <0.1 <0.1 <0.1
Fe 22.1 <0.8 6.0 64.0
Ni <04 <04 <04 1.3
Cu 28.6 12.6 22.1 74.1
Zn 21.9 <03 322 58.2
Ba <0.1 <0.1 <0.1 <0.1
Mo 4.0 3.7 4.9 4.0
Pb <1.0 <1.0 <1.0 1.6
The largest amount of sulfur and unsaturated i
hydrocarbons was found in the diesel fraction of o
pyrocondensate (Table 2). The content of these substances &0
in the gasoline fraction and the residue is slightly lower. 3
To determine more accurately the hydrocarbon E 2
composition of pyrocondensate, the IR spectroscopy was 5
used. The results are shown in Fig. 2. =]
It is obvious that the pyrocondensate contains Eo
paraffin-naphthenic hydrocarbons (absorption bands at
2922, 2853, 1453 and 1375cm™). The presence of i
monocyclic aromatic hydrocarbons is confirmed by L0000 i) 000 TO00

absorption bands at 875 and 1610-1603 co'; the
polycyclic hydrocarbons are characterized by the bands at
900-695 cm’'. Olefin hydrocarbons can be identified by
absorption bands in the range of 1680-1603 cm™. The
presence of oxygen-containing compounds (ethers,
alcohols, acids) is confirmed by absorption bands in the
range of 11501032 cm™.

Wavenumber, em™

Fig. 2. IR spectrum of pyrocondensate after used tires pyrolysis

The determined quality indices will become the
further basis for the development of a wvariant of
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pyrocondensate rational use, namely the production of
commercial motor fuels.

Preliminary analysis of the obtained results showed
that the narrow fractions extracted from pyrocondensate
can not be used as components of commercial petroleum
fuels. These fractions must be pre-processed separately or
in a mixture with the appropriate petroleum fractions, but
the choice of their application requires further research.

4, Conclusions

The main properties of pyrocondensate of used
tires pyrolysis were studied. It was found that pyrocon-
densate contains a significant amount of unsaturated
hydrocarbons (iodine value is 67.8 gl,/100g) and sulfur
(1.59 wt%).

The composition and properties of narrow fractions
extracted from pyrocondensate were investigated. The
fraction IBP—473 K corresponds to the gasoline fraction,
has a weighted fractional composition (initial boiling
point is 353 K) and sulfur content of 0.70 wt%. The
fraction 473-573 K corresponds to the diesel fraction and
contains the largest amount of unsaturated hydrocarbons
(iodine value is 74.8 gl,/100g) and sulfur (1.75 wt%).

Virtually no heavy metals such as V or Ni,
characteristic for petroleum fractions and residues, were
found in pyrocondensate and its fractions. Instead, Ca, Fe
and Zn were detected. Moreover, Fe and Zn are
concentrated mainly in the residue of pyrocondensate
fractionation, and Ca is observed in the gasoline fraction.

It was established that pyrocondensate and narrow
fractions extracted from it cannot be used as marketable
products without further processing.
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TOCJIKEHHS CKJIAZY TA BJACTUBOCTEN
MIPOKOHIEHCATY MIPOJI3Y 3HOLIEHNX
ABTOMOBLIbHHUX IIWH

Anomayin. Oonum 3 eapianmie ymunizayii 3HOUEHUX ag6-
MOMOOIIBHUX WUH € HULKOMEMNEPAMYPHULL NIPONL3, UYilbOBUM
nPoOOYKmMom K020 € nipokonoencam. Busueno gparyiiinuii cknao i
611ACMUBOCHE NIPOKOHOEHCAMY NIPONIZY 2YMOGUX 8i0X00I8, Ompu-
MaHo2o Ha npomuciogiti yemarogyi. Ilpogedeno posoinenns nipo-
KoHOeHcamy Ha OeH3UHO8Y ma Ou3elbHy (OPAaKyilo i 3aIUUIOK.
Bcemanosneno cxknao ma enacmusocmi yux @paryii. Ilposederno
penmeenoghnyopecyenmuuil ananiz ma I49-cnekmpockoniuni dociio-
JiCeHH ST NiPOKOHOeHcamy i 8y3bKUX (ppaxyitl, BUOLIEHUX 3 HbO2O.

Knrouosei cnosa: snoweni agmomobinbHi wiuHu, ymunizayis,
niponis, nipokonOexcam, penmeenoguyopecyenmuuil ananiz, 14-
CNEeKmpPOCKONIs.



