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Catalytic co-pyrolysis of polymeric waste and
biomass as the method for energy and ecology
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In Russia combustion remains the main method of tire
disposal [3]. However this process involves a lot of problems.
Burning of tires results in the formation of such chemicals as
biphenyl, anthracene, fluorine, pyrene, benz(α)pyrene, which
become the main hazard for humans while going into the
atmosphere. Two of these compounds – biphenyl and
benz(α)pyrene are the strongest carcinogens. Dumped or
buried automobile tires decompose for minimum 100 years
under the natural conditions. The contact of tires with rainfall
and ground waters leads to the leaching of numeral toxic
organic
compounds:
diphenylamine,
dibutylphthalate,
phenantrene etc., which contaminate the soil. Furthermore
rubber is a macromolecular substance and it belongs to
thermoreactive polymers which unlike thermoplastics can not
be processed at a high temperature. This fact accounts for the
problem of reusing rubber waste [4].
In the more developed countries (USA, Japan, Germany,
Switzerland etc.) for a long time semi-production experimental
plants (with the capacity of 7…15 thousand tons of the raw
materials per year) have been used for the pyrolysis of waste
tires [2].
While processing the organic wastes there can be obtained a
combustible gas [5-10], a gaseous raw material (syn-gas) for
the synthesis of liquid fuel (Fisher-Tropsch synthesis) [11-13]
and methanol synthesis [14], liquid fuel and solid carbon
residue [15-17].
Lately, great attention has been paid to the search of the
methods of the increase of pyrolysis process effectiveness to
raise the yield of liquid and gaseous products. For this purpose
different catalysts such as Ni chlorides and nitrates [18], alkali
and alkaline-earth metal oxides and carbonates [5, 6, 19],
cuprum salts [20], zeolites [19, 21] are widely used. The latest
research in the field of thermodestruction of polymeric waste
is devoted to the study of co-pyrolysis of polymers and
biomass [22-27] both in the case of non-catalytic process [2224] and in the presence of zeolites [25], Ni-Mo catalysts [25],
Red Mud and ReUS-Y catalysts [26].
We have recently studied catalytic co-pyrolysis process of
biomass (peat) and oil-containing waste using both
aluminosilicates and metal chlorides. It was revealed that the
addition of bentonite clay allowed increasing the yield of
gaseous and liquid products by 8 and 10% respectively [28].
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I. INTRODUCTION

A

T present, one of the significant results of anthropogenic
influence on nature is the formation of a great amount of
solid domestic wastes, particularly polymers, which are
characterized by the stability to the natural degradation.
Polymeric waste is approximately twelve per cent of the total
domestic waste and its amount is constantly growing. The
main type of consumption polymeric waste used tires [1, 2].
Taking into account the development of modern industry the
production of polymers annually increases by 5-6%. One of
such polymers is diene rubber which is used in different fields
of industry. In the world half of the produced synthetic and
natural rubbers (more than 15 billion tons per year) is
consumed by automobile tires production. Finally all the
produced tires become waste after some time. In Russia the
annual volume of the discarded tires is estimated at over 1
billion tons [3]
In the world there are different technologies of waste and
worn-out automobile tires processing. These techniques
provide the use of rubber waste for energy generation through
the combustion, as well as the chopping of tires to produce
rubber crump, rubber powder and reclaimed rubber [4-9].
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So in this work we studied co-pyrolysis of rubber waste and
biomass (peat) to investigate the influence of catalysts on copyrolysis products yield.
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calculation of the activation energy were done using
thermogravimetric analysis and differential scanning
calorymetry methods according to the method of FreemanCarroll.

II. EXPERIMENTAL
III. RESULTS AND DISCUSSION

T

O study the process of co-pyrolysis of biomass and
polymeric cord the samples of eriophorum-sphagnum peat
with 30% degree of composition and ash content 5% were
used. The polymeric cord was divided into fractions by
mechanic separation of rubber (51.6%) and polymeric fibers
(48.4%).
The chlorides of iron subgroup metals were used as
catalysts in the co-pyrolysis process. The catalytic activity of
chlorides of transition metals in the processes of temperature
decomposition of organic polymeric compounds is well known
[29, 30]. The ions of iron subgroup metals promote the
increase of the reaction rate of C-C bond breaking making
possible the formation of light hydrocarbons with high
calorific value.
Co-pyrolysis process
The co-pyrolysis process of polymeric cord and peat was
carried out in the designed laboratory unit shown in Fig. 1.
The laboratory setup consists of a stationary steel-batch reactor
(1), electrical heater (2) equipped with heat controller with
patch thermocouple. The heating maximum is 1000 ºС.
Reactor is equipped with a sampler (3), hydrolock (4), and a
hoses system used for the transportation and collection of
gaseous products in the eudiometer.

I

NFLUENCE of the catalysts on the products yield
The use of catalysts in the process of temperature
decomposition of organic materials is firstly focused on the
increase of the yield of liquid and gaseous products used as
fuels.
The solid carbon-containing residue yield of peat and
polymeric cord co-pyrolysis obtained in the temperature range
350 – 600ºС is shown in Fig. 2.
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Fig. 2 the dependence of co-pyrolysis solid residue yield on
the process temperature for the investigated catalysts and noncatalytic process
The catalytic activity of metal chlorides in the peat and
polymeric cord co-pyrolysis (regarding the decrease of the
solid residue yield) increased in the row FeCl2 → CoCl2 →
NiCl2.
However the activity presented does not affect the gaseous
hydrocarbons formation. The highest yield of the combustible
gases was observed while using cobalt chloride as the catalyst
(Table 1).
Table 1. The dependence of the weight distribution of peat
and polymeric cord co-pyrolysis products on the reaction
temperature
T,º
Products,
nonFeCl2 CoCl2 NiCl2
C
%(wt.)
catalytic
2%
2%
2%
gas
12.4
13.5
15.1
16.2
400
liquid
22.1
27.2
31.5
32.8
solid
65.5
59.3
51.4
51.0
gas
16.5
18.1
20.3
20.8
450
liquid
32.3
37.2
39.1
40.2
solid
51.2
44.7
39.6
39.0
gas
18.1
19.4
21.1
21.6
500
liquid
38.3
39.3
40.2
41.9
solid
43.6
41.3
38.7
37.5
gas
20.2
21.5
23.0
23.0
600
liquid
43.4
42.5
41.7
42.5

Fig.1 experimental setup for the co-pyrolysis process
The co-pyrolysis process study was conducted in one step
for 100 minutes varying both temperature (in the range 350 –
600 оС) and the catalyst concentration
Analysis
During the experiments the masses of solid, liquid and
gaseous products were determined, also the qualitative and
quantitative analysis of the pyrolysis gaseous products mixture
was done.
The gaseous products analysis was carried out using
analytical complex on the base of gas chromatograph [31].
The catalytic influence of metal chlorides was evaluated
using the total amount of the obtained gases and the heat of
combustion of the gaseous products.
The kinetic modelling of the co-pyrolysis process and the
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Influence of the catalysts and temperature on the gaseous
products calorific value
One of the key parameters which allow estimating the
qualitative characteristics of the gaseous fuels is the calorific
value of the gaseous mixture. The dependence of volumetric
calorific value of co-pyrolysis gaseous products on the catalyst
type and temperature is shown in Fig. 3.
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Fig. 4 the calorific value of co-pyrolysis gaseous products
dependence on cobalt chloride concentration
The increase in the catalyst concentration resulted in the
decrease of the lower calorific value of the gas. This fact can
be explained by the increase in the low molecular weight
gaseous hydrocarbons yield.
The total composition of co-pyrolysis gaseous products
depending on cobalt chloride concentration is shown in Fig. 5.
Fig. 3 the dependence of volumetric calorific value of copyrolysis gaseous products on the catalyst type and
temperature
While using the chlorides of iron subgroup metals the total
calorific value of the gaseous products increased and reached
out the constant at a temperature 450 ºС. In the case of noncatalytic process the total calorific value of the gaseous
products increased with the increase of co-pyrolysis process
temperature across the studied temperature range (Fig. 3).
Basing on the value of the total calorific value of the copyrolysis gas in the studied temperature range the experiments
can be ranged as the following: CoCl2 > NiCl2 > FeCl2 > noncatalytic process.
The influence of the catalysts on the total calorific value of
the co-pyrolysis gases decreases with the increase in the
process temperature up to over 500 °С and at 600 °С the
difference in the values of the heat of combustion of gaseous
products in the case of non-catalytic process is insufficient.
Influence of the catalyst concentration on the calorific
value of the gaseous products
The influence of the catalyst concentration on the calorific
value of gaseous products of peat and polymeric cord copyrolysis is shown in Fig. 4.
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Fig. 5 the gaseous phase composition in dependence to CoCl2
As it was noted the use of cobalt chloride leads to the
increase in the formation of C1-C4 hydrocarbons, hydrogen and
carbon oxide (II). The use of this catalyst also allowed
decreasing carbon oxide (IV) formation. However the increase
in CoCl2 concentration over 2% did not affect hydrocarbons
concentration.
Therefore the increase in the catalyst concentration over
2% (wt.) is uneconomical because the calorific value does not
practically increase with the catalyst concentration increase.
Influence of the temperature on peat and polymeric cord
co-pyrolysis process
To explain the obtained experimental data on calorific
value of gaseous products of peat and used automobile tires
polymeric cord co-pyrolysis it is necessary to study the
composition of the gaseous products. The dependence of the
obtained gaseous mixture components volumes on the
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temperature of both non-catalytic process and in the presence
of CoCl2 is shown as a diagram in Fig. 6 and 7.
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order and rate constant, which are the parameters, needed for
the quantitative characterization of thermodestruction, in this
case are the relative characteristics presenting the sum of
chemical transformations.
The results of modelling with the use of Freeman-Carroll
method showed that peat and polymeric waste co-pyrolysis
process with the formation of gaseous products is well
described by the equation of chemical kinetics with fractional
order (1):
d ω / dt = k [ω0]n (1)
where: [ω] – mass fraction of gaseous products;
t – process time , min;
k – reaction rate constant, s-1;
[ω0] – mass fraction of substrate;
n – reaction order.
According to the data calculated on the base of
thermogravimetric analysis the total reaction order for noncatalytic process is equal to 1.78 (~2); and for the process in
the presence of cobalt chloride – 1.07 (~1).
The calculation of the Arrhenius parameters of
thermodestruction process was done using Freeman-Carroll
method. The values of kinetic parameters of the process and
thermodestruction rate constants at 450 ºС for all the studied
samples are shown in Table 2.

Fig. 6 The gas phase composition depending on the
temperature for a non-catalytic process

Table 2. Kinetic parameters of the processes of combined
thermal destruction of polymeric cord and peat
Non-catalytic
In the presence of
Kinetic parameter
process
CoCl2 2%
k at 450 ºС
Eact, kJ/mol

37.34
138

130.52
104

Pre-exponential
factor

3.98·1011

4.34·109

Reaction order

2

1

Fig. 7 the gas phase composition depending on the temperature
in the presence of cobalt chloride (2% (wt.))
IV. CONCLUSION
Analyzing the total composition of co-pyrolysis gaseous
products composition obtained during both non-catalytic and
catalytic processes at the same temperature it should be noted
that the use of cobalt chloride leads to the formation of higher
volumes of С1 – С4 hydrocarbons and carbon monoxide in
comparison with a non-catalytic process.
While using cobalt chloride as the catalyst the significant
increase in hydrocarbons, hydrogen and carbon oxide (II) in a
temperature range 350 - 450 °С was observed. The further
increase in the temperature of the catalytic process over 450
°С did not lead to the significant increase in hydrogen and
hydrocarbons volume.
Activation energy estimation of peat and polymeric cord
co-pyrolysis
The thermal destruction process is a sum of different
chemical reactions so the total rate of the weight loss and the
rate of destruction light products emission reflect the
summarized process. As the result of this fact the reaction
ISSN: 2308-1007

T

HE use of the combined pyrolysis process of polymeric
waste and biomass allows sufficiently increasing
thermodestruction process rate and raising liquid and gaseous
products yield. The application of chlorides of iron subgroup
metals can lead to the increase in the yield (up to 25%) of
gaseous products with high calorific value. The addition of
cobalt chloride with the concentration of 2% (wt.) at the
process temperature 450 оС was an optimum concerning the
substrate conversion and allowed decreasing the apparent
activation energy of the organogenic raw material
thermodestruction process by 30 kJs/mol compared to a noncatalytic process.
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