EXPERIMENTAL STUDY OF CO-PYROLYSIS OF
POLYETHYLENE/SAWDUST MIXTURES

by

Cesar BERRUECO , Jesiis CEAMANOS, Ernesto ESPERANZA,
and Jose Francisco MASTRAL

Original scientific paper
UDC: 662.613/.63-912
BIBLID: 0354-9836, 8 (2004), 2, 65-80

A study of the behavior of the thermal decomposition of mixtures of biomass
and thermoplastics, such as polyethylene, is of interest for processes for the
thermal recovery of industrial and urban wastes such as pyrolysis or
gasification. No solid residue is formed during the thermal degradation of
pure polyethylene. However, the addition of biomass,which generates char,
can vary the product distribution and increase the heating value of the gas
obtained. A study of the thermal degradation of pine sawdust, polyethylene
and mixtures of polyethylene and pine sawdust has been carried out in a
fluidised bed reactor. Experiments were carried out at five different
temperatures: 640, 685, 730, 780, and 850 °C. The yields and composition
of the derived oil, wax, and gas were determined.

The addition of polyethylene increases the gas production and decreases
theproduction of waxes and liquids for the different temperatures tested.
The main gases produced from the co-pyrolysis process were, at low
temperatures, carbon monoxide, ethylene, carbon dioxide, propylene,
butadiene, methane and pentadiene, while at high temperatures the gas
composition changed drastically, the main components being carbon
monoxide (more than 33 wt.%), ethylene, methane, benzene and hydrogen.
The analysis of the liquid fraction shows a decrease of the concentration of
oxygenated and aliphatic compounds.

Key words: biomass, high density polyethylene, pyrolysis, fluidised bed
reactor

Introduction

Biomass and thermoplastic materials constitute an important fraction of munici-
pal solid waste. In twelve European countries the municipal solid wastes show an average
composition of 65% lignocellulosic materials and 15% polymeric materials. The residues
produced by intensive agriculture in greenhouses are also a mixture of vegetable and
plastic materials, basically polyethylene and polypropylene [1].

Important amounts of agricultural and forestal residues are generated which in-
dustrial activities do not take advantage of and which could constitute an important
source of energy. Plastic residues are not biodegradable and only a small fraction is recy-
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cled by the industry in question. Most of these products are buried in garbage dumps and
in some cases incinerated [2], although the recycling of these materials is now an
important alternative to landfill.

Moreover, polyolefines show very convenient characteristics for use in the pro-
duction of composite materials such as polymers reinforced with natural fibers. The in-
creasing use of these materials poses some important challenges for the thermal treatment
of biomass-plastic mixtures.

Thermochemical recovery processes allow the obtainment of combustible gases
and/or energy. Gasification and pyrolysis do not crease the environmental problems
caused by incineration, although the low energetic content of the gas obtained is a signifi-
cant disadvantage [3].

The thermal decomposition of pine sawdust and other lignocellulosic residues
has been studied in previous works, whim indicate that the thermal decomposition ranges
from approximately 200 °C to 400 °C in an inert atmosphere [4, 5] . Numerous studies on
the thermal decomposition of polyolefines and, in particular, polyethylene have been car-
ried out, especially in vacuum or inert atmosphere [6-22]. Polyolefinic materials such as
high density polyethylene (HDPE) show a different behavior to lignocellulosic materials.
Under pyrolysis conditions, the material decomposition starts at approximately 400 °C
and progresses very rapidly up to 450-470 °C without producing solid residue that could
be used as combustible for supplying energy to the global process. The use of mixtures of
biomass with other fuels of greater energetic content (coal or petroleum derived) in these
processes (co-pyrolysis or cogasification) substantially increases the value of the gas pro-
duced and the thermal efficiency of the process [23]. In addition, the use of a mixture of
renewable fuel with fossil or fossilderived fuels reduces the total CO, emissions and the
environmental impact.

Little is known about interactions of plastic with biomass [24]. In principle, the
possibility of a simultaneous degradation of biomass and HDPE is apparently difficult
given the different temperature ranges of decomposition of each material. Different
thermogravimetric studies suggest that, in general, lignocellulosic materials decompose
at a lower temperature than plastic materials [3, 24-26]. The thermal degradation of the
latter starts once the lignocellulosic material has been completely converted, implying
that no apparent interaction exists between the materials.

Some authors however, using different types of experimental systems have indi-
cated slight interactions, not yet well defined, but related with the presence of char gener-
ated during the biomass decomposition and to the interaction of the complex radical
mechanisms of the degradation of both materials [26]. The main differences observed are
that the maximum rate of decomposition of polyethylene decreased and the correspond-
ing temperature was slightly higher. The product distribution was also affected by the
presence of biomass char, the importance of this influence depending on the amount of
char formed in the degradation of the lignocellulosic material [26].

In this work, co-pyrolysis of high density polyethylene (HDPE) and sawdust
mixtures have been performed in a fluidised bed reactor, and the influences of the tem-
perature on the product distribution and on the gas composition have been studied, to-
gether with any synergetic effect between the materials.

66



Berrueco, C., et al.: Experimental Study of Co-Pyrolisis of Polyethylene/Sawdust ...

Experimental section
Materials

The results of the proximate and ultimate analysis of the pine sawdust used are
shown in tab. 1. The particle size was 0.25 mm.

The polyethylene used in this work was HDPE (HOSTALEN GH 4765 by
HOECHST) and the mean particle size was 0.225 mm.

Table 1. Proximate and ultimate analysis of pine sawdust

Characteristic Value
Moisture [wt.%)] 5.47
Proximate analysis (wt.% on dry basis) 22,94
Volatile matter 15 .88
Fixed carbon 1.08
Ash
Ultimate analysis (wt.% on dry basis)
51.87
Carbon 6.49
gydrogen 40.48
xygen 0.07
Nitrogen 0
Sulfur 1.08
Ash
Higher heating value [MJ/kg)] 18.20

Experimental techniques

Figure 1 shows a scheme of the laboratory plant. A stainless steel fluidised bed
reactor of 4.8 cm in diameter and 23 cm in height was used. The material bed was
0.25-0.27 mm silica sand with static bed depth of 8 cm. The average minimum
fluidisation velocity of this sand was obtained experimentally, being equal to 2.2 cm/s.
Polyethylene and sawdust were fed continuously into the bed using two pneumatic feed-
ers at a rate of 1 to 2.2 g/min., and at a ratio of approximately 1:1. The reactor was exter-
nally heated using an electrical ring furnace. The bed temperature was measured by a
thermocouple inside the bed. The HDPE pyrolysis and gasification was carried out at bed
temperatures of 640, 685, 730, 780, and 850 °C. Nitrogen was used as carrier gas and
fluidising agent. The residence time of the gas in the reactor was between 1 and 2.2 sec-
onds at the bed temperature, taking into account the total gas flow produced.
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Figure 1. Experimental system diagram

The product stream was passed through a cyclone to remove any particulate
matter. The resulting stream of vapours was passed through a cool water heat exchanger
at 20 °C, where some heavy hydrocarbons were condensed (oil or waxes). The remaining
lighter components were condensed using an ice-NaCl bath at —10 °C. The exit flow was
divided into two fractions. The smaller fraction was passed through two ice-NaCl con-
densers at —10 °C. Part of the flow from the condensers was collected on line in a nylon
bag for analysis during the experiment. The duration of the experiments ranged from 14
to 31 minutes.

The gas fraction was analysed by gas chromatography using an HP 5890 series
I, with a semi capillary column HPPLOT/AL, O3, 50 m x 0.53 mm x 15 pm, and a molec-
ular sieve 0.9 m x3 mm packed with 45/60 mesh, using two detectors connected in series:
a Thermal Conductivity Detector (TCD) and a Flame Ionization Detector (FID). The con-
centrations of H,, N,, CO, and CO, were analysed by the TCD detector whilst the rest of
hydrocarbon components from C; to C4 were detected by the FID.

Waxes and oils were collected, weighed and analysed by GC/MS. For purposes
of analysis, the oil and waxes were first dissolved in tetrahydrofurane (THF). The gas
chromatography mass spectrometry consisted of an HT-5 aluminum clad column, 25m x
x 0.32 mm x 0.1 um (non polar), with a T}, of 450 °C. Helium was used as carrier gas
with a flow rate of 1 ml/min. Samples of 1 pl were injected, with a split mode (20:1). The
high temperature column enabled oven temperatures of 400 °C to be reached, ensuring
that hydrocarbons up to C¢, could be analysed. In order to check the possible influence of
the temperature during the analysis of the results obtained, an optimization of the analysis
system was carried out. A temperature of 380 °C was used for waxes, and 280 °C for oils.
No differences were observed. Moreover, no formation of aromatic compounds was ob-
served, which occurs at high temperatures and it is a symptom of the degradation of the
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oil. A method of injection sandwich was used, with higher reproducibility. The ion trap
detector had a mass range from 32 to 800 amu and was linked to a computer with a
WILEY library.

Experimental results and discussion

In order to study the influence of the mixture, a series of previous experiments
with the pure components were performed. The results obtained for pure HDPE, pine
sawdust, and the mixtures are shown in tab. 2.

The analysis of the possible synergetic effects has been carried out calculating
each product or fraction by average weigh from the results obtained in the experiments
with pure sawdust and polyethylene. The following formula has been used:

o (gi, sawdust & sawdust + gi, HDPE & HDPE
gi, cale —

total weight

where gj caic is the calculated production of the compound i (g/100 g of feed) and g; sawdust
and g;uppg are the productions of the compound 7 in the experiments with sawdust and
polyethylene respectively. The terms gguwaust and guppr refer to the amount (in grams) fed
in the experiments with mixtures, the total weight being the sum of ggwaust and guppe.

The calculated production of each compound or fraction is compared with the
values obtained experimentally. These results are shown in tab. 3. The products gener-
ated in the pyrolysis of mixtures of pine sawdust and polyethylene are similar to those ob-
tained in the pyrolysis of these materials separately, although different amounts are ob-
served.

The pyrolysis of polyethylene generates different hydrocarbons, basically a
distribution of olefines and parafines of different molecular weight and, depending on
the operating conditions, different aromatic compounds. No oxygenated compounds
are observed. As the operation temperature increases, the relative importance of the
wax fraction decreases, while there is a simultaneous increase of the gas production and
the generation of aromatic substances in the liquid fraction. At high temperatures the
gas yield decreases slightly probably due to the increase of the generation rate of aro-
matic compounds. The analysis of the gas obtained shows the presence of significant
amounts of ethylene, propylene and butadiene that do not appear in the pyrolysis of
pine sawdust.

The pyrolysis of pine sawdust generates chemical compounds different to
those obtained in the pyrolysis of polyethylene. The composition of the liquid fraction
includes oxygenated compounds: acetic acid, ketones, phenol and cresols. No hydro-
carbons of high molecular weight appear. The composition of the gas fraction includes
carbon monoxide and dioxide, which are not observed in the polyethylene pyrolysis.
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Table 2. Product yields (wt.% of feed) for HDPE, sawdust, and
mixture pyrolysis

Biomass E é: é E % é E é: é E .% é E Aii é
TS| g | =S| g|=|5|&|=|5|&|=|5]|2&
Tempe-
Product T 640 °C 685 °C 730 °C 780 °C 850 °C
yields
Yield
% Gas 315 | 554 | 39.1 | 60.4 | 58.5 | 559 | 82.0 | 84.0 | 673 | 904 | 87.0 | 69.9 | 83.8 | 90.5 | 783
% Oil 68.5 | 393 | 465 | 39.6 | 27.1 | 252 | 18.0 9.0 | 220 9.6 5.0 169 | 16.2 6.0 12.5
% Water 0.0 2.8 6.6 0.0 5.0 59 0.0 42 5.6 0.0 4.0 43 0.0 1.7 2.7
Gas
H, 0.1 0.6 0.3 0.6 0.4 0.7 0.6 0.5 0.9 0.6 1.7 1.5 1.5 3.0 1.9
co 0.0 14.0 | 20.8 0.0 10.8 | 355 0.0 23.1 | 37.0 0.0 | 246 | 437 0.0 333 | 535
CO, 0.0 73 8.1 0.0 3.8 10.8 0.0 5.1 10.5 0.0 4.1 9.1 0.0 2.7 7.9
CHy 22 32 2.4 4.8 3.7 42 7.8 54 4.6 9.7 72 4.9 15.3 | 10.1 6.6
C,Hy 7.6 7.1 1.1 17.0 9.3 2.3 253 | 13.1 2.8 37.0 | 16.1 34 | 405 | 200 | 47
CyH, 2.1 1.5 0.4 3.4 1.4 0.6 4.8 2.3 0.6 3.8 2.0 0.6 2.5 1.4 0.3
CH, 0.0 0.0 0.1 0.0 0.1 0.3 0.0 0.1 0.3 0.0 0.1 0.2 0.0 0.3 0.5
Cs 8.0 6.4 1.0 17.4 7.2 1.6 237 | 117 39 20.0 8.8 1.9 5.4 2.9 1.1
Cy 9.5 4.5 1.3 17.0 | 49 2.7 17.0 8.2 2.8 13.0 5.0 1.8 4.8 1.7 0.7
Oils
Olefines 71.0 | 36.4 1.6 | 43.9 | 20.0 2.2 17.8 | 114 | 3.2 6.0 0.9 1.6 5.6 0.7 1.2
Cs—Cy 14.9 2.7 1.6 31.1 33 2.2 13.1 4.7 32 53 0.7 1.6 5.6 0.7 1.2
Co—Cy2 7.7 2.4 0.0 4.1 6.2 0.0 1.9 25 0.0 0.7 0.1 0.0 0.0 0.0 0.0
Ci3Cyo 14.4 5.7 0.0 59 4.3 0.0 1.7 33 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cio-Cs 23.0 | 142 0.0 2.8 53 0.0 1.1 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C33-Ceo 11.0 | 11.4 | 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Oxygenated 0.0 5.4 18.6 0.0 5.6 7.5 0.0 1.0 34 0.0 1.2 1.7 0.0 0.1 0.3
Furans 0.0 0.7 1.8 0.0 1.2 0.5 0.0 0.2 0.1 0.0 0.2 0.1 0.0 0.0 0.0
Acids 0.0 2.5 12.1 0.0 2.5 4.5 0.0 0.9 2.0 0.0 0.6 1.0 0.0 0.1 0.3
Alcohols 0.0 0.4 0.0 0.0 0.3 0.4 0.0 0.0 0.1 0.0 0.2 0.0 0.0 0.0 0.0
Cetons 0.0 1.1 4.4 0.0 1.1 2.0 0.0 0.0 1.0 0.0 0.1 0.4 0.0 0.0 0.0
Aldehydes 0.0 0.5 0.1 0.0 0.4 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Esters 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Aromatics 15 3.4 234 4.9 5.7 153 | 12.6 6.6 162 | 21.7 | 157 | 14.0 | 29.7 | 15.7 | 10.2
Non oxygenated 1.5 2.6 5.6 4.9 3.7 54 12.6 5.1 6.7 | 21.7 | 10.3 88 | 29.7 | 154 7.8
1 ring 1.5 2.1 2.5 4.8 33 1.0 11.8 43 2.4 19.2 8.7 1.5 22.7 9.1 1.6
Indene 0.0 0.0 0.8 0.0 0.1 1.1 0.3 0.4 2.1 0.1 0.7 1.1 0.1 0.6 0.9
Naphthalene 0.0 0.1 0.5 0.0 0.2 1.1 0.4 0.3 1.4 1.5 2.6 5.0 5.0 32 3.8
UpNaphthalene 0.0 0.4 1.8 0.0 0.0 2.2 0.1 0.1 0.7 0.9 2.3 1.2 1.9 25 1.4
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Table 2. Continuation

Oils
Oxygenated 0.0 0.7 17.8 0.0 2.4 9.9 0.0 2.0 9.5 0.0 3.1 5.2 0.0 3.3 24
Phenols 0.0 0.3 32 0.0 0.7 33 0.0 1.0 2.5 0.0 0.6 33 0.0 0.2 1.5
Cresols 0.0 0.4 4.0 0.0 1.1 2.1 0.0 0.6 3.1 0.0 0.4 1.0 0.0 0.0 0.1
Other alcohols 0.0 0.1 6.4 0.0 0.2 4.1 0.0 0.0 1.5 0.0 0.0 0.2 0.0 0.0 0.0
Biphenyls 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.2 0.1 0.0 0.1 0.2
Dibenzofurans 0.0 0.0 0.4 0.0 0.0 0.3 0.0 0.0 0.6 0.0 0.1 0.3 0.0 0.0 0.2
Other 0.0 0.0 3.8 0.0 0.4 0.1 0.0 0.5 1.3 0.0 1.7 0.3 0.0 3.0 0.4

Table 3. Product yields (wt.% of feed): calculated and experimental

Yield
Gas yield 34.4 554 58.4 58.5 75.4 84.0 80.4 87.0 79.6 90.5
Wax yield 60.0 39.3 33.1 27.1 19.8 9.0 132 5.0 142 6.0
Aqueous yield 2.5 2.8 2.7 5.0 2.5 42 2.1 4.0 12 1.7
Gas
H, 0.2 0.6 0.6 0.4 0.7 0.5 1.0 1.7 1.6 3.0
Cco 8.0 14.0 16.1 10.8 16.5 23.1 21.3 24.6 24.4 333
CO, 3.1 7.3 4.9 3.8 4.7 5.1 4.4 4.1 3.6 2.7
CH,4 23 32 4.5 3.7 6.4 54 7.4 4.2 11.0 10.1
C,Hy 5.1 7.1 10.3 93 15.2 13.1 20.6 16.1 233 20.0
C,He 1.4 1.5 21 1.4 2.9 23 22 2.0 1.4 1.4
CoH, 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.2 03
G 53 6.4 10.2 72 14.8 11.7 112 8.8 33 29
Cy 6.3 45 10.5 49 10.6 8.2 7.5 5.0 2.8 1.7
Oils
Olefins 443 36.4 25.0 20.0 1.3 11.4 39 0.9 35 0.7
Oxygenated 7.1 5.4 34 12 1.5 1.0 0.8 1.2 0.1 0.1
Aromatics 9.9 34 9.6 57 14.2 6.6 17.9 15.7 20.2 15.7
Non oxygenated 3.1 2.7 5.1 3.7 10.0 5.1 15.4 14.4 19.1 15.4
Oxygenated 6.8 0.7 4.5 2.0 4.3 1.5 2.5 1.4 1.1 0.3
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The total production of gas is calculated by posing a balance to nitrogen. In the
case of the experiments of co-pyrolysis of pine sawdust and polyethylene, the gas yield
increases as the operation temperature increases. This behaviour is especially significant
between 685 and 730 °C. For higher temperatures, the gas is the main fraction obtained
from the thermal degradation. It is observed that as the gas yield increases, the liquid and
the water yields decrease. In addition, the composition of the wax and oil fractions be-
comes less complex as the temperature increases, with fewer compounds appearing in the
mixture.The variation of the gas heating value for the different operation temperatures is
shown in fig. 2. The most important increase is obtained between 685 and 780 °C, due to
the generation of combustible gases, and observing no significant variation over 780 °C.
At higher temperatures the yield to light gases still increases. However the cracking of C,
and C, compounds is more intense, diminishing its concentration and explaining the ob-
served trends.

351

20; /
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107

600 650 700 750 800 850 900
Temperature [°C]

Figure 2. Heating value of gas products

Regarding the synergetic effects of the co-pyrolysis of the mixtures on the
global yields, the actual gas production is greater than the calculated amount. The differ-
ence increases with the operation temperature, the maximum difference occurring at
850 °C, indicating that the depolymerization occurs to a greater extent. This observation
is coherent with the results obtained in thermogravimetric studies [24] and could be re-
lated to the greater importance of the reactions occuring in the freeboard.

Comparing the experimental and calculated gas compositions, the only signifi-
cant differences are observed in the percentage of hydrogen and carbon monoxide.
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Experimental production of hydrogen is higher than the calculated production at
640, 780, and 850 °C, whilst this value is lower than the calculated figure for the other
temperatures tested. The variation of hydrogen production (vol.%) vs. temperature is
shown in fig. 3. It can be observed that despite the low values obtained when expressed in
weight, hydrogen is one of the main components of the pyrolysis gas. The generation of
hydrogen increases as the temperature increases, with a sharp increase for temperatures
higher than 730 °C.

20
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101
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Figure 3. Evolution of hydrogen composition with pyrolysis temperature

The carbon monoxide obtained is originated by the biomass degradation, basi-
cally from the reaction of the formation of levoglucosan and its further degradation to
form carbon monoxide and water, although CO is also formed in the decarboxylation re-
actions. The yield to CO at different temperatures follows a similar trend to that observed
for hydrogen, and has been noted by various authors [27]. Since CO is originated by the
sawdust decomposition, the increase in production in the case of mixtures indicates an
acceleration of this process in the presence of polyethylene.

The experimentally obtained productions of methane and ethylene, basically
formed during the pyrolysis of polyethylene, do not differ significantly from the calcu-
lated values. On the other hand, the C;, C,4, and Cs experimental yields are lower than the
calculated ones (fig. 4). Although the variation is small its influence is important due to
the contribution to the gas heating value.

Some differences between the experimental and calculated results are also ob-
served in the composition of oils and waxes.
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Figure 4. Pyrolysis of mixtures: product distribution at different temperatures

The production of oils decreases as the temperature increases. The experimental
yields are always lower than the calculated average for the pyrolysis of pure sawdust and
HDPE. The maximum difference is observed at 850 °C, at which the yield in the co-pyrol-
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ysis experiments is 50% of that obtained in the pyrolysis of pine sawdust, and 30% of that
obtained in the pyrolysis of HDPE. The generation of water in the co-pyrolysis experi-
ments is higher than expected (twice the value calculated at 685, 730, and 780 °C). The
smallest difference is observed at 640 °C.

The total amount of olefines experimentally obtained is lower than the calcu-
lated value. It is observed that the yield to heavier waxes (between C,o and Cg) is higher
at lower temperatures, whilst the yields to Cs, Co, and C,q are lower than the calculated
values. A lower amount of intermediate fractions indicates an increasing importance of

gas phase reactions, explaining
the increasing yield to gas. As the
operating temperature increases,
the trend changes, the yield being
lower than the calculated values.
Apparently, at the low tempera-
tures tested, the presence of the
sawdust induces a delay in crack-
ing of the heavier olefinic frac-
tion. This effect is less significant
at high temperatures.

The relative importance of the
production of diolefines, olefines
and parafines (fig. 5) has also
been studied. In general, slight
differences are observed. The rel-
ative importance of olefines and
parafines decrease when compar-
ed to the production of diolefines.
This behaviour becomes less evi-
dent as the temperature increases.
These results differ from those
presented by Jakab and Blazso
[28], who obtain a decrease of
alcadienes and an increase of
alkenes. However, it should be
noted that the results correspond
to mixtures of polyethylene and
charcoal or carbon black, with
acid groups that can act as H do-
nors, leading to an hydrogenation
of the primary radicals from
polyehtylene. This would indi-
cate, at least, a slight interaction
between the processes of thermal
degradation of sawdust and
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Figure 5. Pyrolysis total ion chromatograms of (a)
HDPE and (b) mixture HDPE + sawdust
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HDPE, which resulting in a faster decomposition of the sawdust. The interaction also af-
fects the mechanism of HDPE decomposition, increasing the insaturation of the obtained
products. In principle, the B-scission of primary radicals is favoured (generating alkenes
and alkadienes) instead of the intermolecular hydrogen transfer (generating alkanes).

The experimental production of aromatic hydrocarbons is generally lower than
the calculated values, with the maximum difference observed at 730 °C. An analysis of
the individual, non-oxygenated aromatic compounds (benzene, toluene, indene, naphta-
lene and heavier) shows that the experimental values are lower than the calculated values
for the different temperatures tested. The generation of these compounds increases
with the temperature. Regarding the possible synergetic effect, the maximum differ-
ence between experimental and calculated results is obtained at 730 °C:10 g/gixture VS-
5.1 g/gmixure- 1t should be noted that the experimental yields to compounds heavier than
naphtalene are higher than the calculated values for temperatures higher than 780 °C,
as can be observed in fig. 6.
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Figure 6. Experimental and calculated results of pyrolysis of mixtures: variation of
yields of oxygenated aromatic compounds with temperature

Regarding the oxygenated aromatic compounds, the experimental production is
lower than the calculated value for the different temperatures tested, as it can be observed
in fig. 7. These compounds are formed in the thermal decomposition of pine sawdust. It
appears that the co-pyrolysis of both materials favours the reactions of elimination of wa-
ter from the oxygenated compounds, explaining the lower generation of this type of prod-
uct and the higher production of water and H,.
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Figure 7. Experimental and calculated results of pyrolysis of mixtures:
variation of yields of oxygenated aromatic compounds with temperature

From the above observations, it can be stated that during the co-pyrolysis of
mixtures of pine sawdust and polyethylene, an increase of the gaseous fraction is ob-
served, especially of hydrogen and carbon monoxide. The increase of the yield to H, is
due to the fact that the reactions of water elimination from the oxygenated compounds are
favoured. This would also explain the observed increase of the water production and a
lower concentration of the oxygenated compounds found in the liquid fraction. Regard-
ing the generation of CO, and given that it is formed only from the biomass, the increase
observed could be due to an acceleration of the sawdust decomposition process. In princi-
ple, it is assumed that this acceleration is due to interaction with the radicals generated
during the HDPE degradation [29]. This interaction would also explain the observed
variations in the production of compounds C;, C,4, and Cs in the gas fraction and also the
olefinic compounds in the liquid fraction, directly formed during the thermal decomposi-
tion of polyethylene [30, 31]. This behaviour seems to indicate a slower HDPE decompo-
sition, possibly due to a higher consumption of radicals in the decomposition of the
lignocellulosic material, and a lower rate of hydrocarbon cracking. The evolution of the
different compounds is complex since they are products of the decomposition of the
heavier fractions whim, in turn, decompose towards lighter fractions.

Conclusions

An experimental study of co-pyrolysis of mixtures of polyethylene and pine
sawdust in a fluidised bed reactor carried out at different temperatures in pyrolytic condi-
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tions shows that the gas yield increases with the increase in the temperature for the pure
components and for the mixture. The main gases produced from the co-pyrolysis process
were, at low temperatures, carbon monoxide, ethylene, carbon dioxide, propylene, buta-
diene, methane and pentadiene, while at high temperatures the gas composition changed
drastically, the main gas being carbon monoxide (more than 33 wt.%), and others being
ethylene, methane, benzene and hydrogen. The co-pyrolysis of biomass and HDPE pro-
duces a gas of greater average heating value than the obtained with biomas alone, with a
lower production of tars.

The higher yield of CO obtained in the co-pyrolysis for the different tempera-
tures tested corresponds to a higher sawdust conversion. The emission of CO at low tem-
peratures indicates an earlier degradation compared to the pyrolysis of pure sawdust,
which coincides with a delay of the cracking of the waxes of high molecular weight and a
lower production of light compounds in the liquid fraction from polyethylene pyrolysis.

The increase of the production of gas and the lower generation of fraction
Cs—C,4 could be due to a greater importance of the gas phase reactions, due to the parti-
cles of char formed.

In the co-pyrolysis, a lower amount of oxygen compounds is formed, basically
aromatic alcohols, and there is an increase in the production of water. The production of
liquids, apart from water, was lower than expected.

These results indicate the existence of a synergetic effect in the decomposition
of these two materials, possibly due to the existence of particles of char originated in the
pyrolysis of sawdust.
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