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Pyrolysis of contaminated waste plastics was carried out in a laboratory scale batch reactor at 450 °C under nitrogen
atmosphere. Raw materials were original high density polyethylene (HDPE) and waste motor oil flasks from industrial
sector. Volatile products were passed through a fixed catalyst bed with temperature of 350 °C. In the experiments Y-zeolite,
B-zeolite, HZSM-5, Co/Mo and Ni/Mo catalysts were used. Three product fractions were obtained: gas, liquid and heavy
oil. Catalysts had mainly effect on the gas and liquid yields, the amount of the residue did not show significant
differences in the case of the same raw material. By pyrolysis of contaminated raw material higher volatile product yield
could be observed compared to pyrolysis of the original raw material. Catalysts increased gas yields and had influence on
the composition of products. Most significant effect could be observed in the case of Y-zeolite and B-zeolite catalysts.
Contaminant level of liquid products could be decreased in case of thermo-catalytic pyrolysis, which is a key property for

further application of the pyrolysis products.

Keywords: pyrolysis, contaminated plastic waste, heteroatom removal, catalyst

Introduction

In the last decades both the amount of polymer
materials and the wastes from them has shown a rapidly
increasing tendency. Disposal of plastic wastes is very
important because the degradation of these materials
takes a very long time. Moreover plastics have very high
hidden energy content. There are many possibilities for
recycling plastic wastes, one of them is pyrolysis.
During pyrolysis the long polymer chains of plastics are
degrading into smaller hydrocarbon molecules in absence
of oxygen and in the temperature range of 400-900 °C.
Pyrolysis products are similar to the hydrocarbon-
fractions generated in an oil refinery, therefore they can
be used as fuels or petrochemical feedstock [1-4]. By
pyrolysis of plastic wastes the saving of crude and energy
and reduction of CO, emission is possible.

Plastic wastes wusually have heteroatom as
contamination (e.g. sulphur, nitrogen or chlorine
containing substances) on their surface or in their own
material. Chemical recycling of contaminated plastic
wastes is possible, but contaminants present problem
because they appear in the products. Many researchers
have investigated the composition of products derived
from pyrolysis of different contaminated plastic materials
[5-8]. In most of the studies were used raw materials,
which had contamination in their own material (heteroatom

containing plastics or additives) but pyrolysis of plastic
wastes, which contain heteroatom containing substances
on their surface was slightly studied.

In terms of further energetic utilization there are limits
for heteroatom containing substances in the products.
Therefore reduction the amount of the contaminants in
the products is very important because by that procedure
the range of raw materials could be widened (e.g.
contaminated plastic wastes could be also recycled this
way). The catalyst application is one possible way for
decreasing the heteroatom content in the products.
Catalysts are capable both to absorb heteroatom containing
substances and change the composition of the products
by taking over the heteroatoms in the gas phase. Many
researches were carried out to examine the efficiency of
different catalysts [9-13]. In many works there were
used catalysts in vapour phase contact with the products.
It means that only volatile products are getting to the
catalyst bed therefore catalysts affect only the composition
of the volatile products. The applied catalysts decreased
the chlorine and nitrogen content of pyrolysis oils even
by 90% or more.

In this work pyrolysis of contaminated plastic waste
was carried out at 450 °C. Volatile products were driven
trough different catalysts in order to decrease the
concentration of heteroatom containing substances in
the liquid products. The applied catalysts are widely
used in the industry, too.
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Figure 1: The layout of the process:
1. Raw material, 2. Shredding and grinding, 3. Nitrogen bottle, 4. Reactor,
5. Catalyst bed, 6. Cooler, 7. Liquid product receiver, 8. Water trap

Experimental

Raw materials

Motor oil flasks were obtained from Design Kft. The
flasks were shredded and grinded into particles up to
3 mm diameter. Composition of the raw material was
followed by Fourier-Transformed Infrared Spectroscopy.
It was found that the main component of that was HDPE
(88.6 wt%). In addition the raw material contained
significant amount of motor oil contamination (7.2 wt%)
and adsorbed water (0.6 wt%).

The rest (3.6 wt%) was foil of the motor oil flasks,
which had the following composition: 53.3 wt% PP,
40.0 wt% PVC and 6.7 wt% HDPE. For comparison
experiments were done also with original, off-grade
HDPE, obtained from TVK Co.

Catalysts

Five different catalysts were applied in order to improve
the product qualities: Y-zeolite, HZSM-5, B-zeolite,
Co-Mo, and Ni-Mo.

Table 1: Properties of the applied catalysts

BET | Si/Al| Microporous | Acidity,
surface, surface, meq. of
m’/g m’/g NHs/g
Y-zeolite 205 45 127 0.61
HZSM-5 322 31 198 0.55
B-zeolite 446 33 384 0.47
Co-Mo cat. 196 12 99 0.28
Ni-Mo cat. 177 14 74 0.26

The first two are commonly used cracking catalysts having
isomerization function and the last two are bifunctional
catalysts with hydrogenization/dehydrogenization function.
Properties of the catalyst are shown in Table 1.

Before the experiments catalysts were heated at 500 °C
in nitrogen atmosphere for 4 hours.

Pyrolysis process

Pyrolysis was carried out in a batch reactor with 2.0 dm®
volume. The layout of the process is shown in Fig. 1.
The raw material was first shredded and grinded after
that it was fed into the reactor. In every experiment 400 g
of raw material was pyrolized in nitrogen atmosphere.
The reactor temperature was 450 °C in every case. Above
the reactor a fix catalyst bed was placed. The temperature
of the catalyst bed was 350 °C. Volatile products
generated during pyrolysis were passed over the catalyst
bed after that they were cooled and condensed in a
vessel. The non-condensable products (gases) were blown
through a water trap to collect the inorganic substances.
All of the experiments were taken 150 minutes, after
that the reactor was cooled and residue (heavy oil) was
taken off at the bottom of the reactor. The reactor and
the catalyst bed were electrically heated, measurement
of temperature occurred with thermocouples.

Analysis of pyrolysis products

A DANI gas-chromatograph fitted with a 30 m x 0.53 mm
Rtx-1 column was used for hydrocarbon analysis of
pyrolytic oils.

Composition of the raw material was analyzed by a
TENSOR 27 type Fourier transformed infrared
spectrometer in the 4000-400 cm™ wave number ranges.

For chlorine determination a Mitsubishi TOX-100
type instrument was used. The temperature was 900 °C,
and argon was used as inert gas.

Determination of nitrogen and sulphur content of
fractions were performed by using standardized methods:
ASTMD 6428 99 and ASTMD 6366 99, respectively.



Results and discussion

Product yields

During pyrolysis three different products were obtained:
gas, liquid and heavy oil. Product yields are shown in
Figs 2 and 3.
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Figure 2: Product yields obtained during pyrolysis of
the original raw material
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Figure 3: Product yields obtained during pyrolysis of
the motor oil flasks

In the case of the different raw materials different
product yields were observed. From the contaminated
raw material more volatile products were obtained (gas
yield changed between 12.0 and 33.5 wt% and yield of
liquid product was between 17.2 and 45.7 wt% in the
case of the motor oil flask raw material, while in the
case of the original raw material those values were only
7.5-28.2 wt% and 16.0-36.5 wt%).It is important to
remark that the difference between the volatile product
yields from the two raw materials was more then the
amount of volatile contaminations (water and oil) on the
surface of the motor oil flasks. The reason of that could
be explained by the theory that the contaminations have
initiated the decomposition of other polymers at lower
temperatures, because they were able to given free
radicals at lower temperature. This way the activation
energy of the pyrolysis decreased in the case of the
contaminated raw material. In other words at the same
temperature more volatile products could be obtained. If
the yields in the thermal and thermo-catalytic cases are
compared it could be seen that the volatile product
yields are higher in almost every times in the thermal
cases than in the thermo-catalytic cases. It is similar
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result with the works of others [14] but the cause of the
phenomena was not explained in the mentioned reference.
Probably it might be because of the changed flow
conditions but to clarify that needs more investigations.
Yields of the gases are higher in the thermo-catalytic
cases compared to the thermal cases. It is due to the
secondary cracking on the catalyst bed. The strongest
effect had the Y-zeolite in the case of the same raw
material because this catalyst has the largest micro-
porous surface.
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Figure 4: Composition of gases obtained from original
raw material
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Figure 5: Composition of gases obtained from motor oil
flasks

The molecules of the liquid fraction can fit only in
the micropores where secondary cracking reactions are
taking place therefore micro-porous surface has a strong
effect on the yields.

Composition of gases

Carbon number distribution analysis of gases showed
that gas products were in the carbon number range
C,-Cs. The gas phase contained Cq hydrocarbons because
the not complete condensation. Most of the gases
(65-80 wt%) was in the C;-C, fraction. Composition of
gases was analyzed by gas-chromatography and the
results are shown in Figs 4 and 5. In all of the cases n-
alkanes, n-alkenes and branched hydrocarbons were
detected. In the figures it could be clearly seen that
composition of gases obtained from the different raw
materials do not show significant differences. Thus, the
composition of the raw material has not effect on the
composition of the gas product but the applied catalysts
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affected it. Namely the amount of branched hydrocarbons
in the gas phase increased in the thermo-catalytic cases
that could be explained by the isomerization effect of
the used catalysts. [somerization was the strongest in the
case of the Co-Mo and Ni-Mo catalysts, the increase of
the branched substances was 16.3 and 23.9% in the case
of the original raw material and 11.7 and 17.0% in the
case of the motor oil flasks compared to the gases
obtained from the thermal pyrolysis.
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Figure 6: Composition of liquid products obtained from
original raw material
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Figure 7: Composition of liquid products obtained from
motor oil flasks

Composition of liquid products

Composition and carbon number distribution of liquid
products are shown in Figs 6-7 and Figs 8-9, respectively.
In all of the cases n-alkanes, n-alkenes, branched and
aromatic hydrocarbon groups were detected. The figures
clearly show that composition of the liquid products do
not changes significantly with the composition of the
raw material. Except of the liquid products obtained by
using Y-zeolite catalyst the samples contained around
50% n-alkanes. When Y-zeolite was used, most of the
liquid product was unsaturated. The amount of branched
and aromatic compounds increased in the thermo-
catalytic cases.

This could be explained by the isomerization effect
of the catalysts. The strongest isomerization could be
observed in the case of the Co-Mo and B-zeolite catalysts.
They caused 9.9 and 16.3% or 20.2 and 14.6% differences
in the amount of branched and aromatic hydrocarbons in

the case of the original and motor oil flask raw materials
compared to the thermal cases.
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Figure 8: Carbon number distribution of liquid products
obtained from original raw material
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Figure 9: Carbon number distribution of liquid products
obtained from motor oil flasks

Liquid products were in the carbon number range
Cs-Cyo. If catalysts with cracking function were applied,
the average carbon number of the liquid product decreased.
It means that the amount of the lighter compounds
increased and the amount of the heavier hydrocarbons
decreased in the oil. This was slightly more apparent in
the case of original raw material than in the case of
motor oil flasks because the contaminants decreased the
activity of the catalysts. The reason of the decrease in
the average molecular weight is the secondary cracking
of the liquid product on the catalyst bed. The greatest
effect had the Y-zeolite catalyst that enlarged mainly the
Cs-Cy fraction (more than 50 wt% of the samples were
Cs-Cy hydrocarbons). This could be explained by the
large macro-porous surface of the Y-zeolite.

Contaminant level of liquid products

Chlorine and nitrogen content of liquid product was
measured. Reduction in contaminant level of the liquid
products by catalysts in the case of liquids obtained
from contaminated raw material is shown in Fig. 0.
Chlorine and nitrogen content of liquid products
derived from pyrolysis of original raw material was
negligible therefore it is not included in the diagram.
Reduction in contaminant level was calculated from the
contaminant level of the liquid products obtained from
thermo-catalytic pyrolysis compared to the liquid from



the thermal case. It is clear that significant reduction
could be reached both in chlorine and nitrogen content
using catalysts. In chlorine content there was 45-84%
and in nitrogen content 20-60% decrease. The Co-Mo
catalyst had the most significant effect in case of both
heteroatoms. However, it is important to note that in all
of the experiments there were used fresh catalysts and
the decrease in the activity and the regenerability of these
catalysts was not studied, it is the aim of our future
work.
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Figure 10: Reduction in chlorine and nitrogen content
of liquid products by catalysts

Conclusion

In this work thermal and thermo-catalytic pyrolysis of
contaminated raw materials was investigated. The
ability of five different catalysts for improving the quality
of the liquid products and decrease the contaminant level
of them was examined. Between the volatile products
and the catalyst it was a vapour phase contact. The
product yields did not show significant differences in
thermo-catalytic cases compared to the thermal cases
but the applied catalysts had favourable effect on product
qualities. The amount of branched hydrocarbons in gas
and liquid products increased in the thermo-catalytic
cases and the catalysts with cracking function decreased
the average molecular weight of the liquid products.
These changes are advantageous in terms of energetic
utilization. Contaminant level of liquid products could
be decreased significantly by catalysts but further
investigation is needed in view of changes in activity of
catalysts in time.
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