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Method of preparation of hydrocarbon fuels from polyolefin waste materials

This invention relates to a method for producing hydrocarbon fuels with a reduced
content of unsaturated compounds from polyolefin waste materials by way of feedstock
recycling.

Waste plastics mainly comprise thermoplastic materials, while more than 10% of
communal waste are polyolefins, including: polyethylene (PE), polypropylene (PP) and
. polystyrene (PS), which results from their being utilised on a mass scale in the production
of packaging, the main source of polymer waste. v

Known methods of treat'men’c of polyolefin waste materials include, among others,
feedstock recycling, material recycling and energy recycling.

Energy recycling is based on the combustion waste plastics and collecting the
energy produced in the process. However, even though polyolefins have a high calorific
value, combustion of plastics releases environmentally hazardous substances, such as
chlorine, sulphur or nitrogen compounds.

In turn, it is not possible to employ material recycling, which consists in plastics
regranﬁlation and reprécessing, in the case of some waste materials such as composite
or metallised materials due to a high cost or lack of possibility of pufifi.cation of waste.

That is why feedstock recycling, which consists in depolymerisation of polymer -
chains to produce lower molecular weight hydrocarbons that can be utilised in various
processes, for example as fuel ingredients or as substrates in a Variety of industrial
processes, plays such an important role in the disposal of waste thermoplastics, including
polyolefins. _

Nevertheless, methods of depolymerisation of waste plastics involve
implementation difficulties. For example, physicochemical properties of plastics cause a
number of technical problems that obstruct the depolymerisation process. Availability of
plastics in the form of solids requires liquification of the plastics at the initial stage of the
process. However-, low thermal conductivity factor of most plastics, their high heat
capacity and high activation energy of the depolymerisation reaction render it difficult to
evenly heat the entire volume of waste. For these reasons, during the heating the mass
of plastics locally overheats, which leads to the production of large amounts of coke, a
by-product of the depolymerisation reaction. Moreover, high viscosity of the liquified
plastics, even at relatively high temperatures, obstructs the mixing processes, which
additionally renders it impossible to generate an even temperature of the plastics during

the depolymerisation. Exceeding the temperature of 450°C in the case of most
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thermoplastics leads to the coking of heating surfaces of the reaction chamber, which
also obstructs the flow of heat to the material, thereby necessitating temperature increase
of the heat source. Decoking of the reaction space requires the process to be stopped
and then resumed, which negatively influences the general efficiency and increases the
cost of the process. ‘

Therefore, depolymerisation of waste plastics is usually carried 6ut with helb»of
catalysts, which lower the activation energy of the depolymerisation reaction and ensure
control over the molecular weight of the products. Lowering’ the temperature of
depolymerisation as a result of catalyst activity decreases the amount of coke in the
products, thereby imbroving the temperature efficiency of the process.

There are known depolymerisation processes carried out in an inert gas
atmosphere, including nitrogen or some noble gases such as argon or helium.

In patent literature there are described various methods of thermal
depolymerisation of waste plastics. | _

The descripﬁon of the Polish patent application P.408583 discloses a method of
thermal decomposition of waste plastics and biomass, wherein waste plastics and
biomass are subjectéd to catalytic depolymerisation in the presence of zeolitic catalysts,
in-higher temperature conditions, between 450 to 550°C. Depolymerisation is carried out
in a tower flow reactor — packed with Pall rings, in a continuous way, in e{process in which
the packing and the reactants in the forh‘n of ground plastic material mixed with a catalyst
are fed into the reactor, and the whole is heated in the reactor for a predefined period of
time. Having been subjected to the high temperature the plastics in the reaction chamber
first undergo plasticisation and then thermal decomposition to lower molecular weight
compounds. Gaseous products are removed through a top outlet of the reaction chamber
while char residing on Pall rings is removed through a bottom outlet of the reaction

-chamber. The gaseous products constituting a mixture of hydrodarbons can then be
separated by way of distillation into fractions: benzine fraction with a boiling point up to
180°C, and oil fraction with a boiling point of up to 360°C. The advantage of this process
is a relatively high yield of the depolymerisation process while its disadvantages include
uneven distribution of the plasticised plastic on the Pall rings and a high content of
unsaturated bonds in the depolymerisation product. ’

Another important problem connected with depolymerisation of wéste plastics is a
high proportion of unsaturated compounds in the depolymerisation products, which limits
their usefulness as ingredients of liquid hydrocarbon fuels. These problems are limited by

way of subjecting the depolymerisation products to catalytic hydrogenation.
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For examplé, Polish patent description PL210518 discloses a two-étep method for
hydrogenation of the hydrocarbon fraction from the polymer waste processing, wherein,
in the first step, methanol is reduced to carbon monoxide and hydrogen in an inert gas
atmosphere, at a temperature between 100 to 300°C in the presence of a catalyst: a metal
oxide selected from the grdup of: CoO, NiO, CuO and ZnO, deposited on a carrier
selected from the group of: SiO2, AlOs, TiO2 and ZrOz. Next, ih the second step,
unsaturated fractions being the products of polyoléfin decomposition and having a boiling
point below 360°C are subjected to hydrogenation with help of the mixture of carbon
monoxide and hydrogen, at a témperature between 100 to 400°C in the presence of a
metal catalyst selected from the group of: Pt, Rh, Co/Mo, Mo, W and Fe, on an oxide
carrier selected from the group of: SiO2, Al203, TiO2, MgO and ZrOz. Products obtained
in this process can be used as components of liquid fuels.

It follows from the publications discussed above that the technology of polyolefins
feedstock recycling is being constantly modified in order to improve the quality of fuels
obtained through depolymerisation, in particular by means of limiting the content of
unsaturated compounds, which presence in fuel, especially benzine or oil fraction, can
lead to accelerated aging of the fuel and to precipitation. of deposits.

It would be advisable to further improve on the process of manufacturing
hydrocarbon fuels from polyolefin waste materials such as PE, PP or PS, in a process

that comprises thermal depolymerisation of such materials.

The subject-matter of the invention is a method of producing hydrocarbon fuels
from polyolefin waste materials, wherein: polyolefin waste materials are subjected to
continuous depolymerisation in a tower flow reactor with a movable packing, which
comprises a heating system for heating the lower half of the réaction chamber, where
products of depolymerisation are collected in a gaseous state through an outlet in the
upper half of the reaction chamber;, and the collected products of depolymerisation are
subjected to catalytic hydrogenation and isomerisation in an atmosphere of synthesis
gas, under atmospheric pressure, to obtain a mixture of hydrocarbon fuels. The method
is characterised in that polyolefin waste materials are mixed with heated elements
constituting the packing of the tower reactor until the surface of the packing elements ié
coated with a thin layer of plasticised material, wherein in the depolymerisation process
the obtained mixture is fed as a stream into the reaction chamber from the-top of the

chamber, whereas a synthesis gas is fed in a counter-current from the bottom, the gas
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comprising carbon monoxide (CO) and hydrogen (H2), the molar ratio CO:Hz being from
0.25t01.5: from 0.5 to 3.

Preferably, depolymerisation is carriéd out under atmospheric pressure.

Preferably, the packing of the reaction chamber is selected from the group of
Raschig rings, Pall rings, Biatecki rings.

Preferably, the polyolefin waste materials are mixed with the reactor packing at an
amount not greater thén 1 kg of the material per 1 m? of the specific surface area of the
packing.

Preferably, the mixture of the reactor packing and the plasticised material is fed
into the reaction chamber at a temperature of 240 to 260°C, preferably 250°C.

. Preferably, depolymerisation is carried out maintaining a temperature gradient,
whérein the lower half of the tower reactor's chamber is heated using a heating system
to a temperature in the range of 400 to 440°C, while near the outlet for depblymerisation
products the temperature is maintained in the range of 200 to 360°C.

Preferably, depolymerisation is used for polyolefin materials selected from the

group of polyethylene, polypropylene and polystyrene. _
’ Preferably, depolymerisation products are - delivered to the proceSs of
hydrogenation and isomerisation in a gaseous state having a temperature in the range of
320 to 360°C. '

,Preferably, hydrogenation is carried out in_the presence of at least one metallic
catalyst selected from the group of platinum and palladium deposited on an oxide carrier
sélected from the group of Al203 and P20s.

Preferably, hydrogenation and isomerisation are carried out in an atmosphere of
synthesis gas comprising carbon monoxide and hydrogen, the weight ratio CO:Hz being
from 0.25to0 1.5 : from 0.5 to 3. _

~ Preferably, hydrogenafion and isomerisation products are subjected to fractional
distillation with separation into a low-boiling fraction (C1-C4), a benzine fraction and an
oil fraction. »

Preferably, the low-boiling fraction is used to produce synthesis gas for

depolymerisation and hydrogenation.

The subject-matter of the invention has been presented in an example
embodiment in a drawing, in which:
Fig. 1 presents a block diagram of the process of manufacturing liquid fuels from

waste plastics,
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Fig. 2 presents a schematic view of the reactor for depolymerisation of waste
plastics in a cross-section.

As it is presented in Fig. 1, the method of manufacturing liquid fuels from waste
plastics according to the invention involves: heating the packing of the depolymerisation
reactor.in step 101, mixing the waste plastics with the packing in step 102, feeding the
obtained mixture into the reactor and depolymerising the waste plastics in step 103,
hydrogenating and isomerising the depolymerisation products in step 104, and fractional
distillation of the hydrocarbon mixture in step 105.

Preferably, before the launch of the process, waste polyolefins: polyethylene (PE),
polypropylene (PP) and polystyrene (PS) are cleansed and ground, and then rinsed with
nitrogen, in order to Iimit the amount of oxygen fed into the reactor with the air trapped in
the spaces between fragments of the ground Waste. Irrespective of the preparation of the
raw material (waste polyolefins) the packing of the reactor is prepared, which is then
heated in step 101 to a temperature between 430 and 470°C, preferably 450°C. The
reactor can be’ packed with any known elements that are used as structured packing for
distillation columns, for example Raschig rings, Pall rings, Biatecki rings.

Heated elements of the packing are then mixed in step 102 with the cleansed and
ground polyolefin waste for a time period necessary for plasticisation and formation on
the surface of the packing elements of a uniform thin layer of the plastic, with thickness
preferably from 0.3 to 2 mm. In order to obtain a suitable thinness of the plastic layer, the o
weight of the plastic per each 1 m?2 of the specific surface area of the packing elements |
may not be greater than 1 kg, breferably hot more than 0.5 kg.

In order to obtain a suitably thin layer of the plastic on the surface of the packing
elements, the plastic can be gradually fed into the chamber filled with the packing
‘elements Heated to an appropriate temperature, in such proportions as to maintain
- constant plasticity of the raw material on the surface of the packing elements.

Once the raw material is thoroughly mixed with the packing, the average
temperature of the mixture should be within the range of 240 to 260°C, preferably 250°C,
which is a‘result of heat transfer from the packing elements to the plastic.

Next, the packing covered with a uniform layer of the plastic having atemperature
of about 250°C, namely, more than polyolefins’ flow temperature, is fed into a chamber
of depolymerisation reactor 200, which cross-section is presented schematically in Fig.
2. The reactor 200 can have a construction and dimensions similar to the
depolymerisation reactor described in the Polish patent application P.408583. The

depolymerisation reactor 200 is a tower reactor and it comprises a reaction chamber in



CA 03062270 2019-11-01

WO 2018/203763 PCT/PL2018/000040
6

the form of a vertical pipe 201, with an inlet 202 for the raw material and packing and an
outlet 203 for gaseous products of depolymerisation located in an upper portion of the
chamber, and an outlet 204 for the packing located in a Iower.portion of the chamber.
Preferably, the raw material and packing inlet 202 and the packing outlet 204 are
equipped with coreless screw conveyors, which provides for regulating the flow of the
packing through the reaction chamber and by the same for c;ntrolling the time of stay of
the reagents inside the chamber. The reaction chamber 201 preferably has a diameter
smaller than its height, and preferably has the 'proportion'of diameter to height' of 1:6,
which provides for an optimal distribution of temperature during the depolymerisation
process. |

The depolymerisation reaétdr 200 presented in Fig. 2 unlike the reactor according :
to the Poli»sh patent application'P.408583, is moreover equipped with aninlet 205, located _
near the packing outlet 204, for feeding a synthesis gas into the reaction chamber in a
counter-current in relation to the direction in which the packing elements move during the
depolymerisation process.

The depolymerisation reactor200 is moreover equipped with a heating system (not
preéented in the drawing for the sake of intelligibility) in the form of a heating jacket
located in a lower portion of the reaction ch‘amber 201 and extending to the mid height of
the chamber 201. Preferably, the heating system of the reactor is supplied with a liquid
metal aIon; preferably‘é tin alloy, which constitutes a heating agent, which additionally
provides for a uniform distribution of temperature in selected areas of the reaction
chamber and allows obtaining a suitable temperature gradient inside the chamber. In the
depolymerisation process the temperature measured in the lower half of the reaction
chamber should be from 400 to 470°C, preferably 420°C, whereas in the upper (not
heated) half of the reaction chamber 201 the temperature gradually falls so that in the
topmost point of the chamber 201, namely near the depolymerisation products outlet 204,
the temperature measured inside the chamber should be from 200 to 360°C.
Temperature gradient inside the reaction chamber between the lowest and the topmost
point of the chamber can be as much as 270°C. Such temperature gradient inside the
reaction chamber is obtained for the reactor's heating system’s temperature not
exceeding 500°C. -

In the depolymérisation process, in step 103, raw material is fed into the reaction
chamber together with the packing elements, in a plasticised state — creating a thin, even
layer of the plastic on the surface of the packing elements, at a temperature preferably

about 250°C. In the reaction chamber the raw material is transported gravitationally
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towards the lower outlet 204 and undergoes further heating and depolymerisation in the
atmosphere of a synthesis gas fed into the reaction chamber 202 in a counter-current
. through the inlet 205. In the depolymerisatién process, a synthesis gas is used, containing
hydrogen, carbon monoxide and possibly an addition of nitrogen constituting an inert for
the purpose of diluting the components of the synthesis gas. 'The molar ratio of the
components of the used synthesis gas CO : Hz : Nz is from 0.25 to 1.5 : from 0.5 to 3 :

from 0 to 1. The most preferred molar ratio CO : Hz in the synthesis gas is 1:2. The
| synthesis gas is fed into the reaction chamber as a stream in an amount of 50 to 500 litres
of synthesis gas per 1 kg of raw material. '

In the depolymerisation process, as a result of operation of high temperature, in
an inert gas atmosphere, long polymer chains break apart and in a gaééous state are
transported towards the outlet 203. The used synthesis gas functions therefore as a
hydrogen donor and as a carrier facilitating the transport of the hydrocarbons in a gaseous
state towérds the upper portidn of the reactor 200. Additionally it turns out that the
presence of carbon monoxide in the synthesis gas improves the productivity of the
depolymerisation process.

In the upper parfs of the reaétor, due to the temperature gradient inside the reaction

~ chamber, hydr.obarbons with boiling point above 36050 get condensed on the reactor
packing‘elements covered with a thin layer of the plastic, by the same supplying the
stream of raw material newly fed into the reaction chamber 201, which results in lowering
the‘depolyr-nerisation reaction’s activation temperature. The condensed hydrocarbons
together with the packing are transported graVitati;)nally towards the lower parts of the
reactor, where, as a result of operation of a higher temperature, these hydrocarbons
undergo further depolymerisation. The processes of depolymerisation in the lower parts
“of the reactor 200, where the temperature inside the reaction chamber reaches about
420°C, and of further condensation with the condensate supplying the stream of “fresh”
raw material, can be repeated in the reactor 200 cyclically, until the obtainment of
depolymerisation products with a boiling point below 360°C, preferably with a boiling point
between 200 and 360°C. Depolymerisation products having a specific boiling point exit
the reaction chamber 201 through the outlet 203.

During the process, as a by-product, char is deposited on the packing elements,
and due to the conditions of the process it is in ash form, which can be mechanically
separated from the packing elements, thanks to which the packing can be utilised many
times in 'the depolymerisation process. The process of decharring the packing can be

carried out, for example, by way of sifting the char on sieves. The process carried out in



CA 03062270 2019-11-01

WO 2018/203763 PCT/PL2018/000040
8

such way ensures therefore a reduction of downtimes, due to the possibility of removing
the char from the packing elements outside of the reaction chamber 201.

The produced depolymerisation products in é gaseous state are subjected to
hydrogenation and isomerisation in step 104. The processes of hydrogenation and
isomerisation can be carried out in an analogbus way to the description of the patent
PL210518: with use of a metallic catalyst such as platinum and/or palladium deposited
- on an oxide carrier, for example Al203 or P20s, at a temperature in the range of 320 to
360°C, in the presence of a synthesis gas which comprises CO and Hz with the molar
ratio CO:Hz being from 0.25 to 1.5 : from 0.5 to 3, and preferably with the molar ratio
C-O:Hz being 1:2. However, unlike in-the hydrogenation process described in the patent
PL210518, the synthesis gas utilised in the present process is not made from methanol
but from C1-C4 hydrocarbons that are preferably obtained in the process of
depolymerisation of the polyolefins. Moreover, unlike in the solution known from the
description of patent PL210518, according to the present invention the processés of
hydrogenation and isomerisation aré used hydrocarbons in-a gaseous state at a
temperature between 320 to 360°C. A pipe for transporting depolymerisation products to
the hydrogenation and isomerisation reactor is equipped with a heating system and a
temperature control system, which ensures an appropriate temperature of the
depolymerisate at the hydrogenation and isomerisation reactor’s inlet. .

' As a. result of hydrogenation and isomerisation a mixture of saturated
hydrocarbons is obtained, which is then subjected, in step 105, to fractional distillation to |
obtain a low-boiling fraction (C1-C4), a benzine fraction and an oil fraction. The distillation
process can be carried out, for example, with use of a conventional distillation column.

The obtained C1-C4 fraction can be used for manufacturing synthesis gas 106
(Fig. 2), which is used for polyolefins depolymerisation and for subsequent hydrogenation
and isomerisation processes, as well as for fuelling the hydrogenation and isomerisation
reactor’'s burners or the power generator, for example in the form of a steam turbine.

The employed isomerisation process ensures the obtainment of branched
products, which results in an increased octane rating of the produced hydrocarbon fuels.

In the process according to the present invention both the polyolefins
depolymerisation and the hydrogenation and isomerisation processes are carried out
under atmospheric pressure, which results in lowering installation and processing costs.
For this reason the process is economically profitable regardless of whether a large or a

small volume of waste plastics is processed annually, in contrast to pressure
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technologies, which require considerably large volumes of raw materials to be processed
annually in order to render the process économically profitable. ;

Carrying out depolymerisation and hydrogenation under atmospheric pressure
was made possible thanks to the developed depolymerisation technology, in which a
hydrogen donor is a mixture of carbon monoxide and hydrogen (synthesis gas) at an
appropriate ratio, with the volume of the stream of synthesis gas fed into the reaction
chamber maintained at 50 to 500 litres of synthesis gas per 1 kg of raw material.

It turned out that the presence of carbon monoxide in the process irﬁproves the
efficiency of both depolymerisation and hydrogenation. The depolymerisation process
carried out in the atmosphere of synthesis gas is carried out under atmospheric 'pressure,
without the addition.- of catalysts which, due to the necessity of regeneration, could
increase production costs and generate environmentally hazardous waste.

Moreover, employing a solution that involves pre-mixing of the ground material with
the heated packing allows the formation of a thin uniform film of plasticised polymer on
the surface of the packing.elements, due to which the material is heated more uniformly,
which limits the -occurrence of local overheating of the raw material during
depolymerisation and results in a lower activation temperaturé of the reaction of breaking
the carbon-carbon bonds in the pdlyolefin chains. '

The present process also enables the production of saturated hydrocarbon
products, including a low-boiling fraction C1-C4, a benzine fraction and an oil fraction,
characterised by high purity — decreased amount' of‘ double b;)nds in the products, which
is- particularly difficult to obtain in the case of waste materials due to the presence of
impurities in such materials as well as all sorts of additives. ,

Satisfactory limitation of unsaturated compounds in the produced hydrocarbon
fractions is particularly important when depolymerisation products are used as fuels,
which is caused by a relatively high reactivity of the double and triple bonds, which as a
result of polymerisation or oxi@ation cause accelerated aging of the fuels and the

precipitation of solid impurities.
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CLAIMS:

1. A method of producing hydrocarbon fuels from polyolefin waste materials, wherein:

- polyolefin waste materials are subjected to continuous depolymerisation in a tower
flow reactor with a movable packing, which comprises a heating system for heating
the lower half of the reaction chamber, where products of depolymerisation are
collected in a gaseous state through an outlet in the upper half of the reaction
chamber;

- and the obtained products of depolymerisation are subjected to catalytic
hydrogenation and isomerisation in an atmosphere of synthesis gas, under
atmospheric pressure, resulting in a mixture of hydrocarbon fuels;

characterised in that:

- polyolefin waste materials are mixed with heated elements constituting the packing of
the reactor until the surface of the packing elements is coated with a thin layer of
plasticised material, wherein in the depolymerisation process the obtained mixture is
fed as a stream into the reaction chamber from the top of the chamber, whereas a
synthesis gas is fed in a counter-current from the bottom, the gas comprising carbon
monoxide (CO) and hydrogen (H2), with the molar ratio CO:H: being from
0.25t0 1.5 : from 0.5 to 3.

2. A method according to claim 1, characterised in that depolymerisation is carried

out under atmospheric pressure.

3. A method according to any one of claims 1 or 2, characterised in that the packing
of the reaction chamber is selected from the group consisting of Raschig rings, Pall rings,

and Biatecki rings.
4. A method according to any one of claims 1 to 3, characterised in that the polyolefin

waste materials are mixed with the reactor packing at an amount not greater than 1 kg of

the material per 1 m? of the specific surface area of the packing.
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5. A method according to any one of claims 1 to 4, characterised in that the mixture
of the reactor packing and the plasticised material is fed into the reaction chamber at a
temperature of 240 to 260°C.

6. A method according to any one of claims 1 to 4, characterised in that the mixture
of the reactor packing and the plasticised material is fed into the reaction chamber at a

temperature of 250°C.

7. A method according to any one of claims 1 to 6, characterised in that
depolymerisation is carried out maintaining a temperature gradient, wherein the lower half
of the tower reactor's chamber is heated using a heating system until a temperature of
400to 440°C is reached, while the temperature at the outlet for depolymerisation products

is maintained in the range of 200 to 360°C.

8. A method according to any one of claims 1 to 7, characterised in that
depolymerisation is used for polyolefin materials selected from the group consisting of

polyethylene, and polypropylene.

9. A method according to any one of claims 1 to 8, characterised in that
depolymerisation products are delivered to the process of hydrogenation and

isomerisation in a gaseous state having a temperature in the range of 320 to 360°C.

10. A method according to any one of claims 1 to 9, characterised in that
hydrogenation is carried out in the presence of at least one metallic catalyst selected from
the group consisting of platinum and palladium deposited on an oxide carrier selected

from the group of Al203 and P20s.

11. A method according to any one of claims 1 to 10, characterised in that
hydrogenation and isomerisation are carried out in an atmosphere of synthesis gas
comprising carbon monoxide and hydrogen, with the weight ratio CO:H2 being from 0.25
to 1.5: from 0.5 to 3.

Date Regue/Date Received 2022-05-12
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12. A method according to any one of claims 1 to 11, characterised in that the
hydrogenation and isomerisation products are subjected to fractional distillation with

separation into a low-boiling C1—C4 fraction, a benzine fraction, and an oil fraction.

13. A method according to claim 12, characterised in that the low-boiling fraction is

used to produce synthesis gas for depolymerisation and hydrogenation.

Date Regue/Date Received 2022-05-12
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