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Process for the preparation of polycarbonates from waste plastic feedstocks.

[0001] The present invention relates to a process for the preparation of polycarbonates from
products originating from waste plastic feedstocks. In particular, the invention relates to
production of polycarbonates from products originating from waste plastic feedstocks with

improved carbon efficiency towards polycarbonates.

[0002] Presently, the disposal of plastic materials as a waste poses an increasing
environmental issue. With increase of global population, and increase of use of plastic materials
per capita, the quantity of plastic material that results as a waste, whether from industrial use or
from consumer use, reaches such levels that far-reaching innovations in methods of disposal
are rapidly becoming essential. In particular, it is very much desirable that such innovations also
contribute to reduction of detrimental environmental issues, such as fossil carbon utilisation and

carbon emissions into the atmosphere.

[0003] In many cases, at present, waste plastics are processed by incineration, leading to
atmospheric carbon emissions, discarded in landfills, or even littered onto land and sea. Such
undesired waste disposal increasingly faces societal objections. It is therefore an object of
development in industry to find means of processing such waste plastics in a way overcoming

the above objections.

[0004] One means of achieving such is via processing the waste plastics via chemical
conversion processes into a feed material that again can find its way to the renewed production
of plastics. Not only would such route allow for the re-use of a waste, with the problems
associated to it as presented above, but also could it serve as a replacement of conventional

feed materials that are used in the production of plastics.

[0005] A particular route for production of plastics, currently by and far the most widespread
route, is via first processing of fossil oil or gas derivatives into building blocks for plastics, and
further converting these building blocks into plastics via polymerisation processes. A typical
example of such involves the preparation of such building blocks, also referred to as monomers,
via steam cracking of fossil oil derivatives of the naphtha range. Such monomers include
particularly lower mono- and diolefinic compounds, such as ethylene and propylene, next to

other valuable chemical building blocks such as aromatics and oxygenated products. These
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chemical building blocks are on very large scale converted into polymer materials, particularly

polycarbonate materials.

[0006] As the production of polycarbonates according to the above route represents a
significant part of the global plastics production, and production capacity continues to grow
annually, this route would be particularly suitable for utilisation of waste plastics based feed
streams to be converted into new polymeric materials. Such route would allow for providing a

means to convert plastics to plastics, which is also referred to as circular plastics processing.

[0007] In order to be able to process waste plastics as a feed material for steam cracking
operations, it has to be provided as a feed to the steam cracker in such way that the cracking

process can be operated at the highest of efficiencies, and under sustainable conditions.

[0008] In this context, with high cracking efficiency it is meant that the cracking is performed
under conditions leading to a maximised production of propylene and benzene as part of the
product spectrum that is produced in the steam cracker. Steam cracking involves subjecting a
feed stream of hydrocarbons of mixed chemical structure to a high temperature, under high flow
velocities, for a certain time. As a result of these conditions, thermal degradation of the chemical
compounds in the feed stream occurs, leading to a certain spectrum of desired chemical
compounds that find their way into commercial use, either directly or via further chemical
conversion processes. Propylene and benzene typically are two of the products that form part of

the product composition that is formed in such steam cracking process.

[0009] By sustainable conditions of steam cracking in the context of the present invention is
meant that the steam cracking occurs under such conditions of process and feed stream
composition that the run duration of the cracking process, which in commercial operation is a
continuous process, is as long as possible, before formation of coke or fouling due to
contaminants and/or operational conditions that settles on the inside of the tubes which typically
are employed in steam crackers as per the present art forces operations to be ceased and
reactor tubes to be cleaned. This run duration is very much dependent on the composition of
the feed material and the conditions of cracking, and is desirably as long as possible to enable

an economic operation of the plant.

[0010] The propylene and benzene that are obtained as part of the product composition

emerging from the steam cracking process are, upon being subjected to a separation step to
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isolate it to a desired degree of purity, and then can be converted to polycarbonate products via

chemical synthesis and polymerisation processes.

[0011] Itis now an object of the present invention to provide a process that allows for the
production of polycarbonate utilising a maximised efficiency of carbon originating from a waste

plastics stream.

[0012] According to the present invention, that is now achieved by a process for the production
of polycarbonates from waste plastics feedstocks comprising the steps in this order of:

(a) providing a hydrocarbon stream A obtained by hydrotreatment of a pyrolysis oil
produced from a waste plastics feedstock;

(b) optionally providing a hydrocarbon stream B;

(c) supplying a feed C comprising a fraction of the hydrocarbon stream A and optionally
a fraction of the hydrocarbon stream B to a thermal cracker furnace comprising
cracking coil(s);

(d) performing a thermal cracking operation in the presence of steam to obtain a
cracked hydrocarbon stream D;

(e) supplying the cracked hydrocarbon stream D to a separation unit;

(H  performing a separation operation in the separation unit to obtain a product stream
E comprising propylene and a product stream F comprising benzene;

(@) supplying the product stream E and the product stream F to a reactor and
performing a reaction and one or more separation step to obtain a product stream G
comprising phenol;

(h) supplying the product stream G and acetone to a reactor and performing a reaction
and one or more separation step to obtain a product stream H comprising bisphenol-
A; and

()  supplying the product stream H with phosgene or diphenyl carbonate to a reactor

and performing a polymerisation reaction to obtain a polycarbonate.

wherein in step (d):
¢ the coil outlet temperature is = 800 and < 850 °C, preferably = 805 and < 835 °C;
and

e the weight ratio of steam to feed C is > 0.3 and < 0.8, preferably > 0.3 and < 0.5.
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[0013] The process of the present invention allows for optimisation of the quantity of waste
plastic material that finds its way back into a polycarbonate that is produced as outcome of the
process. The higher that quantity is, i.e. the higher the quantity of chemical building blocks that
are present in the waste plastic material that are converted to the produced polycarbonate, the
better the sustainability footprint of the process is. The process allows for circular utilisation of
plastics. In addition, the process allows for increased efficiency in the production of
polycarbonate in that the fraction of propylene in the cracked hydrocarbon stream D is

increased.

[0014] In the context of the present invention, polycarbonates are to be understood to be
polymers comprising moieties derived from bisphenol-A. Polycarbonates may for example be
polymers obtained by polymerisation of a reaction mixture comprising bisphenol- A and
phosgene, or by polymerisation of a reaction mixture comprising bisphenol-A and diphenyl

carbonate.

[0015] The weight ratio of steam to feed C may for example be > 0.3 and < 0.8, preferably > 0.3
and < 0.7, more preferably > 0.30 and < 0.50.

[0016] The process of the present invention allows for the conversion of the waste plastics

material into a polycarbonate product.

[0017] The waste plastics feedstock that is used for the production of the hydrocarbon stream A
of the present process may for example comprise polyolefins, polyesters, thermoplastic

elastomers, polyvinyl chlorides, polystyrenes, or polycarbonates.

[0018] Waste plastic feedstocks that may be used for the production of the hydrocarbon stream
A can be mixtures comprising polyolefins, polyesters, thermoplastic elastomers, polyvinyl
chlorides, polystyrenes, or polycarbonates. In particular, the waste plastic feedstock that may be
used for the production of the hydrocarbon stream A can be mixtures comprising > 25.0 wt% of
polyolefins, with regard to the total weight of the waste plastic feedstock. Preferably, the waste
plastic feedstock may comprise > 40.0 wt% of polyolefins, more preferably > 50.0 wt%, even
more preferably > 60.0 wt%, or > 70.0 wt%. The waste plastic feedstock may comprise a

fraction of non-thermoplastics materials. Such non-thermoplastic materials may for example be

4
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hydrocarbon-based materials, such as rubber materials, but may also be materials including
paper, sand and soil. It is an advantage of the present invention that waste plastics feedstocks
containing at most 10 wt%, preferably at most 5.0 wt%, more preferably at most 2.0 wt%, of
materials selected from paper, sand and soil, and combinations thereof, may be used in a
process for preparation of polypropylene. This allows for the processing of such feedstocks

without the need for cleaning processes that may require use of solvents or detergents.

[0019] For example, the waste plastics feedstock may comprise < 10.0 wt% of ingredients
being the sum of the content of glass, paper, metal, cardboard, compostable waste, wood,
stone, textiles, rubber materials and superabsorbent hygiene products, with regard to the total

weight of the waste plastics feedstock.

[0020] The waste plastics feedstock may for example comprise = 90.0 wt% of polymeric

material, with regard to the total weight of the waste plastics feedstock.

[0021] The waste plastics feedstock may for example comprise a quantity of polyesters. For
example, the waste plastics feedstock may comprise < 20.0 wt% of polyesters, preferably <
15.0 wt%, more preferably < 10.0 wt%, even more preferably < 5.0 wt%, even further preferably

< 2.0 wt%. The waste plastics feedstock may in certain embodiments be free from polyesters.

[0022] A particular type of polyester that typically can be present in waste plastic feedstocks
such as employed in the preparation of the hydrocarbon stream A as used in the present
process is polyethylene terephthalate, which may also be referred to as PET. The waste plastics
feedstock may for example comprise a quantity of PET. For example, the waste plastics
feedstock may comprise < 20.0 wt% of PET, preferably < 15.0 wt%, more preferably < 10.0
wt%, even more preferably < 5.0 wt%, even further preferably < 2.0 wt%. The waste plastics

feedstock may in certain embodiments be free from PET.

[0023] Polyesters such as PET contain oxygen atoms in their polymeric chains. The presence
of compounds comprising oxygen atoms in the hydrocarbon stream A is subject to certain
limitation, since an excess quantity of oxygen atoms in the compounds that are supplied to the
thermal cracker furnace may lead to problems including fouling and corrosion in the down-
stream processing of the cracked hydrocarbon stream D exiting from the thermal cracker

furnace. Accordingly, there is a desire to control or even minimise the quantity of oxygen-
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containing polymers in the waste plastics feedstock that is used to prepare the hydrocarbon
stream A.

[0024] The waste plastics feedstock may for example comprise a quantity of polyamides. For
example, the waste plastics feedstock may comprise < 20.0 wt% of polyamides, preferably <
15.0 wt%, more preferably < 10.0 wt%, even more preferably < 5.0 wt%, even further preferably

< 2.0 wt%. The waste plastics feedstock may in certain embodiments be free from polyamides.

[0025] Particular types of polyamide that typically can be present in waste plastic feedstocks
such as employed in the preparation of the hydrocarbon stream A as used in the present
process are polyamide 6 and polyamide 6,6, which may also be referred to as PAG6 and PAG6,
respectively. The waste plastics feedstock may for example comprise a quantity of PAG or
PABGG. For example, the waste plastics feedstock may comprise < 20.0 wt% of total of PA 6 and
PAGB, preferably < 15.0 wt%, more preferably < 10.0 wt%, even more preferably < 5.0 wt%,
even further preferably < 2.0 wt%. The waste plastics feedstock may in certain embodiments be
free from PAG and/or PAGG.

[0026] The waste plastics feedstock may for example comprise a quantity of polyvinyl chlorides,
which may also be referred to as PVC. For example, the waste plastics feedstock may comprise
< 5.0 wt% of PVC, preferably < 2.0 wt%, more preferably < 1.0 wt%, even more preferably < 0.5
wt%, even further preferably < 0.1 wt%. The waste plastics feedstock may in certain

embodiments be free from PVC.

[0027] The waste plastics feedstock may for example comprise
o < 20.0wt%, preferably < 10.0 wt% of polyesters; and/or
o < 20.0 wt%, preferably < 10.0 wt% of polyamides; and/or
o < 2.0wt%, preferably < 1.0 wt% of polyvinyl chloride

with regard to the total weight of polymeric material in the waste plastics feedstock .

[0028] The presented percentages of polyesters, polyamides and PVC in the waste plastics
feedstock are to be understood to be percentages by weight of the total weight of polymeric

material present in the waste plastics feedstock.
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[0029] The waste plastic feedstock may further comprise a quantity of moisture, for example the
waste plastics feedstock may contain up to 20.0 wt% of moisture, preferably up to 10.0 wt%,

more preferably up to 5.0 wt%.

[0030] The present process allows for the cracked hydrocarbon stream D to contain a
particularly high fraction of propylene and benzene. The higher the fraction of propylene and
benzene in the cracked product, the better the efficiency of the process towards polycarbonate

is.

[0031] It is preferred that the hydrocarbon stream A has an initial boiling point > 25 °C and a
final boiling point of < 350 °C, wherein the initial boiling point and the final boiling point are
determined in accordance with ASTM D86 (2012).

[0032] The hydrocarbon stream A may for example have an initial boiling point of > 25°C,
preferably of > 30°C, more preferably of > 35°C, even more preferably of > 40°C. The
hydrocarbon stream A may for example have an initial boiling point of < 100°C, preferably <
90°C, more preferably < 80°C, even more preferably < 70°C, or < 60°C, or < 50°C.

[0033] The hydrocarbon stream A may for example have a final boiling point of < 350°C,
preferably of < 325°C, more preferably of < 300°C, even more preferably of < 275°C, even more
preferably of < 250°C, or < 225°C, or < 200°C. The hydrocarbon stream A may for example
have a final boiling point of > 150°C, preferably > 175°C, more preferably > 200°C, even more
preferably > 250°C, or > 275°C, or > 300°C.

[0034] The hydrocarbon stream A is a material stream that is obtained by treatment of a waste
plastics feedstock. For example, hydrocarbon stream A may be obtained by processing a waste
plastics stream in a pyrolysis unit followed by a hydrogenation treatment of the product obtained

from the pyrolysis unit.

[0035] Such pyrolysis unit may be a continuously operating unit, wherein a stream of waste
plastics is continuously supplied to the unit and at least a liquid stream comprising pyrolysis
products is continuously obtained from the unit. Alternatively, the pyrolysis unit may be a batch-

wise operating using wherein a quantity of waste plastics is introduced into the unit, subjected to
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pyrolysis conditions, and subsequently at least a liquid stream comprising pyrolysis products is

obtained from the unit.

[0036] The pyrolysis process that is performed in the pyrolysis unit may be a low-severity
pyrolysis process or a high-severity pyrolysis process. In a low-severity pyrolysis process, the
pyrolysis may be performed at a temperature of = 250°C and < 450°C, preferably = 275°C and <
425°C, more preferably = 300°C and < 400 °C. Alternatively, the pyrolysis process may be a
high-severity process performed at a temperature of = 450°C and < 750°C, preferably = 500°C
and < 700 °C, more preferably = 550°C and < 650°C.

[0037] The pyrolysis process may be a catalytic process. In such pyrolysis process, for example
a quantity of a zeolite catalyst such as a ZSM-5 zeolite catalyst may be used. In such pyrolysis
process, for example a quantity of spent FCC catalyst may be used. In particular, a composition
comprising a quantity of ZSM-5 catalyst and a quantity of spent FCC catalyst may be used. For
example, a composition comprising a quantity of ZSM-5 and a quantity of spent FCC catalyst
may be used, wherein the weight ratio of the spent FCC catalyst to the ZSM-5 catalyst is

between 0.5 and 5.0, such as between 1.0 and 3.0.

[0038] From the pyrolysis process, a liquid hydrocarbon stream may be obtained. The liquid
hydrocarbon stream may for example comprise a quantity of n-paraffins, a quantity of iso-
paraffins, a quantity of olefins, a quantity of naphthenes, and/or a quantity of aromatics. The
liquid hydrocarbon stream may for example comprise a quantity of n-paraffins, a quantity of iso-

paraffins, a quantity of olefins, a quantity of naphthenes, and a quantity of aromatics.

[0039] In the context of the present invention, n-paraffins that may be present in the
hydrocarbon stream A may for example include n-alkanes having 3 to 40 carbon atoms. The
iso-paraffins that may be present in the hydrocarbon stream A may for example have 3 to 40
carbon atoms. The naphtenes that may be present in the hydrocarbon stream A may for
example have 3 to 40 carbon atoms. The aromatics that may be present in the hydrocarbon

stream A may for example have 6 to 40 carbon atoms.

[0040] The liquid hydrocarbon stream from the pyrolysis process may for example comprise =
25.0 and = 95.0 wt% of n-paraffins, with regard to the total weight of the liquid hydrocarbon

stream from the pyrolysis process. Preferably, the liquid hydrocarbon stream from the pyrolysis
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process comprises = 25.0 and < 80.0 wt% of n-paraffins, more preferably = 25.0 and < 70.0

wt%, even more preferably preferably = 25.0 and < 50.0 wt%.

[0041] The liquid hydrocarbon stream from the pyrolysis process may for example comprise =
5.0 and = 40.0 wt% of iso-paraffins, with regard to the total weight of the hydrocarbon stream A.
Preferably, the liquid hydrocarbon stream from the pyrolysis process comprises = 5.0 and < 30.0
wt% of iso-paraffins, more preferably = 7.5 wt% and < 25.0 wt%.

[0042] The liquid hydrocarbon stream from the pyrolysis process may for example comprise <
50.0 wt% of olefins, with regard to the total weight of the liquid hydrocarbon stream from the
pyrolysis process. Preferably, the liquid hydrocarbon stream from the pyrolysis process

comprises < 40.0 wt% of olefins, more preferably < 35.0 wt%, even more preferably < 30.0 wi%.

[0043] The liquid hydrocarbon stream from the pyrolysis process may for example comprise =
5.0 and = 50.0 wt% of olefins, with regard to the total weight of the liquid hydrocarbon stream
from the pyrolysis process. Preferably, the liquid hydrocarbon stream from the pyrolysis process

comprises = 10.0 and < 40.0 wt% of olefins, more preferably = 15.0 and < 35.0 wt%.

[0044] The liquid hydrocarbon stream from the pyrolysis process may for example comprise =
5.0 and = 20.0 wt% of napththenes, with regard to the total weight liquid hydrocarbon stream
from the pyrolysis process. Preferably, the liquid hydrocarbon stream from the pyrolysis process

comprises = 5.0 and < 15.0 wt% of naphthenes, more preferably = 7.5 wt% and < 15.0 wt%.

[0045] The liquid hydrocarbon stream from the pyrolysis process may for example comprise =
5.0 and = 15.0 wt% of aromatics, with regard to the total weight liquid hydrocarbon stream from
the pyrolysis process. Preferably, the liquid hydrocarbon stream from the pyrolysis process
comprises = 5.0 and < 12.5 wt% of aromatics, more preferably = 7.5 wt% and < 12.5 wt%.

[0048] The liquid hydrocarbon stream from the pyrolysis process may for example comprise:
o =250and= 95.0wt%, preferably = 25.0 and < 70.0 wt%, more preferably =
25.0 and = 50.0 wt%, of n-paraffins; and/or
e =50and=20.0wt%, preferably = 5.0 and < 15.0 wt%, more preferably = 7.5
and £ 15.0 wt%, of iso-paraffins; and/or
e =50and=50.0wt%, preferably = 10.0 and < 40.0 wt%, more preferably = 15.0
and < 35.0 wt%, of olefins; and/or
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e =50and = 20.0 wt%, preferably = 5.0 and < 15.0 wt%, more preferably = 7.5
and < 15.0 wt%, of napthenes; and/or

e =50and =150 wt%, preferably = 5.0 and < 12.5 wt%, more preferably = 7.5
and < 12.5 wt%, of aromatics

with regard to the total weight of the liquid hydrocarbon stream from the pyrolysis process.

[0047] In the context of the present invention, the atomic chlorine content is to be understood to
be the total weight of chlorine atoms present in molecules in the hydrocarbon stream as fraction
of the total weight of the hydrocarbon stream. The atomic nitrogen content is to be understood
to be the total weight of nitrogen atoms present in molecules in the hydrocarbon stream as

fraction of the total weight of the hydrocarbon stream.

[0048] The liquid hydrocarbon stream from the pyrolysis process may for example comprise a
certain quantity of contaminants. For example, the liquid hydrocarbon stream from the pyrolysis
process may contain a quantity of compounds comprising chlorine atoms. The quantity of
compounds comprising chlorine atoms may be expressed as the atomic chlorine content of the
liquid hydrocarbon stream from the pyrolysis process. For example, the liquid hydrocarbon
stream from the pyrolysis process may have an atomic chlorine content of < 800 ppm by weight,
as determined in accordance with ASTM UOP 779-08, preferably < 700 ppm, more preferably <

600 ppm, even more preferably < 500 ppm, even more preferably < 400 ppm.

[0049] The liquid hydrocarbon stream from the pyrolysis process may comprise a quantity of
compounds comprising nitrogen atoms. The quantity of compounds comprising nitrogen atoms
may be expressed as the atomic nitrogen content of the liquid hydrocarbon stream from the
pyrolysis process. For example, the liquid hydrocarbon stream from the pyrolysis process may
have an atomic nitrogen content of < 1600 ppm by weight, as determined in accordance with
ASTM D5762 (2012), preferably < 1500 ppm, more preferably < 1400 ppm, even more
preferably < 1300 ppm, even more preferably < 1200 ppm, or < 1100 ppm, or < 1000 ppm. For
example, the liquid hydrocarbon stream from the pyrolysis process may have an atomic nitrogen
content of <100 ppm by weight as determined in accordance with ASTM D4629 (2017).

[0050] The liquid hydrocarbon stream from the pyrolysis process may comprise a quantity of
compounds containing olefinic unsaturations. An indication for the quantity of olefinic

unsaturations is the bromine number of the hydrocarbon stream. The bromine number indicates

10
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the quantity of bromine in g that reacts with 100 g of the hydrocarbon specimen when tested
under the conditions of ASTM D1159-07 (2012). For example, the liquid hydrocarbon stream
from the pyrolysis process as used in the process of the present invention may have a bromine

number of < 100, preferably < 95, more preferably < 90, even more preferably < 85.

[0051] The liquid hydrocarbon stream from the pyrolysis process may be subjected to a
hydrotreatment process to result in the hydrocarbon stream A that may be supplied to the
process for preparation of propylene-based polymers according to the present invention. Such
hydrotreatment process may be a process in which the liquid hydrocarbon stream from the

pyrolysis process is subjected to hydrogen, such as in the presence of a catalyst.

[0052] The hydrotreatment process may involve hydrogenation, hydrocracking,
hydrodearomatisation, hydrodesulfurisation, and hydrodenitrification. The hydrotreatment may
be performed in a reactor vessel operated at temperatures of between 200°C and 500°C. The

hydrotreatment may be performed at a pressure of up to 25 MPa, preferably up to 20 MPa.

[0053] The liquid product that is obtained from the hydrotreatment step may be supplied to the
process of the invention as hydrocarbon stream A. The hydrocarbon stream A may for example
comprise a quantity of n-paraffins, a quantity of iso-paraffins, a quantity of olefins, a quantity of
naphthenes, and/or a quantity of aromatics. The liquid hydrocarbon stream may for example

comprise a quantity of n-paraffins, a quantity of iso-paraffins, a quantity of olefins, a quantity of

naphthenes, and a quantity of aromatics.

[0054] In the context of the present invention, n-paraffins that may be present in the
hydrocarbon stream A may for example include n-alkanes having 3 to 40 carbon atoms. The
iso-paraffins that may be present in the hydrocarbon stream A may for example have 3 to 40
carbon atoms. The naphtenes that may be present in the hydrocarbon stream A may for
example have 3 to 40 carbon atoms. The aromatics that may be present in the hydrocarbon

stream A may for example have 6 to 40 carbon atoms.

[0055] The hydrocarbon stream A may for example comprise = 25.0 and < 95.0 wt% of n-
paraffins, with regard to the total weight of the hydrocarbon stream A. Preferably, the
hydrocarbon stream A comprises = 25.0 and < 80.0 wt% of n-paraffins, more preferably = 25.0
and < 70.0 wt%.

11
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[0056] The hydrocarbon stream A may for example comprise = 5.0 and < 70.0 wt% of iso-
paraffins, with regard to the total weight of the hydrocarbon stream A. Preferably, the
hydrocarbon stream A comprises = 5.0 and < 50.0 wt% of iso-paraffins, more preferably = 7.5
wt% and < 40.0 wt%.

[0057] The hydrocarbon stream A may for example comprise < 5.0 wt% of olefins, with regard
to the total weight of the hydrocarbon stream A. Preferably, the hydrocarbon stream A

comprises < 2.0 wt% of olefins, more preferably < 1.0 wt%.

[0058] The hydrocarbon stream A may for example comprise = 5.0 and < 20.0 wt% of
napththenes, with regard to the total weight of the hydrocarbon stream A. Preferably, the
hydrocarbon stream A comprises = 5.0 and < 15.0 wt% of naphthenes, more preferably = 7.5
wt% and < 15.0 wt%.

[0059] The hydrocarbon stream A may for example comprise = 5.0 and < 15.0 wt% of
aromatics, with regard to the total weight of the hydrocarbon stream A. Preferably, the
hydrocarbon stream A comprises = 5.0 and < 12.5 wt% of aromatics, more preferably = 7.5 wt%
and < 12.5 wt%.

[0060] The hydrocarbon stream A may for example comprise:

o =250and = 95.0 wt%, preferably = 25.0 and < 80.0 wt%, more preferably =
25.0 and = 70.0 wt%, of n-paraffins; and/or

e =50and=70.0wt%, preferably = 5.0 and =< 50.0 wt%, more preferably = 7.5
and < 40.0 wt%, of iso-paraffins; and/or

o =50wt%, preferably < 2.0 wt%, more preferably 1.0 wt%, of olefins; and/or

e =50and=20.0wt%, preferably = 5.0 and < 15.0 wt%, more preferably = 7.5
and < 15.0 wt%, of napthenes; and/or

e =50and=15.0wt%, preferably = 5.0 and < 12.5 wt%, more preferably = 7.5
and < 12.5 wt%, of aromatics

with regard to the total weight of the hydrocarbon stream A.

[0061] The hydrocarbon stream A may for example comprise a certain quantity of
contaminants. For example, the hydrocarbon stream A may contain a quantity of compounds
comprising chlorine atoms. The quantity of compounds comprising chlorine atoms may be

expressed as the atomic chlorine content of the hydrocarbon stream A. For example, the
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hydrocarbon stream A may have an atomic chlorine content of < 10 ppm by weight, as
determined in accordance with ASTM UOP 779-08, preferably < 5 ppm, more preferably < 2

ppm.

[0062] The hydrocarbon stream A may comprise a quantity of compounds comprising nitrogen
atoms. The quantity of compounds comprising nitrogen atoms may be expressed as the atomic
nitrogen content of the hydrocarbon stream A. For example, the hydrocarbon stream A may
have an atomic nitrogen content of < 50 ppm by as determined in accordance with ASTM

D4629 (2017), preferably < 10 ppm, more preferably < 5 ppm, even more preferably < 2 ppm.

[0063] The hydrocarbon stream A may comprise a quantity of compounds containing olefinic
unsaturations. An indication for the quantity of olefinic unsaturations is the bromine number of
the hydrocarbon stream. The bromine number indicates the quantity of bromine in g that reacts
with 100 g of the hydrocarbon specimen when tested under the conditions of ASTM D1159-07
(2012). For example, the hydrocarbon stream A as used in the process of the present invention
may have a bromine number of < 10, preferably < 7.5, more preferably < 5.0, even more

preferably < 3.0, even more preferably < 1.0.

[0064] The hydrocarbon stream A may comprise a quantity of compounds containing sulfur.
The quantity of compounds containing sulphur may be determined as the total sulfur content in
accordance with ASTM D5453 (2012). For example, the hydrocarbon stream A may have a total
sulfur content of < 500 ppm, preferably < 300 ppm, more preferably < 100 ppm, even more

preferably < 50 ppm.

[0065] It has to be understood that all values expressed herein as ppm reflect parts per million

by weight.

[0066] It is preferred that the hydrocarbon stream B has an initial boiling point > 25 °C and a
final boiling point of < 350 °C, wherein the initial boiling point and the final boiling point are
determined in accordance with ASTM D86 (2012).

[0067] The hydrocarbon stream B may for example have an initial boiling point of > 25°C,
preferably of > 30°C, more preferably of > 35°C, even more preferably of > 40°C. The
hydrocarbon stream B may for example have an initial boiling point of < 100°C, preferably <
90°C, more preferably < 80°C, even more preferably < 70°C, or < 60°C, or < 50°C.

13
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[0068] The hydrocarbon stream B may for example have a final boiling point of < 350°C,
preferably of < 325°C, more preferably of < 300°C, even more preferably of < 275°C, even more
preferably of < 250°C, or < 225°C, or < 200°C. The hydrocarbon stream B may for example
have a final boiling point of > 150°C, preferably > 175°C, more preferably > 200°C, even more
preferably > 250°C, or > 275°C, or > 300°C.

[0069] The hydrocarbon stream B may for example comprise = 25.0 and < 95.0 wt% of n-
paraffins, with regard to the total weight of the hydrocarbon stream B. Preferably, the stream A
comprises = 25.0 and < 80.0 wt% of n-paraffins, more preferably = 25.0 and < 50.0 wt%.

[0070] The hydrocarbon stream B may for example comprise = 5.0 and < 40.0 wt% of iso-
paraffins, with regard to the total weight of the hydrocarbon stream B. Preferably, the
hydrocarbon stream B comprises = 5.0 and < 30.0 wt% of iso-paraffins, more preferably = 7.5
wt% and < 25.0 wt%.

[0071] The hydrocarbon stream B may for example comprise < 2.0 wt% of olefins, with regard
to the total weight of the hydrocarbon stream B. Preferably, the hydrocarbon stream B

comprises < 1.5 wt% of olefins, more preferably < 1.0 wt%, even more preferably < 0.5 wt%.

[0072] The hydrocarbon stream B may for example comprise = 0.01 and < 2.0 wt% of olefins,
with regard to the total weight of the hydrocarbon stream B. Preferably, the hydrocarbon stream
B comprises = 0.01 and = 1.5 wt% of olefins, more preferably = 0.01 and < 1.0 wt%.

[0073] The hydrocarbon stream B may for example comprise = 0.5 and < 50.0 wt% of
napththenes, with regard to the total weight of the hydrocarbon stream B. Preferably, the
hydrocarbon stream B comprises = 5.0 and < 40.0 wt% of naphthenes, more preferably = 7.5
wt% and < 30.0 wt%.

[0074] The hydrocarbon stream B may for example comprise = 0.5 and < 50.0 wt% of
aromatics, with regard to the total weight of the hydrocarbon stream B. Preferably, the
hydrocarbon stream B comprises = 5.0 and < 25.0 wt% of aromatics, more preferably = 7.5 wt%
and < 20.0 wt%.

[0075] The hydrocarbon stream B may for example comprise:
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o =250and=950 wt%, preferably = 25.0 and < 80.0 wt%, more preferably = 25.0
and < 50.0 wt%, of n-paraffins; and/or

e =50and=40.0wt%, preferably = 5.0 and < 30.0 wt%, more preferably = 7.5
and < 25.0 wt%, of iso-paraffins; and/or

o =< 20wt%, preferably = 0.01 and < 1.5 wt%, more preferably = 0.01 and < 1.0
wt%, of olefins; and/or

e =0.5and =50.0 wt%, preferably = 5.0 and < 40.0 wt%, more preferably = 7.5
and < 30.0 wt%, of napthenes; and/or

e =0.5and =50.0 wt%, preferably = 5.0 and < 25.0 wt%, more preferably = 7.5
and < 20.0 wt%, of aromatics

with regard to the total weight of the hydrocarbon stream B.

[0076] The fraction of olefins Fo ¢ in the feed C may be calculated as:

Fooc=Foa*xFyc+Fop*Fp¢

Wherein:
e Foc is the weight fraction of olefins in feed C, in wt%, with regard to the total weight of
feed C;

o Foais the weight fraction of olefins in the hydrocarbon stream A, in wt%, with regard to
the total weight of hydrocarbon stream A;

o Fopis the weight fraction of olefins in the hydrocarbon stream B, in wt%, with regard to
the total weight of hydrocarbon stream B;

e Fac is the weight fraction of hydrocarbon stream A in feed C, with regard to the total
weight of feed C; and

e Fgc is the weight fraction of hydrocarbon stream B in feed C, with regard to the total

weight of feed C.

[0077] Itis preferred that the fraction of olefins Foc in the feed C is < 2.0, preferably < 1.8, more

preferably < 1.6, even more preferably < 1.5 wt% with regard to the total weight of feed C.

[0078] The feed C that is supplied to the thermal cracker furnace comprises a fraction of the

hydrocarbon stream A and a fraction of the hydrocarbon stream B.
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[0079] The feed C may be supplied to the thermal cracker furnace via one or more inlet(s)
wherein the fraction of the hydrocarbon stream A and the hydrocarbon stream B are combined
prior to entering the thermal cracking furnace. Alternatively, the feed C may be supplied to the
thermal cracking furnace in such way that the fraction of hydrocarbon stream A and the fraction

of the hydrocarbon stream B enter the furnace via separate inlets.

[0080] The feed C may for example be a pre-mixed composition comprising a fraction of
hydrocarbon stream A and a fraction of hydrocarbon stream B, wherein the feed C is supplied to
the thermal cracking furnace as a mix via one or more inlets, or alternatively may be the total
quantity of hydrocarbon stream A and hydrocarbon stream B, wherein the feed C is supplied to
the thermal cracking furnace as separate streams of A and B, via one or more inlet(s) for each

stream.

[0081] In the process of the present invention, the coil outlet temperature (COT) of the steam
cracker furnace is = 800 and < 850 °C, preferably = 805 and < 850 °C, more preferably = 805
and < 835 °C. Operating the cracker furnace in this temperature range of COT allows for

cracking the feedstock to a desired product slate with maximized propylene quantities, whilst

ensuring a sustainable and durable operation of the cracker furnace.

[0082] The feed C may for example comprise a quantity of < 99.0 wt, or < 95.0 wt, or < 90.0
wt% of hydrocarbon stream A, with regard to the total weight of feed C, for example < 75.0 wt%,
for example < 60.0 wt%, for example < 50.0 wt%, for example < 40.0 wt%, for example < 25.0
wt%, for example < 20.0 wt%, for example < 10.0 wt%. The feed C may for example comprise a
quantity of = 5.0 wt% of hydrocarbon stream A, preferably = 10.0 wt%, more preferably = 20.0
wt%, even more preferably = 30.0 wt%, even more preferably = 40.0 wt%, even more preferably
= 50.0 wt%, or = 70.0 wt%, or = 90.0 wt%. The feed C may for example comprise a quantity of =
5.0 and = 99.0 wt% of hydrocarbon stream A, preferably = 5.0 and < 95.0 wt%, more preferably
= 5.0 and = 90.0 wt%, more preferably = 10.0 and < 75.0 wt%, more preferably = 20.0 and <
60.0 wt%.

[0083] In a certain embodiment, the feed C may consist of hydrocarbon stream A.
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[0084] Such operation of the process of the invention presents as benefit that is allows for the
use of a hydrocarbon stream A that is obtained as liquid stream from hydrotreatment step
subsequent to a pyrolysis unit. This allows for the conversion of waste plastics as a certain
maijor fraction of a feed for a thermal cracking furnace, and thereby contributes to process

economics of the conversion of waste plastics to new virgin polycarbonate.

[0085] For example, the feed C may for example comprise a quantity of = 5.0 and < 90.0 wt% of
hydrocarbon stream A, preferably = 10.0 and < 75.0 wt%, more preferably = 20.0 and < 60.0
wt%, or may consist of hydrocarbon stream A, preferably wherein hydrocarbon stream A is
obtained as liquid stream from a hydrotreatment unit. In such embodiment, the hydrocarbon
stream A may have:
e an atomic chlorine content of < 10 ppm by weight as determined in accordance with
ASTM UOP 779-08; and/or
e an atomic nitrogen content of < 50 ppm by weight as determined in accordance with
ASTM D5762 (2012); and/or
e a bromine number of < 10 as determined in accordance with ASTM D1159-07 (2012);
and/or

e a sulfur content of < 500 ppm as determined in accordance with ASTM D5453 (2012).

[0086] After the thermal cracking operation (d) is performed, a cracked hydrocarbon stream D is
obtained from the thermal cracking furnace. The composition of the cracked hydrocarbon
stream D depends on the composition of the feed stream C. Typically, a cracked hydrocarbon
stream comprises mono-olefins such as ethylene, propylene, butylenes, di-olefins such as
butadiene, and aromatic compounds. In view of optimised process utilisation, it is desired that
the quantity of ethylene and propylene in the cracked hydrocarbon stream D is high. The
cracked hydrocarbon stream D may for example comprise = 40.0 wt% of the total of ethylene
and propylene, with regard to the total weight of the stream D. Preferably, the stream D may
comprise = 45.0 wt% of the total of ethylene and propylene, more preferably = 50.0 wt% of the

total of ethylene and propylene.

[0087] The process of the present invention allows for production of a particularly high quantity
of propylene as part of the cracked hydrocarbon stream D. For example, the quantity of
propylene in the stream D may be = 10.0 wt%, preferably = 12.5 wt%, more preferably = 15.0

wit%.
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[0088] The process of the present invention allows for production of a particularly high quantity
of benzene as part of the cracked hydrocarbon stream D. For example, the quantity of benzene
in the stream D may be = 7.5 wt%, preferably = 10.0 wt%/

[0089] Upon exiting the thermal cracking furnace, the cracked hydrocarbon stream D is
supplied to a separation unit. In the separation unit, a separation operation is performed to

obtain a product stream E comprising propylene and a product stream F comprising benzene.

[0090] In certain embodiments, the product stream E may preferably comprise > 94.0 vol%, of
propylene, with regard to the total weight of the product stream. In such embodiment, the
product stream E may for example comprise < 6.0 vol% propane. It is preferred that the product
stream E comprises < 2500 ppm by vol. of the total of ethane and methane. A product stream E
of such composition may be used as feed in chemical processes such as in the production of

phenol.

[0091] Preferably, the product stream F comprises > 80.0 vol% of benzene, more preferably >

90.0 vol%, even more preferably > 95.0 vol%, even more preferably > 98.0 vol%.

[0092] In step g, the product stream E and the product stream F are supplied to a reactor,
wherein a reaction is performed, followed by and one or more separation step to obtain a
product stream G comprising phenol. The product stream G preferably comprises > 95.0, more

preferably > 98.0 vol% of phenol.

[0093] The product stream G and acetone are subsequently in step h supplied to a reactor,
wherein a reaction is performed, followed by one or more separation step to obtain a product
stream H comprising bisphenol-A. The product stream H preferably comprises > 95.0, more

preferably > 98.0 vol% of bisphenol-A.

[0094] Subsequently, the product stream H with phosgene or diphenyl carbonate is provided to
a reactor, wherein a polymerisation reaction is performed to obtain a polycarbonate. The
polymerisation may for example be a melt-phase polymerisation process performed in the
presence of dimethyl carbonate, an interfacial polymerisation process performed in the

presence of phosgene.
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[0095] The invention will now be illustrated by the following non-limiting examples. The
presented values for the examples have been obtained by modelling steam cracking operations
of various feedstocks using as modelling software the Spyro 6.5 package, a commercially

available modelling software package obtainable from Technip/Pyrotec.

[0096] Modelling was performed using feedstocks having the compositions as set out below in
table 1.

Table 1: Compositions of feedstocks used in modelling via Spyro 6.5.

FF HT
n-paraffins 30 51
iso-paraffins 32 30
olefins 0 0.7
napthenes 19 8
aromatics 19 10

Wherein the percentage as expressed represents a weight percentage of the respective

fractions with regard to the total weight of the feedstock.

[0097] FF is a conventional fossil feedstock of the naphtha range and corresponds to
hydrocarbon stream B as defined in the current invention. HT is a feed obtained as liquid stream
from the hydrotreatment of a liquid stream obtained from the pyrolysis of waste plastics and

corresponds to hydrocarbon stream A as defined in the current invention.

[0098] Using the above feedstocks, a number of calculations using the Spyro 6.5 package were

performed according to the conditions set out below in table 2.

Table 2: Conditions for modelling in Spyro 6.5.

Experiment Feed COoT S/0
1A 100% FF 810 0.35
1B 5.0% HT; 95.0% FF 810 0.35
1C 10.0% PY; 90.0% FF 810 0.35
1D 100% HT 810 0.35
2A 100% FF 820 0.35
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2B 5.0% PY; 95.0% FF 820 0.35
2C 10.0% PY; 90.0% FF 820 0.35
2D 100% HT 820 0.35
3A 100% FF 840 0.35
3B 5.0% PY; 95.0% FF 840 0.35
3C 10.0% PY; 90.0% FF 840 0.35
3D 100% HT 840 0.35
4A 100% FF 860 0.35
4B 5.0% PY; 95.0% FF 860 0.35
4C 10.0% PY; 90.0% FF 860 0.35
4D 100% HT 860 0.35
Wherein:

e Feedis the composition of feed C, wherein the percentages are in wt% of each of the
feedstocks with regard to the total weight of feed C.
e COT is the coil outlet temperature of the steam cracker furnace, in °C.

e S/0Ois the weight ratio of steam to feed C.

[0099] Using the above conditions, the model calculations provided the product slate of the

cracking operations performed for each of the listed experiments, results of which are presented

below.
Experiment C3= Be C3=+Be
1A 14.14 11.20 25.33
1B 14.26 10.92 25.18
1C 14.38 10.65 25.03
1D 16.46 6.11 22.57
2A 13.60 11.60 25.20
2B 13.72 11.33 25.05
2C 13.83 11.08 24.91
2D 15.83 6.74 22.58
3A 12.17 12.32 24.49
3B 12.28 12.08 24.36
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3C 12.38 11.85 24.23

3D 14.23 7.95 22.18

4A 10.34 12.90 23.24

4B 10.43 12.68 23.12

4C 10.53 12.47 23.00

4D 12.20 9.02 21.22
Wherein:

e (3= is the wt% of propylene as part of the cracked hydrocarbon stream, corresponding
to the cracked hydrocarbon stream D as defined in the present invention.

o Beis the wt% of benzene as part of the cracked hydrocarbon stream, corresponding to
the cracked hydrocarbon stream D as defined in the present invention.

e (3= + Beis the total wt% of propylene + benzene as part of the cracked hydrocarbon
stream, corresponding to the cracked hydrocarbon stream D as defined in the present

invention.
[0100] As indicated by the results of the cracker modelling above, the process according to the

present invention allows for the optimization of yield of polycarbonate, whilst allowing for a

circular use of waste plastics given the feedstock being based on waste plastics.
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Claims

1. Process for the production of polycarbonates from waste plastics feedstocks comprising
the steps in this order of:

(a) providing a hydrocarbon stream A obtained by hydrotreatment of a pyrolysis oil
produced from a waste plastics feedstock;

(b) optionally providing a hydrocarbon stream B;

(c) supplying a feed C comprising a fraction of the hydrocarbon stream A and optionally
a fraction of the hydrocarbon stream B to a thermal cracker furnace comprising
cracking coil(s);

(d) performing a thermal cracking operation in the presence of steam to obtain a
cracked hydrocarbon stream D;

(e) supplying the cracked hydrocarbon stream D to a separation unit;

(fHh  performing a separation operation in the separation unit to obtain a product stream
E comprising propylene and a product stream F comprising benzene;

(@) supplying the product stream E and the product stream F to a reactor and
performing a reaction and one or more separation step to obtain a product stream G
comprising phenol;

(h) supplying the product stream G and acetone to a reactor and performing a reaction
and one or more separation step to obtain a product stream H comprising bisphenol-
A; and

()  supplying the product stream H with phosgene or diphenyl carbonate to a reactor

and performing a polymerisation reaction to obtain a polycarbonate.

wherein in step (d):
¢ the coil outlet temperature is = 800 and < 850 °C, preferably = 805 and < 835 °C;
and

e the weight ratio of steam to feed C is > 0.3 and < 0.8, preferably > 0.3 and < 0.5.

2. Process according to claim 1, wherein the hydrocarbon stream A has an initial boiling
point > 25 °C and a final boiling point of < 350 °C, wherein the initial boiling point and the
final boiling point are determined in accordance with ASTM D86 (2012).
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Process according to any one of claims 1-2, wherein the hydrocarbon stream A has an
atomic chlorine content of < 10 ppm by weight as determined in accordance with ASTM
UOP 779-08.

Process according to any one of claims 1-3, wherein the hydrocarbon stream A has an
atomic nitrogen content of <50 ppm by weight as determined in accordance with ASTM
D4629 (2017).

Process according to any one of claims 1-4 wherein the hydrocarbon stream A has a
bromine number of < 10 as determined in accordance with ASTM D1159-07 (2012).

Process according to any one of claims 1-5 wherein the hydrocarbon stream A has a total
sulfur content of < 500 ppm as determined in accordance with ASTM D5453 (2012).

Process according to any one of claims 1-5, wherein
() the hydrocarbon stream A comprises:
o =250and = 95.0wt%, preferably = 25.0 and < 70.0 wt%, more preferably =
25.0 and = 50.0 wt%, of n-paraffins; and/or
e =50and=20.0wt%, preferably = 5.0 and < 15.0 wt%, more preferably = 7.5
and < 15.0 wt%, of iso-paraffins; and/or
e =50and=50.0wt%, preferably = 10.0 and < 40.0 wt%, more preferably =
15.0 and < 35.0 wt%, of olefins; and/or
e =50and=20.0wt%, preferably = 5.0 and < 15.0 wt%, more preferably = 7.5
and < 15.0 wt%, of napthenes; and/or
e =50and=15.0wt%, preferably = 5.0 and < 12.5 wt%, more preferably = 7.5
and < 12.5 wt%, of aromatics;
with regard to the total weight of the hydrocarbon stream A; and/or
(ii) the hydrocarbon stream B comprises:
o =250and = 95.0 wt%, preferably = 25.0 and < 80.0 wt%, more preferably =
25.0 and = 50.0 wt%, of n-paraffins; and/or
e =50and=40.0wt%, preferably = 5.0 and =< 30.0 wt%, more preferably = 7.5
and = 25.0 wt%, of iso-paraffins; and/or
o =<2.0wt%, preferably = 0.01 and < 1.5 wt%, more preferably = 0.01 and < 1.0

wt%, of olefins; and/or
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e =0.5and = 50.0 wt%, preferably = 5.0 and =< 40.0 wt%, more preferably = 7.5
and < 30.0 wt%, of napthenes; and/or

e =0.5and = 50.0 wt%, preferably = 5.0 and =< 25.0 wt%, more preferably = 7.5
and < 20.0 wt%, of aromatics

with regard to the total weight of the hydrocarbon stream B.

8. Process according to any one of claims 1-6, wherein in step (c), the feed C consists of the
hydrocarbon stream A or wherein the feed C comprises = 5.0 and < 90.0 wt%, preferably
= 20.0 and < 60.0 wt%, of hydrocarbon stream A, with regard to the total weight of feed C.

9. Process according to any one of claims 1-8, wherein the waste plastics feedstock
comprises = 90.0 wt% of polymeric material, with regard to the total weight of the waste

plastics feedstock.

10. Process according to any one of claims 1-9, wherein the waste plastics feedstock
comprises
o < 20.0wt%, preferably < 10.0 wt% of polyesters; and/or
o < 20.0 wt%, preferably < 10.0 wt% of polyamides; and/or
o < 2.0wt%, preferably < 1.0 wt% of polyvinyl chloride

with regard to the total weight of polymeric material in the waste plastics feedstock .

11.  Process according to any one of claims 1-10, wherein the waste plastics feedstock
comprises < 10.0 wt% of ingredients being the sum of the content of glass, paper, metal,
cardboard, compostable waste, wood, stone, textiles, rubber materials and
superabsorbent hygiene products, with regard to the total weight of the waste plastics

feedstock.

12. Process according to any one of claims 1-11, wherein the polymerisation is
I. amelt-phase polymerisation process performed in the presence of dimethyl
carbonate; or

II.  an interfacial polymerisation process performed in the presence of phosgene.
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