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(54) PROCESS FOR CONVERSION OF WASTE PLASTICS INTO HYDROCARBONS

(67)  The present invention relates to a process for
production of chemical feedstocks from waste plastics,
the process comprising providing a process configuration
comprising a fractionation tower (1), a furnace (2) and
one or more coke drum(s) (3) configured so that a bot-
toms stream (A) from the fractionation tower is supplied
to the furnace, the product stream from the furnace (C)
is supplied to a coke drum, and an overhead stream (D)
from the coke drum is supplied back to the fractionation
tower;

wherein further a waste plastics stream (B) is supplied

to the furnace; and
wherein a conversion of a hydrocarbon composition com-
prising the bottoms stream (A) and the waste plastics
stream (B) in the presence of a catalyst is performed.
Such process allows for the conversion of a wide
variety of waste plastics into valuable chemical products.
Furthermore, such process allows for the increase in pro-
duction of naphtha-range hydrocarbon products that may
be used for production of for example new thermoplastic
polymer product via conversion in steam cracker facili-
ties.
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Description

[0001] The present invention relates to a process for
conversion of waste plastics into hydrocarbons, such as
hydrocarbons that may be used to form new plastics. In
particular, the invention relates to a process for conver-
sion of waste plastics into hydrocarbons via delayed cok-
ing.

[0002] To the background of the present global devel-
opments to reduce energy and material footprint in
amongst others the manufacturing of materials such as
polymers and chemicals, there is a clear driver to seek
reduction of energy and raw materials that are used in
manufacturing of such materials. Particularly, there is a
driver to enhance circularity of use of materials, after hav-
ing arrived at end-of-life for a certain application, thereby
reducing the use of virgin raw materials in the manufac-
turing of polymers and chemicals, which typically are fos-
sil-feed based raw materials, obtained from crude oil or
natural gas feedstocks. By increasing the circularity, the
use of virgin raw materials is reduced, and thereby the
materials footprint associated with the manufacturing of
polymers and chemicals.

[0003] A promising way of increasing the circularity is
by re-using end-of-life plastics, collected and made avail-
able as waste plastics streams. Such waste plastics
streams can be obtained from consumer waste collec-
tion, from industrial waste collection, or by collection of
waste as littered in the environment, either as aquatic
littering or as land-based littering. Typically, such waste
plastics streams are mixtures of various types and qual-
ities of plastics. Through sorting, certain streams may be
obtained that qualify for re-use as thermoplastics, either
by directly subjecting them to thermal shaping processes
or via blending them with high-quality virgin-type plastic
materials to compensate for loss of properties. Such way
of re-use of material however is only appropriate for a
limited fraction of waste plastics that can be sorted out
of the mixed waste streams as provided from waste col-
lection so that the obtained stream has high uniformity
of material composition.

[0004] Still, typically a significant portion of the waste
plastics as provided by collection, if not a major portion,
is not suitable for such direct re-use as polymer. Such
mixed plastic waste commonly is discarded of by proc-
esses like waste incineration. In order to increase mate-
rial circularity, there is a desire to develop alternative
processing methods for such mixed waste plastic
streams. One route for doing so is by means of chemical
recycling, wherein the polymer materials that constitute
the waste plastics streams are depolymerised to provide
hydrocarbon materials that, directly or indirectly, can by
once again be converted into polymers through polym-
erisation processes.

[0005] Such chemical conversion processes provide
certain benefits, amongst others in that they may be op-
erated using waste plastic compositions of varying na-
ture, including waste plastic compositions that show par-

10

15

20

25

30

35

40

45

50

55

ticularly large variation in batch-to-batch composition.
[0006] It is particularly desirable for one to be able to
utilise existing chemical conversion process technolo-
gies for the purpose of converting waste plastic streams
into valuable hydrocarbon materials. Therefore, where a
technology would be made available via which existing
petrochemical assets would be rendered suitable for use
in conversion of waste plastics streams into hydrocar-
bons, such would be broadly desirable.

[0007] One such opportunity now is presented by cer-
tain refinery assets. In view of reduced hydrocarbon con-
sumption for energy and transport, whichis a current and
expectedly further developing trend, a certain fraction of
the ubiquitously presentrefinery assets may well become
underutilised or even idled, and therefore available for
alternative uses. One such use may well be the conver-
sion of waste plastics into hydrocarbons that can serve
as feedstocks for making chemical and/or polymer prod-
ucts, thereby creating a circular economy of plastics ma-
terials and reducing the material footprint.

[0008] In accordance with the present invention, this
has now been provided by a process for production of
chemical feedstocks from waste plastics, the process
comprising providing a process configuration comprising
a fractionation tower (1), a furnace (2) and one or more
coke drum(s) (3) configured so that a bottoms stream (A)
from the fractionation tower is supplied to the furnace,
the product stream from the furnace (C) is supplied to a
coke drum, and an overhead stream (D) from the coke
drum is supplied back to the fractionation tower;
wherein further a waste plastics stream (B) is supplied
to the furnace, preferably via injecting the stream (B) into
stream (A) prior to supplying it to the furnace; and
wherein a conversion of a hydrocarbon composition com-
prising the bottoms stream (A) and the waste plastics
stream (B) in the presence of a catalyst is performed.
[0009] Such process allows for the conversion of a
wide variety of waste plastics into valuable chemical
products. Furthermore, such process allows for the in-
crease in production of naphtha-range hydrocarbon
products that may be used for production of, for example,
new polymer products via conversion in steam cracker
facilities.

[0010] The process in accordance with the presentin-
vention is further elucidated by the Figure 1. In Figure 1,
the unit (1) represents the fractionation tower. The fur-
nace is represented by unit (2). The coke drum(s) are
represented by units (3). This configuration presents a
representative embodiment of the invention, but does not
limit the invention thereto. The process according to the
present invention may comprise one single coke drum
(3), or multiple coke drums. Figure 1 presents a particular
embodiment of the invention, wherein two coke drums
are present. Such configuration allows for switching op-
erations between the coke drums so that one drum can
be used in operation whilst the other drum can be cleaned
out. From the fractionation tower, a bottoms stream (A)
is provided to feed the furnace. The bottoms stream (A)
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may for example be supplied at a temperature of > 300
and < 400 °C. Out of the furnace, a furnace product
stream (C) is provided to coke drum(s). Feed (B) is a
waste plastics stream, which is fed into the furnace, pref-
erably viainjecting into stream (A). Out of the coke drums,
a cracked overhead product (D) is obtained that is to be
supplied to the fractionation tower for fractionation, with
a fraction residual oil (K), into typically a top gaseous
stream (F), a naphtha-range stream (G), a light gas oll
stream (J), a heavy gas oil stream (H), and a bottoms
stream (A). Further, out of the coke drums, a coke stream
(E) is obtained, which accumulates in the drum, to be
evacuated therefrom upon discontinuation of the opera-
tion of that drum.

[0011] Thefurnace (2) that may be usedinthe process
according to the present invention may for example be
afurnace in which multiple feed tubes are passed through
a heating chamber, also referred to as a firebox, so that
the feed is heated by external heating. The tubes may
be passed through the firebox multiple times, for example
two or four times. The heat may for example be provided
by burners placed below the tubes. The burners may be
controlled in such way to provide the required heating of
the feed in the tubes to obtain the desired temperature
of the feed exiting the furnace. In order to ensure that the
coke formation of the feed does not occur in the furnace
tubes, but is delayed until the feed materials reach the
coke drum, the mass velocity of the feed through the
furnace is preferably greater than 1800 kg/s/mZ2. A quan-
tity of steam may be added to the feed tubes, such as
for example between 0.1 and 2.0 wt% of steam with re-
gard to the total weight of the feed. Such addition of steam
contributes to increase of velocity in the tubes. The com-
bined feed (A) and (B) may be heated in the furnace by
passing the feed through heating tubes and subjecting it
to external heat energy to obtain a furnace product
stream (C) having a temperature of >450°C and < 550°C,
preferably of > 475°C and < 500°C.

[0012] The feed exits the furnace at a temperature of
preferably > 450°C and < 550°C, more preferably of >
475°C and <500°C. Upon exiting the furnace, the heated
furnace product stream (C) is transported via a transfer
line into a coke drum. It is desirable that the residence
time in the transfer line is kept as short as possible, to
avoid occurrence of coking prior to reaching the coke
drum. Accordingly, it is desirable to keep the transfer line
as short as possible. Furthermore, as typically a furnace
is connected to multiple coke drums to ensure continuous
operations, a switch valve may be present in the transfer
line, to allow directing the feed to a desired coke drum.
[0013] A typical coke drum that may be used in the
process according to the present invention may have a
diameter of between 4 and 9 m., and a length of between
20 and 30 m. The drum typically is positioned vertically.
The drum may be operated at a pressure of between 100
and 600 kPa, such as between 200 and 300 kPa.
[0014] Atypical configuration may involve two or more,
often two, coke drums, so that one drum may be in op-
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eration whilst the other drum(s) may be subjected to coke
removal and cleaning before switching back in operation
again. As coke is formed in the drum, the drum needs to
be evacuated from time to time in a batch operation.
[0015] As aresultof the temperature and the presence
of a catalyst, a cracking process occurs that in the coke
drumresultsin atop product that is continuously removed
from the drum as overhead stream (D), and a bottoms
product, being the coke, that is removed as stream (E),
typically at the end of the run. The overhead stream (D)
may be removed from the drum at a temperature of below
500°C, such as between 475°C and 500°C, to avoid coke
formation in the transport line.

[0016] The overhead stream (D)is supplied to the frac-
tionation tower (1). In the fractionation tower, a separa-
tion process is performed so that a gaseous stream (F),
a naphtha-range stream (G), a light gas-oil stream (J),
and a heavy gas-oil steam (H) are obtained. Furthermore,
a bottoms steam (A) is obtained that is recycled to the
furnace (2). The fractionation tower is further fed with
fresh residual oil (K), which preferably is fed towards the
bottom part of the fractionation tower to avoid conden-
sation of vapours in the upper parts of the tower. The
fractionation tower may for example be operated so that
the temperature in the bottom section of the tower is be-
tween 340°C and 385°C.

[0017] In an embodiment according to the invention,
in the fractionation tower a fractionation of a mixture com-
prising the overhead stream (D) and a residual oil (K) is
performed to result in a gaseous output stream (F) ob-
tained as overhead stream from the fractionation tower,
a naphtha-range stream (G), a light gas oil stream (J), a
heavy gas oil stream (H), and a bottoms stream (A).
[0018] Asfeed (K) to the fractionation tower, a residual
oil stream obtained from refinery operations may be
used. The residual oil may be a residual oil from atmos-
pheric distillation (ADR), or may be a residual oil from
vacuum distillation in a refinery (VDR). Preferably, the
residual oil is a residual oil from vacuum distillation. In
the context of the present invention, ADR is to be under-
stood to be the fraction of crude oil having an initial boiling
point of above 340 °C. In the context of the present in-
vention, VDR is to be understood to be the fraction of
crude oil having an initial boiling point of above 535°C.
[0019] The waste plastics stream (B) may for example
be provided at a temperature of > 300 and <450°C, pref-
erably of > 300 and < 400°C. The waste plastics stream
(B) may be prepared by converting solid waste plastics
into a molten stream via one of more melt extruder(s).The
waste plastics stream may for example by supplied by a
one or more melt extruders that are connected to the
feed line to the furnace.

[0020] In certain embodiments of the invention, the
melt extruder is operated under such conditions that the
waste plastics stream (B) has a weight average molec-
ular weight of between 5,000 and 10,000 g/mol. This in-
volves operating the melt extruder under such conditions
that certain degradation of the waste plastic material that
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is supplied to the extruder occurs during the melt extru-
sion operation. During the melt extrusion operation, in
such circumstances, the waste plastic material may be
subjected to each or both of high temperature and high
shear which result in chain fission. Such chain fission
leads to reduction of the weight average molecular weight
ofthe plastic material, such that the waste plastics stream
(B) that, upon exiting the melt extruder, is supplied as
feed to the furnace (2) has a reduced weight average
molecular weight, such as a weight average molecular
weight of between 5,000 and 10,000 g/mol. In the context
of the present invention, the weight average molecular
weight of the waste plastics stream (B) may for example
be determined according to the method of ASTM
D6474-12.

[0021] Forexample, the meltextruder may be operated
at a temperature of > 350 and < 450 °C. Preferably, the
melt extruder is operated at a temperature of > 400 and
<450°C. In order to adequately perform the chain fission
process, it is desirable that the waste plastic is subjected
to a certain lengthy residence time in the melt extruder.
For example, the waste plastic may be subjected to a
residence time of > 10 min, preferably of > 10 and < 15
min.

[0022] The waste plastics stream that is subjected to
the process ofthe presentinvention preferably comprises
a major quantity of polyolefin plastics. For example, the
waste plastics stream may comprise > 60.0 wt% of poly-
olefin plastics, preferably > 75.0 wt%.

[0023] To the feed stream (A) + (B) that enters the fur-
nace, a quantity of a catalyst may be added to support
the cracking process that is to occur. The catalyst may
be an acid catalyst. In particular, the conversion of the
mixture of bottoms stream (A) and waste plastic stream
(B) is performed in the presence of a catalyst comprising
trimetaphosphoric acid. The catalyst may for example be
a supported catalyst. The support may be any typical
catalyst support material, such as such as silica, alumina,
or carbon. A particularly desirable support is calcium sul-
phate. In a particular embodiment of the invention, the
catalyst is a supported catalyst comprising trimetaphos-
phoric acid, preferably wherein the support is a calcium
sulphate support.

[0024] The catalyst may for example be supplied in a
quantity of 0.01-25.0 wt% with regard to the weight of the
waste plastics stream (B), preferably wherein the catalyst
is supplied to the process together with the waste plastics
stream (B), preferably in a quantity of 1.0-10.0 wt%, more
preferably of 2.0-5.0 wt%.

[0025] In a particular embodiment of the invention, the
catalystis produced by a synthesis involving the reaction
of calcium phosphate with sulphuric acid to obtain calci-
um sulphate and orthophosphoric acid. In particular, it is
preferred that the calcium phosphate is provided in fine
powder form, such as in the form of a powder having an
average particle size of < 10 um, such as of > 5 and <
10 wm. in the context of the present invention, the aver-
age particle size may be understood to be the Dgj as
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determine in accordance with 1ISO13320 (2009). When
reacting such particulate calcium phosphate with sulphu-
ric acid, the obtained calcium sulphate is a calcium sul-
phate coated with orthophosphoric acid. When subjected
to calcination, the orthophosphoric acid is then converted
to tri-metaphosphoric acid, to obtain a calcium sulphate-
supported tri-metaphosphoric acid (TMPA) catalyst. The
TMPA catalyst may be supplied to the process by mixing
the catalyst with the waste plastics stream prior to sup-
plying the waste plastics stream to the process.

Claims

1. Process for production of chemical feedstocks from
waste plastics, the process comprising providing a
process configuration comprising a fractionation
tower (1), afurnace (2)and one or more coke drum(s)
(3) configured so that a bottoms stream (A) from the
fractionation tower is supplied to the furnace, the
product stream from the furnace (C) is supplied to a
coke drum, and an overhead stream (D) from the
cokedrumis supplied back to the fractionation tower;
wherein further a waste plastics stream (B) is sup-
plied to the furnace; and
wherein a conversion of a hydrocarbon composition
comprising the bottoms stream (A) and the waste
plastics stream (B) in the presence of a catalyst is
performed.

2. Process according to claim 1, wherein in the frac-
tionation tower a fractionation of a mixture compris-
ing the overhead stream (D) and a residual oil (K) is
performed to result in a gaseous output stream (F)
obtained as overhead stream from the fractionation
tower, a naphtha-range stream (G), a light gas oil
stream (J), a heavy gas oil stream (H), and a bottoms
stream (A).

3. Process according to any of claims 1-2, wherein the
waste plastics stream (B) is supplied at a tempera-
ture of > 300 and < 450°C.

4. Process according to any of claims 1-3, wherein the
bottoms stream (A) is supplied at a temperature of
> 300 and <400 °C.

5. Process according to any of claims 1-4, wherein the
combined feed (A) and (B) are heated in the furnace
by passing the feed through heating tubes and sub-
jecting it to external heat energy to obtain a furnace
product stream (C) having a temperature of > 450°C
and < 550°C, preferably of > 475°C and < 500°C.

6. Process according to any of claims 1-5, wherein the
bottoms stream (A) has a boiling point of > 400°C.

7. Process according to any of claims 1-6, wherein the
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waste plastics stream (B) is prepared by converting
solid waste plastics into a molten stream via one of
more melt extruder(s).

Process according to claim 7, wherein the melt ex-
truder is operated under such conditions that the
waste plastics stream (B) has a weight average mo-
lecular weight of between 5,000 and 10,000 g/mol.

Process according to any one of claims 7-8, wherein
the melt extruder is operated at a temperature of >
350 and < 450 °C, and/or wherein the waste plastic
is subjected to a residence time in the melt extruder
of > 10 min., preferably > 10 and < 15 min.

Process according to any of claims 1-9, wherein the
conversion of the mixture of bottoms stream (A) and
waste plastic stream (B)is performedin the presence
of a catalyst comprising trimetaphosphoric acid,
preferably wherein the catalyst is a supported cata-
lyst comprising trimetaphosphoric acid, preferably
wherein the support is a calcium sulphate support.

Process according to any of claims 1-10, wherein
the catalystis supplied in a quantity of 0.01-25.0 wt%
with regard to the weight of the waste plastics stream
(B), preferably wherein the catalyst is supplied to the
process together with the waste plastics stream (B).

Process according to any of claims 2-11, wherein
the residual oil (K) is a residual oil obtained from
atmospheric distillation of crude oil, or a residual oil
obtained from vacuum distillation of the residual oil
obtained from atmospheric distillation of crude oil.

Process according to any of claims 1-12, wherein
the coke drum is operated at a pressure of between
100 and 600 kPa.

Process according to any of claims 1-13, wherein
the fractionation tower operated so that the temper-
ature in the bottom section of the tower is between
340°C and 385°C.

Process according to any of claims 1-14, wherein
the furnace product stream (C) 5omprises > 0.1 and
< 50.0 wt% of the waste plastic stream (B), with re-
gard to the total weight of the stream (C), preferably
> 5.0 and < 30.0 wt%, more preferably > 5.0 and <
20.0 wt%.
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