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(57) Abstract: Embodiments of a process and a plant for manufacturing polyethylene and ethylene based copolymers in which a) a
compressor unit feed stream (10), comprising ethylene, is fed into a compressor unit (1) for increasing the pressure for a reactor (2)
for radical polymerization of the ethylene, b) a compressor unit output stream (11) of more than 1 t/h is fed into the reactor (2), and
¢) wherein a gas purification unit (5) separates comonomers and / or chain transfer agents from a gaseous stream (15) downstream
from the reactor (2), wherein the gas purification unit (5) comprises a high-pressure section for separating ethylene from the co -
monomers and/or chain transfer agents under supercritical conditions and a low pressure section for removing ethylene from the co-
monomers and/or chain transfer agents under non-supercritical conditions.
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Process and plant for manufacturing polyethylene or ethylene based copolymers

The invention relates to a process for manufacturing polyethylene or ethylene based
copolymers with the features of claim 1 and a plant for manufacturing these polymers
with the features of claim 18.

Polyethylene is the most frequently used commercial polymer. It was originally produced
by free radical polymerization at high pressure and it continues to be a valued process
with high commercial relevance for the preparation of low-density polyethylene (LDPE).
LDPE is versatile polymers which can be used in a variety of applications e.g. film,
coating, molding and wire and cable applications.

Later low-pressure polymerization processes for production of polyethylene by co-
ordination polymerization by the use of e.g. chromium, Ziegler-Natta and metallocene
catalysts were developed. These processes extended the property window of
polyethylene by introduction of the stiffer high-density polyethylene (HDPE). Today the
low-pressure processes cover a very broad flexibility range by the introduction of linear
low-density polyethylene (LLDPE) as well as plastomers and elastomers.

The free radical polymerization process have, however, some unique features e.g.
absence of catalyst residues, long chain branching formation and a possibility to produce
a broad range of copolymers, e.g. acetates, acrylates, silanes, dienes, carboxylic acids,
anhydrides as well as carbon monoxide and epoxy and amino functional olefins etc. The
coordination polymerization processes are, however, commercially limited to produce
ethylene copolymers with similar reactivity as ethylene i.e. a-olefins which are commonly
used for regulating the density.

A known set-up for a high-pressure polyethylene reactor consists essentially of a set of
two compressors. The process comprises a primary and a high-pressure compressor, a
preheater and a polymerization reactor, typically an autoclave or a tube, and two
separators for separating the monomer-polymer mixture leaving the reactor. In the first
separator, the high pressure separator, the ethylene is separated from the monomer-
polymer mixture is recycled to the ethylene feed between the primary compressor and the
high pressure compressor and the ethylene separated from the mixture in the second
separator, the low pressure separator, is added to the stream of fresh ethylene before it is
fed to the primary compressor. In the low pressure recycle line comonomers and chain
transfer agent is added prior the high-pressure compressor. Both recycle lines are
equipped with dewaxing units, i.e. comprising cold traps prior compression for extracting
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waxes from the gas flow. For starting the reactions initiators are added after the preheater
and along the reactor for starting and maintaining the highly exothermic polymerization
reaction.

This embodiments of the invention relate to free radical polymerization processes which
are able to produce ethylene copolymers in a robust and safe way avoiding interactions
between, ethylene, co-polymers, chain transfer agents and lubricants in critical process
steps such as compressors and preheater(s) observed in traditional polyethylene high
pressure reactors. The consequences of such interactions are an increased risk for plant
shut downs, safety incidents, reduced production flexibility and increased cost due to
increased wearing of critical hardware, and reduced production output.

The embodiments do also significantly reduce the product transfer time between homo
and copolymer production as well as between production of different copolymers.

The embodiments of the invention is exemplary described, wherein

Fig. 1 schematically shows a first embodiment of a process for manufacturing LDPE with
a compression unit, a reactor and a gas purification unit;

Fig. 2 schematically shows a second embodiment of the process for manufacturing LDPE
with a compression unit, a reactor and a gas purification unit downstream from a
dewaxing unit;

Fig. 3 schematically shows a third embodiment of a process for manufacturing LDPE with
a compression unit, a reactor and a gas purification unit comprising a distillation process;

Fig. 4 schematically shows a fourth embodiment of a process for manufacturing LDPE
with a compression unit, a reactor and a gas purification unit another distillation process;

Fig. 5 schematically shows a fifth embodiment, being a variation of the fourth
embodiment;

Fig. 6 schematically shows a sixth embodiment of a process for manufacturing LDPE
with a compression unit, a reactor and a gas purification unit;

Fig. 7 schematically shows a seventh embodiment being a variation of first embodiment
with a preheater unit of a process for manufacturing LDPE;
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Fig. 8 schematically shows a eighth embodiment of the process with a multistage

compressor unit;

Fig. 9 schematically show a ninth embodiment of the process, being a variation of the
ninth embodiment;

Fig. 10 schematically shows an embodiment of a preheater;

Fig. 11 showing plant data related to a performance loss in a preheater unit;

Fig. 12A, B, C showing different embodiments for the feed stream of a reactor.

The embodiment shown in Fig. 1 comprises a compressor unit 1 having a compressor
unit feed steam 10 as an input stream. As will be shown later, this compressor unit feed
stream 10 combines at least two different streams, both predominantly comprising
ethylene.

In typical embodiments, the feed stream 10 contains ethylene, with 0,01-20 weight-%
chain transfer agents (CTA) and between 0,01 to 50 weight-% co-monomer, the exact
composition depending on the activity of the chosen CTA. Examples of co-monomers and
CTA are given below.

The compressor unit 1 brings the educts to the pressure required in a reactor 2 in which
the free radical polymerization of the ethylene takes place. Typically the pressure at the
entry of the reactor 2 is between 500 and 3500 bar. As will be described further below,
the compressor unit 1 can comprise two or more stages.

This LDPE manufacturing process relates to reactor input flow rates of more than 1t/h,
i.e. industrial plants. Industrial scale processes and plants underlie particularly stringent
economic parameters so that solutions, e.g. known from small scale processes or lab
processes cannot easily be scaled-up for industrial processes. The reactor 2 can be used
to manufacture polyethylene or ethylene based copolymers.

In this embodiment the reactor 2 is a tubular reactor having a number of reaction zones
(not shown in Fig. 1). In alternative embodiments the reactor 2 can be also an autoclave
reactor (e.g. a continuous stirred tank reactor).

In the tubular reactor 2 the highly exothermic polymerization reaction is carried out under
supercritical conditions, e.g. between 1000 and 3500 bar, preferably between 1800 and



10

15

20

25

30

35

WO 2013/132009 PCT/EP2013/054610
4

3400 bar, and especially preferred between 2000 and 3300 bar.

To remove the reaction heat, the tubular reactor 2 comprises at least one cooling jacket.
Typically the tubular reactor 2 tubes have a length between 500 and 4000 m, preferably
between 1500 and 3000 m, more preferably between 2000 and 2500 m. The operating
temperature in the reactor 2 varies between 100 and 350 °C, the temperature forming a
profile along the length of the reactor 2. In particular the temperature is between 165 and
340 °C, more particularly between 165 and 320 °C.

The feed temperature of the reactor 2 is typically in the range between 165 and 200 °C.
The diameter of the tubular reactor 2 tubes can be between 30 to 200 mm, preferably
between 60 and 90 mm.

In case that an embodiment with an autoclave reactor 2 is used, the operating conditions
are slightly different from the embodiment with a tubular reactor 2.

The autoclave reactor 2 is operating above critical pressure, in particular between 500
and 3000 bar, specifically between 1000 and 2500 bar, more specifically between 1200
and 2000 bar. For the autoclave reactor 2 operating at temperatures is between 100 and
340 °C.

To enhance the process, at least one reactive feed stream 12A, 12B comprising at least
one co-monomer is pumped into the process downstream from the compressor unit 1.
The reactive feed stream 12A, 12B is essentially free of ethylene. In the following the
embodiments of the plant and process refer to liquid reactive feed streams. In other
embodiments it is possible to introduce at least one gaseous reactive feed stream 12A,
12B by using compressors to inject the gaseous reactive feed stream 12A, 12B into the
reactor 2.

In the embodiment shown in Fig. 1 one reactive feed stream 12A is pumped into the line
leading towards the reactor 2, the other reactive feed stream 12B is pumped into a first
reaction zone of the reactor 2. The composition and / or flow rates of the reactive feed
streams 12A, 12B can be identical or different. In the shown embodiment all co-
monomers are pumped into the process downstream from the compressor unit 1.

The high pressure pumps necessary for the introduction of liquid reactive feed streams
12A, 12B or compressor(s) for gaseous reactive feed streams 12A, 12B are not shown in
Fig. 1.
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Typical comonomers are octadiene (OD), vinyl acetate (EVA), meth acrylates, in
particular methyl acrylate (EMA), ethyl acrylate (EEA), butyl acrylate (EBA), methyl
methacrylate (EMMA), acrylic acid (EAA), methacrylic acid (EMAA), vinyl tri methoxy
silane (VTMS), vinyl tri ethoxy silane (VTES), glycidyl methacrylate (GMA), maleic
anhydride (MAH), carbon monoxide, acrylamide, gamma-metha acryloxy propyl tri
methoxy silane and / or gamma-metha acryloxy propy! tri ethoxy silane.

In a further embodiment it is possible, that the reactive feed stream comprise chain
transfer agents or chain transfer agents and co-monomers.

Typical chain transfer agents are propionaldehyde (PA), propylene, propane, methyl ethyl
ketone and isopropanol and / or hydrogen.

The reactor output stream 13 is usually throttled to a pressure between 100 and 300 bar,
preferably 220 to 270 bar.

In a separation unit 4 the reactor output stream 13 is separated into a polymer product
stream 14 and a gaseous ethylene rich stream 15. The polymer product stream 14 can
be further processed e.g. into granulate.

The gaseous ethylene rich stream 15 can further comprise oligomers, additives, solvents,
chain transfer agents and / or co-monomers.

In the embodiment shown in Fig. 1, a gas purification unit 5 is used for the gaseous
product stream 15 which in this case not only comprises ethylene,

but also chain transfer agents and co-monomers. The gas purification unit 5 separates
the chain transfer agents and / or co-monomers into an ethylene poor output stream 16
out of the gaseous stream. Different embodiments of the gas purification unit 5 are
described in Fig. 2, 3 and 4.

The purified ethylene is recycled 17 back to the compressor unit 1 where it is mixed with
fresh ethylene. As can be seen in Fig. 1, the gas purification unit 5 is located downstream
from the reactor 2. The liquid reactive feed streams 12A, 12B are pumped into the
process downstream from the compressor unit 1, but upstream from the separation unit
4. This terminology applies to all embodiments.

The purification of the gaseous products of the reactor 2 results in the elimination of chain
transfer agents and / or copolymers which could otherwise be harmful to the compressor
unit 1 or other units upstream from the reactor 2 (e.g. a preheater as will be described
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below) due to their reactivity. If those reactive compounds reach e.g. the compressor unit
1, there is an increased risk of plant shutdowns, safety incidents, performance loss,
reduced production flexibility, and increased wear of mechanical parts.

The introduction of at least one reactive feed stream 12A, 12B downstream from the
compressor unit 1 in combination with the gas purification unit 5 ensure that the
compressor unit 1 and also the preheater (and as later will be shown, other units) are
protected from unwanted, reactive substances. Using a plurality of introduction points for
the reactive feed streams 12A, 12B allows for an improved flexibility to control the
temperature and concentrations within the reactor 2.

Accordingly only ethylene will be transferred to the most sensitive processing equipment,
e.g. the primary compressor unit 1.

Unwanted reactions caused by the more reactive (compared to ethylene) co-monomers
and / or chain transfer agents outside the reactor are avoided. This reduces the risk for
plant shut down, increases the operability and reduces the wearing of the most critical
process parts. Furthermore, the risk for safety incidents is reduced. Also the product
transfer times are shorter. And no purge gas compressors or purge gas purification is
required.

It should be noted that Fig. 1 is very schematic representation of an embodiment of the
process. Further details, like e.g. the placement of a dewaxing unit 6 will be shown in
connection with further embodiments.

In Fig. 2 a variation of the first embodiment is shown. The process flow sheet is basically
identical to the one of the first embodiment so that reference can be made to the
description above.

In this second embodiment the gas purification 5 is downstream of a dewaxing unit 6 so
that the gas separation unit output stream 15 being rich in ethylene is dewaxed before
entering the gas-purification unit 5 and recycled back to the compressor unit 1.

The dewaxing unit 6 comprises a series of wax removers in which the ethylene is
successively cooled down prior passing the actual wax remover, also being a part of the
dewaxing unit 6.

If the recycled and dewaxed ethylene is present at different pressurelevels, e.g. a high
pressure recycle and a low pressure recycle, the streams can be fed into a respective
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high pressure compression unit (e.g. a hyper compressor) and low pressure compression
unit (e.g. the primary compressor) as is shown in Fig. -9 and 10. .

In a further embodiment shown in Fig. 3 the reactor output stream 13 is subjected to a
separation unit 4 as in the previously described embodiments. The gaseous product
stream of the separation unit 4 is dewaxed in a dewaxing unit 6, cooled down (typically 25
°C). Then the pressure is reduced (e.g. by a valve unit 19) to a subcritical pressure (i.e.
below 50 bar) before it is fed into a gas purification unit 5 comprising a flash vessel (or a
distillation column) in which the subcritical ethylene is flashed off.

The flashing off can take place in a first distillation column 5 (operating e.g. at 35 bar with
a feed temperature of 25°C), into which the reactor output stream 13 is fed.

In the shown embodiment the purified gaseous ethylene rich stream 17 is then recycled
to the compressor unit 1. If the compressor unit 1 comprises two or more compressor
stages (see e.g. Fig. 8 or 9), the recycle stream 17 is introduced into the primary
compressor unit 101, i.e. the compressor operation at a lower pressure than the hyper
compressor unit 102.

The bottom product 35 of the of the flash vessel 5 (or the distillation column) is further
processed, by reducing the pressure from e.g. 35 bar to e.g. 10 to 15 bar in an expansion
tank vessel 32, further flashing off ethylene. The remaining product can then further
processed in a second distillation column 33 to remove CTA and / or co-monomers in the
bottom product 36 of the second distillation column 33.

In a further embodiment shown in Fig. 4, which a variation of the embodiment shown in
Fig. 3, the purified ethylene is removed from the top of flash vessel 5 (or the distillation
column) and cooled in a heat exchanger 30 (e.g. to minus 15°C) and an appropriate
pressure (e.g. 27-30 bar) to liquefy the ethylene so it can be stored in a tank 31. The tank
31 can operate as intermediate storage for the liquid ethylene, which then can be
introduced into the compressor unit 1 (as shown in Fig. 4), after being transferred into the
gaseous phase or which can be introduced into an intensifier in the liquid state. Having
intermediate ethylene storage can be beneficial in the operation of the process since the
process is less sensitive to fluctuations due to the delivery of ethylene via a pipeline.

The bottom product of the gas purification 5 is processed as shown in Fig. 3 to separate
the CTA and / or co-monomers or for energy recovering as will be shown in the
embodiment of Fig. 5.
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The embodiment shown in Fig. 5 is a further variation of the second embodiment. The

ethylene rich gas separation unit output stream leaving the separation unit 4 is passing

through a dewaxing unit 6 and is cooled down to e.g. 10 °C by a heat exchanger 30. The

pressure is released into the gas expansion vessel 32 serving as gas purification unit.

The gaseous stream is brought to a sufficiently high pressure (below 50 bar) by a
compressor 34; i.e. the stream will be liquid. This liquid stream is then be subjected to a
distillation process as gas purification to purify the ethylene from especially gaseous co-
monomer and/or chain transfer agents, typically propylene. This is done in gas
purification unit 33. The stream is then recycled to the compressor 1.

The high molecular weight stream from 31 is collected in tank 31. These components can
be further processed for recovery or used for energy generation.

In Fig. 6 a variation of the first embodiment is described, so reference to the relevant
description can be made. After the separation unit 4, the gaseous product is subjected to
a dewaxing unit 6, a cooler 30 and a pressure relief 19 before the gas purification unit 5.

In addition to the two liquid reactive feed streams 12A, 12B a third liquid reactive feed
stream 12C is pumped into the reactor 2. For a person skilled in the art it is clear that
even more liquid reactive feed streams 12 can be pumped into the reactor 2 allowing for
complex arrangements of reaction zones. A reaction zone can be defined as the space
downstream from an introduction point.

This flow sheet can also be used with the embodiments for the gas purification unit 5
shown in Fig. 2, to 5.

In Fig. 7 a further variation of the embodiment of Fig. 1 or 6 is described. Again, the flow
sheet is based to the one of the previous figures so that reference can be made to the
relevant description.

Here the pressurized ethylene feed, the compressor unit 1 output stream 11 is fed into a
preheater unit 3. The temperature of the compressor unit 1 output stream 11 is here
approximately 100°C. The preheater unit 3 increases the temperature of the reactor 2
feed stream to 165 to 200 °C. This temperature is sufficient for starting the free radical
polymerization reaction in the reactor 2. As will be shown below, the preheater unit 3 can
comprise a number of apparatus.

In this embodiment three reactive feed stream 12A, 12B, 12C are pumped into the
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process. The first reactive feed stream 12A is pumped into the process downstream from
the compressor unit 1 and upstream from the preheater unit 3. The second reactive liquid
feed stream 12B is pumped into the preheater unit 3. The third liquid reactive feed stream
12C is pumped into reactor feed stream. In other alternatives additional introduction
points for the reactor feed streams are chosen, e.g. along the reactor 2. From the
previous embodiments it should be clear that any introduction arrangement for the liquid
reactive feed streams 12A, 12B and 12C is possible, as long as it is downstream from
the compressor unit 3 and upstream from the separation unit 4. One or more liquid
reactive feed streams 12A, 12B, 12C can be pumped into the preheater unit 3 and / or
the reactor 2 and / or the feed lines of the preheater unit 3 and / or the reactor 2.

In Fig. 8 a further embodiment is shown, thereby showing the compressor unit 1 in more
detail. In principle the process is a variation of the above described embodiments.

Here the compressor unit 1 comprises a primary compressor unit 101 and a hyper
compressor unit 102. Each of those compressor units 101, 102 comprises a number of
individual compressors 103, e.g. piston compressors.

The primary compressor unit 101 compresses fresh ethylene feed to a pressure between
200 and 300 bar, in particular 240 to 260 bar. The primary compressor unit 101 further
comprises five compressor 103 stages, the first stage having two compressors 103 in
parallel. After each compression stage, the feed is cooled by coolers 104. Furthermore,
a purge stream 105 is used to prevent the build-up of non-reactive substances like
nitrogen, water, propane and the like. The ethylene feed 201 can be fed to the primary
compressor unit 101 and / or an intermediate compressor stage of the primary
compressor unit 101.

The pressurized ethylene is fed into the hyper compressor unit 102, which operates in
two stages 102A, 102B, each stage comprising a number of compressors 103 in parallel.
After the first stage 102A, the feed is pressurized to 1000 to 1400 bar, in particular 1100
to 1300 bar. Since the pressurization increases the temperature, the ethylene is cooled
down before it is further pressurized by the second stage 102B of the hyper compressor
unit 102 to pressures up to 3500 bar, in particular to 2000 to 3200 bar.

The output stream of the hyper compressor unit 102 corresponds to the compressor unit
1 output stream 11 in the first to fourth embodiments. The compressor unit 1 in those
embodiments can comprise one or more features of the primary and hyper compressor
units 101, 102 described above.
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The output stream of the hyper compressor unit 102 is fed into a preheater unit 3 which

comprises two parallel heating subunits. Here the pressurized ethylene is heated from

approximately 100 °C to 165 to 180°C, in particular 170 °C. The output stream of the

preheater unit 3 is the feed stream of the reactor 2.

The reaction conditions of the reactor 2 have been described in the context of the
previous embodiments so reference is made thereto.

In the embodiment shown in Fig. 8, the tubular reactor 2 has four reactions zones. Each
of those reactions zones begins with the introduction of one of the four reactive feed
streams 12A, 12B, 12C, 12D. Each of those four liquid reactive feed streams 12A, 12B,
12C, 12D can comprise of chain transfer agents (CTA) and / or co-monomers.
Furthermore, the liquid reactive feed streams 12A, 12B, 12C, 12D can comprise an
initiator or initiator mixes. Typical initiators are peroxides and oxygen.

The introduction of co-monomers along the reactor 2 improves the randomness of highly
reactive co-monomers like e.g. acrylates. Introduction of chain transfer agents along the
reactor 2 allows for a more exact control of the molecular weight distribution

At the end of the tubular reactor 2 the pressure is reduced by a high-pressure let-down
valve 104 to approximately the same pressure as at the entry of the hyper compressor
unit 102, i.e. to 100 and 300 bar, in particular to 240 to 260 bar. The temperature at the
exit of the tubular reactor 2 is about 220 to 270 °C, in particular 240 to 260 °C.

The reaction mixture comprises polymer melt together with a number of more volatile
compounds, like co-monomers and chain transfer agents.

The polymer product is separated by a separation unit 4 which comprises two stages in
the shown embodiment, a high-pressure separation unit 4A and a low-pressure
separation unit 4B. In the first separation stage the conditions after the high-pressure let-
down valve 104 prevail.

The gaseous product stream of the high-pressure separator 4A is fed into the dewaxing
unit 6 and then into the gas purification unit 5; the less volatile product stream is fed into
the low-pressure separator 4B. There the pressure is further reduced to about 0, 5 bar
abs. The non-volatile product is the polymer output stream 14. The volatile product
stream is fed into the gas purification unit 5 via the dewaxing unit 6.

The gas purification unit 5 removes co-monomers and/or chain transfer agents in which
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exit the process as an ethylene poor output stream 16.

The ethylene rich output streams 17A, 17B are recycled. The gas purification unit 5
(described below) provides two recycle streams 17A, 17B at different pressure levels.
The high-pressure recycle 17A at 50 to 300 bar, in particular 240 to 260 bar is mixed with
the output of the primary compressor unit 102.

The low-pressure recycle stream 17B is mixed with the fresh ethylene feed 201.

In both cases the pressure level of the recycle streams 17A, 17B can be adjusted to allow
smooth operation.

One embodiment of the gas purification unit 5 comprises a high-pressure section and a
low-pressure section.

Definition of gas purification is a unit that can purify at least one non-wax substance from
the ethylene stream. Ethylene is a gas, thus the name gas purification.

The high-pressure section of the gas purification unit 5 separates ethylene from other
components (e.g. co-monomers like VTMS, octadiene, or chain transfer agents etc.) at
supercritical conditions (i.e. above 50 bar and above 10°C). The separation can be
achieved by cooling traps or gravity fractionators. The supercritical ethylene might prior
introduction to the gas purification step is purified from waxes in traditional dewaxing
units.

The low-pressure section of the gas purification unit 5 uses a distillation system to
remove unwanted components like comonomers and chain transfer agents from the
ethylene under non-supercritical conditions (i.e. below 50 bar or below 10°C). The
distillation system might comprise more than one distillation column or separator to purify
the low-pressure ethylene. For example a distillation column might perform the first
separation, the light product being the ethylene. The bottom product could be subjected
to a flash process to remove remaining ethylene from e.g. CTA or other process
chemicals. The heavy fraction might be subject to further purification for separating e.g.
chain-transfer agents, co-monomers and process chemicals.

This kind of gas purification units 5 can be used with all embodiments described.

Wax is mostly low molecular weight polyethylene. In principle everything that is able to
condensate in a dewaxing unit.
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The dewaxing unit 6 comprises a series of wax removers in which the ethylene is
successively cooled down prior passing the actual wax remover, also being a part of the
dewaxing unit 6. In the embodiment shown the high pressure recycle stream 17A
comprises five wax removers of which the two later are run in parallel to allow cleaning
while the plant operating. The high recycle stream inlet temperature to the first cooler is
240°C and reduced by the cooler to 195°C when entering the first wax remover, after the
second cooler the temperature is 130°C and the third wax remover is operating at a gas
temperature of 60°C. The wax remover itself is separating the waxes from the ethylene
by the baffles that separate the condensed waxes and collecting them at the bottom at
which the wax is pumped to a collection tank.

This kind of dewaxing unit 6 can be used with all embodiments described.

The recycled ethylene is then used — as described above — by the hyper compressor unit
102.

From the description of the ninth embodiment it is clear that individual process steps, like
the primary and hyper compressor units 101, 102, the reactor 2 with reaction zones, the
separation stages 4A, 4B and / or the recycle structure 17A, 17B can be combined with
one of the embodiments described above.

Fig. 9 shows an alternative process embodiment which is similar to the ninth embodiment
so that the respective description applies.

The one difference is that high and low temperature initiators, e.g. peroxides, are fed into
different zones of the reactor 2.

In Fig. 10 an arrangement for a preheater unit 3 is shown. The preheater unit 3 takes its
feed from the compressor units 1, in this case hyper compressor units 102. In Fig. 10 a
configuration is shown, compressing 30 t/h at 2800 bar. The compressed ethylene feed
is then introduced into the preheater units 3 in which the temperature of the ethylene is
increased. The heat exchange takes place over pipes comprising steam jackets. In the
configuration shown in Fig. 10 steam is used to bring the ethylene to a temperature
between 165 and 180 °C. Therefore, this configuration comprises two steam heating
units.

The preheater unit comprises tubes with a diameter of 39 mm and a length of 120 m. The
heating is made with steam at 12 bar in countercurrent mode.
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There are 2 separate streams through the compressor and preheater. It means that if the
feed into the 2 separate streams are different will the 2 preheater have different
compositions usually called side A and Side B. This is shown in figure 12.

It is beneficial to add reactive compounds such as chain transfer agents and / or co-
monomers downstream from the compressor unit 1, preferably downstream from the
preheater unit 3, i.e. into the reactor 2 as shown e.g. in Fig. 8 or 9.

In Fig. 11 the effects of fouling behavior is observed as temperature difference (delta
temperature) over the preheater unit 3. Here the preheater unit 3 comprises a side A and
side B, i.e. parallel tubes as shown in Fig. 10.

In Fig. 11 at three times octadiene (C8) is introduced into either side A or side B,
indicated by arrows at the top of Fig. 11. Propionaldehyde (PA) is added only to side A.

At 9 minutes is octadiene added to side B. The temperature difference (see right axis in
Fig. 11) over side B is dropping by 15 °C and will then slowly decrease.

At 75 minutes octadiene feed is changed to side A. The drop in delta temperature on side
Ais 30 °C. This is due to that octadiene and propionaldehyde (PA) together increase
preheater fouling.

At 193 minutes is the octadiene changed to side B. The preheater fouling on side A is
reduced. The delta temperature of side A is 10 °C lower than before any octadiene was
introduced on side A.

At 227 minutes is the octadiene feed stopped. Immediately the fouling is reduced. After
10 minutes both sides reach normal temperatures.

The addition of reactive substances prior sensitive process steps like e.g. compressor
and preheaters might result in unwanted reactions like generation of preheater fouling
and influence the lubrication of the compressor(s) units. Therefore, problems in the
compressor unit 1, which is mechanically very complex, are prevented if the liquid
reactive feed streams 12A, 12B, 12C, 12D are pumped into the process downstream
from the compressor unit 1. In the same way preheater fouling is avoided if critical
substances are added after the preheater. In the embodiments described so far, the feed
stream 20 to the tubular reactor 2 was shown as one front end feed stream, like shown
schematically in Fig. 12A. The liquid reactive feed streams 12A, 12B, 12C, 12D and their
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respective reactor zones are shown.

This structure results in a relatively simple flow sheet, but has a limited flexibility, since
ethylene and other reactive components are only introduced in one location.

Therefore different feed stream arrangements, which can be used with the already
described embodiments, can have advantages.

In Fig 12B a so-called split-feed arrangement is shown. Here one part of the feed stream
20 is split off as a second feed stream 21. The second feed stream is introduced into the
reactor 2 as well as the second liquid reactive feed stream 12B. By adjusting the split-
ratio of the feed streams 20, 21 the process allows for more flexibility.

The introduction location of the second liquid reactive feed stream 12B can be chosen
freely, i.e. it does not have to be together with the split off part of the feed stream 20.

In one embodiment the liquid reactive feed stream 12A, 12B (comprising CTA and / or co-
monomers) is at least partly pumped into the process directly after the final compressor
unit 1 so it is added together with ethylene into the multi feed introduction points.

The multi feed configuration shown in Fig. 12C allows even more flexibility. Here four
spilt-streams 22 are split off from the reactor feed stream. These split-streams 22 are
introduced into the reactor 2 together with the liquid reactive feed streams 12B, 12C,
12D, 12E. Therefore the CTA and co-monomers can be introduced into the reactor 2 at
the multi feed injection points.

Above various embodiments of the process and a plant are described. In the following,
some embodiments of the plant are described. Those embodiments can be used alone or
in connection with each other.

In one embodiment the gas purification unit 5 for the separation of chain transfer agents
and / or co-monomers downstream from a gaseous stream 15 downstream from the
reactor in operating at least in part at the pressure outlet stream 13 of the reactor 2.

Furthermore, in one embodiment the compressor unit output stream 11 is the input
stream of a preheater 3, the preheater 3 being upstream from the reactor 2.

In another embodiment the compressor unit output stream 11, the input stream of a
preheater 3 unit, the preheater 3 unit, the output stream 13 of the preheater unit 3 and /
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or the reactor 2 comprise the at least one inlet for the reactive stream feed 12A, 12B,
12C, 12D, 12E.

It is furthermore possible, to have embodiments in which the reactor 2 comprises at least
one tube reactor, in particular at least one tube reactor 2 is a split-feed tube reactor, a
front-feed tube reactor or a multi-feed tube reactor.

In another embodiment the ethylene rich product stream 17 of the gas purification unit 5
is combined with the compressor unit feed stream 10.

And in one embodiment the compressor unit 1 is a multistage compressor increasing the
pressure of the reactants for the reactor 2 in more than one step.

Examples

Example 1:

The kinetic viscosity was measured according to DIN 51562 with the Ubbelohde viscosity
measurement for different commercial lubricants suitable for lubrication for high pressure

polyethylene compressors was investigated at 40 °C with and without addition of VTMS.

Table 1:
Lubricant VTMS concentration, w-%

0 1,0 3,5
Total Orites 270DS 275 254 210 mm?/s
275
Shell Corena E220 233 203 151 mm?/s
Sonneborn CL1200EU | 243 210 164 mm?/s

It is obvious that VTMS has a surprisingly large effect of the viscosity already at the
limited VTMS concentrations typical for ethylene-silane co-polymerisations. Conclusion is
VTMS is decreasing the viscosity for all oil. It means that ordinary lubrication is less
efficient then VTMS is present, leading to increased wear, which reduces operational

time.
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Example 2:

In the following table the detrimental effect on compressor units 1 is shown when a
comonomer is present in the feed stream. Since compressor units 1 are mechanically
very complex, they are sensitive to changes in process conditions. One parameter
indicating mechanical problems is the use of lubricants in the hyper compressor. The
following table shows that the use of lubricants for making homo polyethylene when a 3.5
wit% of VTMS is present in the feed will the compressor start to vibrate and within 1 to 2
hours will the vibrations be so strong that the compressor needs to be shutdown in order
to prevent failure or damage of the compressor.

Table 2:

Location in compressor Lubricant use without

VTMS
Primary compressor unit 32 l/day
101, first lubricant feed
Primary compressor unit 32 l/day
101, second lubricant feed
Primary compressor unit 32 l/day

101, third lubricant feed
Hyper compressor unit 102, | 28 I/day

first lubricant feed

Hyper compressor unit 102, | 28 I/day
second lubricant feed

Hyper compressor unit 102, | 28 I/day
third lubricant feed

The vibrations can be caused by various means. It can be caused by silane deposits
found in the compressor unit 1 after the use of VTMS in the feed of the compressor units.
Or it can also be that the lubrication is insufficient when VTMS is present due to the
kinetic viscosity effect shown in example 1.

The primary compressor unit 101 is a piston compressor with a piston diameter of 120
mm. It performs 186 rpm, the stroke length is 362 mm, resulting in an average speed of
2,26 m/s.

The hyper compressor unit 102 is a piston compressor with a piston diameter of 75 mm.
It performs 187 rpm, the stroke length is 330 mm, resulting in an average speed of 2,06
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m/s.

The oil was Shell Corena E220.

Embodiments of the invention can be used so that concentration of VTMS is reduced as
much as possible through the compressors unit 1. This means that the concentration of
VTMS in practice can be reduced from typically 3,5 wt% down to 1 wt% by adding the
VTMS after the compressors unit 1. Example 1 show that VTMS concentration has strong
influence on kinetic viscosity, and this enable continuous operation of compressors. By
adding a gas purification step 5 for separating VTMS from the recycle stream would
further improve an embodiment of the invention. The separation step would increase
invenstment, energy consumption and operational cost.

Example 3

In the following a comparative example in way of a conventional process and an example

of the present process are described.

Comparative example

The reactor used in this case is a continuously 50 ml stirred tank reactor (CSTR)
equipped with a jacket heating foil that can heat the reactor to at least 240°C. The
ethylene is pressurised by a primary compressor up to 200 bar. In the transfer line
between a primary compressor and a secondary compressor the comonomer and the
chain-transfer agent are added by separate plunger pumps. The mixture is then
pressurised to 2000 bar by the second compressor. The initator (35 wt% Di-tert. butyl
peroxide in heptane solution, Trigonox B) is added to the transfer between the secondary
compressor and right before the polymerisation reactor. The polymer that is formed in the
reactor can be collected in separate bottles at the reactor end. This allows collection of

polymers produced under very specific conditions.

Experiments using the reactor of the comparative example illustrates that octadiene
deactivates the peroxide. When adding a mixed pressurized feed of ethylene and 1,7-
octadiene to the reactor the copolymer output was lowered by ca. 19 % despite an
increased initiator feed.
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Temperature | Ethylene Propion- 1,7-octadiene Initiator Yield (% vs | Vinyl
(°C) (g/h) aldeyde (Wi%) feed ethylene (/1000
(Wit%) (mmol/h) | feed) C)
235 1000 0,1 0 0.0057 11,0 0.06
220 1000 0,04 0.4 0.0079 9,0 0.48

Table 1: polymerization data with/without 1,7-octadiene (97% supplied by Evonik) added

prior primary compressor

Example according to the invention

The reactor used in this case is a continuously 160 ml stirred tank reactor (CSTR)
equipped with a jacket heating foil that can heat the reactor to 150°C. The ethylene is
pressurised by a primary compressor up to 250 bar and in the secondary compressor up
to 2000 bar. In this reactor the comonomer and the chain transfer agent are added after
the secondary compressor to the transfer line before the reactor. Separate plunger
pumps were used.

mixture

The initiator (t-butyl Luperox11M75, 2,1g/dm°, t-butyl

peroxyacetate Luperox 7M50, 4,5 g/dm® and t-butyl peroxy-2-ethylhexanoate, Luperox

peroxypivalate,

26, 5,5 g/l diluted in heptane 680g/dm®) was injected into the top and middle section of
the reactor.

The polymer that is formed in the reactor can be collected in separate bottles at the
reactor end. This allows collection of polymers produced under very specific conditions.

The 1,7-octadiene feed was increased from 0.4 wt% to 0.8 wi% while keeping all other
reactor parameters fixed i.e. the same amount of peroxide is used. As seen in Table 2 the
output increased significantly (ca. 22%).
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Temperature Ethylene Propion- | 1,7- Initiator feed | Yield (% | Vinyl
(°C) (g/h) aldeyde octadiene | (mmol/h) Vs (/1000 C)

(wi%) (wt%) ethylen

e feed)

235 7854 0,15 0 6.4 11.6 0.05
243 7832 0,05 0.4 6.1 12.3 0.52
244 7797 0,04 0.8 6.4 14.1 0.94

Table 2: Influence of direct injection of octadiene on the total copolymer output

The above data of Table 2 show that the direct feed of octadiene allows the radicals
generated by the 1,7-octadiene to be used constructively in the propagation reaction
rather than terminating peroxide radicals. This favours increased output and an increased
content of unsaturated polymer.

Thus, the direct feed of 1,7-octadiene to the reactor improves the overall output of
polymer synthesized.

Analytical methods

Carbon-Carbon Double bond content:

A) Quantification of the amount of carbon-carbon double bonds by IR spectroscopy
Quantitative infrared (IR) spectroscopy was used to quantify the amount of carbon-carbon
double bonds (C=C). Calibration was achieved by prior determination of the molar
extinction coefficient of the C=C functional groups in representative low molecular weight

model compounds of known structure.

The amount of each of these groups (N) was determined as number of carbon-carbon
double bonds per thousand total carbon atoms (C=C/1000C) via:

N=(Ax14)/(ExLxD)
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where A is the maximum absorbance defined as peak height, E the molar extinction
coefficient of the group in question (lsmol"smm™), L the film thickness (mm) and D the
density of the material (ge.cm™).

The total amount of C=C bonds per thousand total carbon atoms can be calculated
through summation of N for the individual C=C containing components.

For polyethylene samples solid-state infrared spectra were recorded using a FTIR
spectrometer (Perkin EImer 2000) on compression molded thin (0.5-1.0 mm) films at a
resolution of 4 cm™ and analyzed in absorption mode.

1) Polymer compositions comprising polyethylene homopolymers and copolymers, except
polyethylene copolymers with > 0.4 wt% polar comonomer

For polyethylenes three types of C=C containing functional groups were quantified, each
with a characteristic absorption and each calibrated to a different model compound

resulting in individual extinction coefficients:

« vinyl (R-CH=CH2) via 910 cm-1 based on 1-decene [dec-1-ene] giving E = 13.13
lemolemm’™

« vinylidene (RR'C=CH2) via 888 cm™ based on 2-methyl-1-heptene [2-methyhept-1-ene]
giving E = 18.24 lsmol”smm’

« trans-vinylene (R-CH=CH-R’) via 965 cm™ based on trans-4-decene [(E)-dec-4-ene]
giving E = 15.14 lsmol”smm”’

For polyethylene homopolymers or copolymers with < 0.4 wt% of polar comonomer
linear baseline correction was applied between approximately 980 and 840 cm™.

2) Polymer compositions comprising polyethylene copolymers with > 0.4 wt% polar
comonomer

For polyethylene copolymers with > 0.4 wt% of polar comonomer two types of C=C
containing functional groups were quantified, each with a characteristic absorption and
each calibrated to a different model compound resulting in individual extinction
coefficients:

« vinyl (R-CH=CHZ2) via 910 cm™ based on 1-decene [dec-1-ene] giving E = 13.13
lemolemm’™

« vinylidene (RR'C=CH2) via 888 cm™ based on 2-methyl-1-heptene [2-methyl-hept-1-
ene] giving E = 18.24 [smol™smm”’
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EBA:

For poly(ethylene-co-butylacrylate) (EBA) systems linear baseline correction was applied
between approximately 920 and 870 cm™.

EMA:

For poly(ethylene-co-methylacrylate) (EMA) systems linear baseline correction was
applied between approximately 930 and 870 cm™.

3) Polymer compositions comprising unsaturated low molecular weight molecules

For systems containing low molecular weight C=C containing species direct calibration
using the molar extinction coefficient of the C=C absorption in the low molecular weight
species itself was undertaken.

Example 4 Product transfer time.

Two reactors with 7 ton/hour polyethylene capacity with product receivers of 2 tons are
compared for product transfer time. The reactors are producing homo polyethylene with
food approval and polyethylene with VTMS (1.9 wt %) or octadiene (0.5 wt %)
copolymers without food approval. In order to get food approval must the polymer be free
from octadiene or VTMS.

The first reactor is equipped with a gas purification step 5 as shown in figure 5. The
transition time from a VTMS containing polymer to a polymer without VTMS (with food
approval) is 1.5 * time to empty product receiver which equal 0.5 hours. Time for making
polymer without octadiene is equal.

The second reactor is not equipped with a gas purification step 5. The configuration of the
reactor is described above as known set-up for a high-pressure polyethylene reactor.
Transition time of making polymers is described below. The transition time is defined of
being the time when the comonomers are no longer detectable with online FTIR analysis
equipment (APLAIRS FTLA 2000).

Table 5: Products

MFR2, Density, Octadiene, VTMS, wt%
9/10min kg/m3 wit-%

LDPE 1 0,7 923 0

Ethylene/Octadiene 2,1 9225 0,6 0

Ethylene/Silane 1,0 922,5 0,0 1,9
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Table 6: Product transfer times in hours without gas purification unit.

LDPE 1 LDPE 2 Ethylene/Octadiene Ethylene/Silane
LDPE 1 X 1 4 3
Ethylene/Octadiene 3 3 X 8
Ethylene/Silane >8 >8 8 X

For reactor of this site this means that up to 56 ton of polymer can be transition material,
with limited economical value. For a current full size plant that makes up to 50 ton/hour

and it means transition material of 400 ton.
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1 Compressor unit

2 Reactor

3 Preheater unit

4 Separation unit

4A High-pressure separator

4B Low-pressure separator

5 Gas purification unit

6 Dewaxing unit

10 Compressor unit feed stream

11 Compressor unit output stream

12 Liquid reactive feed stream(s)

13 Reactor output stream

14 Polymer product stream

15 Gas separation unit output stream (ethylene rich)
16 Ethylene poor output stream of the gas purification
17 Recycle stream

17A  High pressure recycle

17B  Low pressure recycle

18 Preheater output stream

19 Valve unit

20 Reactor feed stream

21 Split feed stream to the reactor

22 Multi-feed streams to the reactor

30 Heat exchanger

31 Tank

32 Expansion vessel

33 Second distillation column

34 Compressor

35 Bottom product stream of gas purification unit

36 Bottom product stream of second distillation column
101 Primary compressor unit

102  Hyper compressor unit

102A, B Compressor stages in hyper compressor unit
103  Compressor

104  High pressure let-down valve

23
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105  Purge stream

201  Fresh ethylene feed
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Patent Claims

1. Process for manufacturing polyethylene and ethylene based copolymers in which

a) a compressor unit feed stream (10), comprising ethylene, is fed into a compressor unit
(1) for increasing the pressure for a reactor (2) for radical polymerization of the ethylene,

b) a compressor unit output stream (11) of more than 1 t/h is fed into the reactor (2), and

c¢) wherein a gas purification unit (5) separates comonomers and / or chain transfer
agents from a gaseous stream (15) downstream from the reactor (2),

wherein the gas purification unit (5) comprises a high-pressure section for
separating ethylene from the comonomers and/or chain transfer agents under
supercritical conditions and a low pressure section for removing ethylene from the
comonomers and/or chain transfer agents under non-supercritical conditions.

2. Process according to claim 1, wherein the pressure of the effluent of the reactor (2) is
reduced to a subcritical pressure, in particular below 50 bar, before it is fed into the gas
purification unit (5) comprising a flash process in which the subcritical ethylene is flashed
off.

3. Process according to claim 1, wherein the ethylene rich gas separation unit output
stream (15) is cooled down, in particular to temperatures below 10 °C and is brought to a
sufficiently high pressure, in particular pressures exceeding 10 bar, so the stream will be
liquid and it further processed in a distillation process of the gas purification unit (5).

4. Process according to at least one of the preceding claims, wherein a dewaxing unit (6)
positioned up stream from a gas purification unit (5).

5. Process according to at least one of the preceding claims, wherein an ethylene stream
downstream from the gas purification unit (5) is stored in an intermediate tank (31).

6. Process according to at least one of the preceding claims, wherein at least one
reactive feed stream (12A, 12B, 12C, 12D, 12E) comprising at least one comonomer and
/ or at least one chain transfer agent is introduced into the process downstream from the
compressor unit (1).
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7. Process according to at least one of the preceding claims, wherein the compressor unit

output stream (11) is the input stream of a preheater (3), the preheater (3) being

upstream from the reactor (2).

8. Process according to at least one of the preceding claims, wherein the at least one
liquid reactive feed stream (12A, 12B, 12C, 12D, 12E) is introduced into the compressor
output stream (11), into the input stream of the preheater (3), into the preheater (3), into
the output stream (18) of the preheater (3) and / or into the reactor (2).

9. Process according to at least one of the preceding claims, wherein the at least one
liquid reactive feed stream (12A, 12B, 12C, 12D, 12E) comprises an ethylene
concentration of less than 50wt-%.

10. Process according to at least one of the preceding claims, wherein the at least one
comonomer is selected from the group of octadiene (OD), vinyl acetate (EVA), meth
acrylates, in particular methyl acrylate (EMA), ethyl acrylate (EEA), butyl acrylate (EBA),
methyl methacrylate (EMMA), acrylic acid (EAA), methacrylic acid (EMAA), vinyl tri
methoxy silane (VTMS), vinyl tri ethoxy silane (VTES), glycidyl methacrylate (GMA),
maleic anhydride (MAH), carbon monoxide, acrylamide, gamma-metha acryloxy propyl tri
methoxy silane and gamma-metha acryloxy propyl tri ethoxy silane.

11. Process according to at least one of the preceding claims, wherein the at least one
chain transfer agent is selected from the group of proprionaldehyde, propylene, propane,
methyl ethyl ketone, isopropanol and hydrogen.

12. Process according to at least one of the preceding claims, wherein at least two liquid
reactive feed streams (12A, 12B, 12C, 12D, 12E) have a different composition.

13. Process according to at least one of the preceding claims, wherein the reactor (2)
comprises at least one tube reactor.

14. Process according to at least one of the preceding claims, wherein the ethylene rich
product stream (17) of the gas purification (5) is combined with the compressor feed
stream (10).

15. Process according to at least one of the preceding claims, wherein the reactor (2) is a
tubular reactor operating above the critical pressure, in particular between 500 and 3500
bar, specifically between 1800 and 3400, more specifically between 2000 and 3300 bar
or the reactor (2) is an autoclave reactor operating above critical pressure, in particular
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between 500 and 3000 bar, specifically between 1000 and 2500 bar, more specifically

between 1200 and 2000 bar.

16. Process according to at least one of the preceding claims, wherein the reactor (2) is a
tubular reactor operating at temperatures between 100 and 350 °C, in particular between
165 and 340 °C, more particularly between 165 and 320 °C, the feed temperature of the
reactor (2) being in the range of 100 to 200 °C or the reactor (2) is an autoclave reactor
operating at temperatures between 100 and 340 °C.

17. Process according to at least one of the preceding claims, wherein at least one spilit-
stream (21, 22) is split-off from the reactor feed stream (20) and pumped into the reactor
(2) further downstream, preferably at the same location than at least one of the liquid
reactive feed streams (12A, 12B, 12C, 12D, 12E).

18. Plant for manufacturing polyethylene and ethylene based copolymers with
a) a compressor unit (1) for increasing the pressure of a compressor unit feed stream
(10), comprising ethylene and a compressor unit output stream (11) of more than 1 t/h is

fed into a reactor (2), and

b) the reactor (2) being downstream from the compressor unit (1) for radical
polymerization of the ethylene and

c) a gas purification unit (5) for the separation of comonomers and / or chain transfer
agents from a gaseous stream (15) downstream from the reactor (2).
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