
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)

(19)
EP

3 
55

4 
67

1
B

1

(Cont. next page)

*EP003554671B1*
(11) EP 3 554 671 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
06.03.2024 Bulletin 2024/10

(21) Application number: 17812216.4

(22) Date of filing: 28.11.2017

(51) International Patent Classification (IPC):
B01D 53/00 (2006.01) B01D 53/047 (2006.01)

B01D 53/22 (2006.01) C07C 7/00 (2006.01)

C07C 7/12 (2006.01) C07C 7/144 (2006.01)

(52) Cooperative Patent Classification (CPC): 
(C-Sets available)
B01D 53/047; B01D 53/002; B01D 53/229; 
C07C 7/005; C07C 7/12; C07C 7/144; 
B01D 2256/24; B01D 2257/7022; B01D 2259/40001 

(Cont.)

(86) International application number: 
PCT/US2017/063474

(87) International publication number: 
WO 2018/111535 (21.06.2018 Gazette 2018/25)

(54) MEMBRANE AND PRESSURE SWING ADSORPTION HYBRID INRU PROCESS

MEMBRAN UND HYBRIDES INRU-DRUCKWECHSELADSORPTIONSVERFAHREN

PROCÉDÉ D’INRU HYBRIDE À ADSORPTION MODULÉE EN PRESSION ET À MEMBRANE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 15.12.2016 US 201662434832 P

(43) Date of publication of application: 
23.10.2019 Bulletin 2019/43

(73) Proprietor: Chevron Phillips Chemical Company 
LP
The Woodlands, Texas 77380 (US)

(72) Inventors:  
• JI, Lei

Kingwood, Texas 77345 (US)
• CURREN, Joseph A.

Kingwood, Texas 77339 (US)

• LOH, Ji Xian
Houston, Texas 77006 (US)

(74) Representative: Turner, Craig Robert et al
AA Thornton IP LLP 
8th Floor, 125 Old Broad Street
London EC2N 1AR (GB)

(56) References cited:  
EP-A1- 1 024 187 EP-A2- 1 302 233
WO-A1-2016/020042 US-B1- 6 428 606
US-B1- 9 126 878  



2

EP 3 554 671 B1

(52) Cooperative Patent Classification (CPC): (Cont.)

C-Sets
C07C 7/005, C07C 9/12; 
C07C 7/12, C07C 9/12; 
C07C 7/144, C07C 9/12 



EP 3 554 671 B1

3

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to the production of polyethylene. More specifically, this disclosure
relates to a process for hydrocarbon separation in a polyethylene production process.

BACKGROUND

[0002] In a typical polyethylene plant, a purge gas leaving a purge vessel upon purging a polyethylene polymer product
may contain significant amounts of valuable hydrocarbons, including ethylene, isobutane, and comonomers. There are
economic and environmental incentives to recover these hydrocarbons from the purge gas. Generally, a selective mem-
brane based separation process or a pressure swing adsorption (PSA) process can be used for the recovery of hydro-
carbons from the purge gas. The purge gas coming out of the purge vessel is usually sent through a compressor to
increase the separation efficiency downstream of the compressor, whether the separation is done by selective membrane
or by PSA. Recycle streams from the separation process can be sent back to the compressor; however, this increases
the compressor load, which may limit the amount of purge gas that can be run through the separation process. Thus,
there is an ongoing need for developing efficient processes for the recovery of hydrocarbons during polyethylene pro-
duction.

BRIEF SUMMARY

[0003] The present invention is defined in claims 1-6.
[0004] Disclosed herein, not according to the claimed invention, is a process for component separation in a polymer
production system, comprising (a) separating a polymerization product stream into a gas stream and a polymer stream,
wherein the polymer stream comprises polyethylene, isobutane, ethylene and ethane, (b) contacting at least a portion
of the polymer stream with a purge gas in a purge vessel to yield a purged polymer stream and a spent purge gas stream,
wherein the purged polymer stream comprises polyethylene, and wherein the spent purge gas stream comprises purge
gas, isobutane, ethylene, and ethane, (c) introducing at least a portion of the spent purge gas stream to a compressor
to produce a compressed gas stream, (d) introducing at least a portion of the compressed gas stream to a first separation
unit to produce a first hydrocarbon stream and a membrane unit feed stream, wherein the first hydrocarbon stream
comprises equal to or greater than about 50% of the isobutane of the compressed gas stream, and wherein the membrane
unit feed stream comprises equal to or greater than about 95% of the purge gas of the compressed gas stream, (e)
introducing at least a portion of the membrane unit feed stream to a membrane unit to produce a first recovered purge
gas stream and a retentate stream, wherein the retentate stream comprises less than about 30% of the purge gas of
the membrane unit feed stream, (f) introducing at least a portion of the retentate stream to a second separation unit to
produce a second hydrocarbon stream and a pressure swing adsorption (PSA) unit feed stream, wherein the PSA unit
feed stream comprises equal to or greater than about 97% of the purge gas of the retentate stream, and (g) introducing
at least a portion of the PSA unit feed stream to a PSA unit to produce a second recovered purge gas stream and a tail
gas stream, wherein a molar concentration of purge gas in the second recovered purge gas stream is greater than a
molar concentration of purge gas in the first recovered purge gas stream.
[0005] Also disclosed herein is a process for component separation in a polymer production system, comprising (a)
separating a polymerization product stream into a gas stream and a polymer stream, wherein the polymer stream
comprises polyethylene, isobutane, ethylene and ethane, and wherein the gas stream comprises ethylene, ethane, and
isobutene, (b) contacting at least a portion of the polymer stream with a nitrogen stream in a purge vessel to yield a
purged polymer stream and a spent nitrogen stream, wherein the purged polymer stream comprises polyethylene, and
wherein the spent nitrogen comprises nitrogen, isobutane, ethylene, and ethane, (c) introducing at least a portion of the
spent nitrogen stream to a compressor to produce a compressed gas stream, (d) introducing at least a portion of the
compressed gas stream to a first separation unit to produce a first hydrocarbon stream and a membrane unit feed stream,
wherein the first hydrocarbon stream comprises equal to or greater than about 50% by total weight of the first hydrocarbon
stream of the isobutane of the compressed gas stream, and wherein the membrane unit feed stream comprises equal
to or greater than about 95% by total weight of the membrane unit stream of the nitrogen of the compressed gas stream,
(e) introducing at least a portion of the membrane unit feed stream to a nitrogen membrane unit to produce a first
recovered nitrogen stream and a retentate stream, wherein the retentate stream comprises less than 30% by total weight
of the retentate stream of the nitrogen of the membrane unit feed stream, (f) recycling a first portion of the first recovered
nitrogen stream to the compressor via a first recycle stream and recycling a second portion of the first recovered nitrogen
stream to the purge vessel, (g) introducing at least a portion of the retentate stream to a second separation unit to
produce a second hydrocarbon stream and a pressure swing adsorption (PSA) unit feed stream, wherein the PSA unit
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feed stream comprises equal to or greater than about 97% by total weight of the second hydrocarbon stream of the
nitrogen of the retentate stream, (h) introducing at least a portion of the PSA unit feed stream to a PSA unit to produce
a second recovered nitrogen stream and a tail gas stream, wherein a molar concentration of nitrogen in the second
recovered nitrogen stream is greater than a molar concentration of nitrogen in the first recovered nitrogen stream, and
(i) recycling at least a portion of the tail gas stream to the compressor via a second recycle stream.
[0006] Further disclosed herein, not according to the claimed invention, is a process for ethylene polymerization,
comprising (a) polymerizing ethylene in a loop slurry reactor system to obtain a polymerization product stream, (b)
separating at least a portion of the polymerization product stream in a flash chamber into a gas stream and a polymer
stream comprising polyethylene, isobutane, ethylene and ethane, (c) contacting at least a portion of the polymer stream
with nitrogen in a purge vessel to yield a purged polymer stream and a spent nitrogen stream, wherein the purged
polymer stream comprises polyethylene, and wherein the spent nitrogen comprises nitrogen, isobutane, ethylene, and
ethane, (d) introducing at least a portion of the spent nitrogen stream to a compressor to produce a compressed gas
stream, (e) introducing at least a portion of the compressed gas stream to a first separation unit to produce a first
hydrocarbon stream and a membrane unit feed stream, wherein the first hydrocarbon stream comprises equal to or
greater than about 50% of the isobutane of the compressed gas stream, and wherein the membrane unit feed stream
comprises equal to or greater than about 95% of the nitrogen of the compressed gas stream, (f) introducing at least a
portion of the membrane unit feed stream to a nitrogen membrane unit to produce a first recovered nitrogen stream and
a retentate stream, wherein the retentate stream comprises less than about 30% of the nitrogen of the membrane unit
feed stream, (g) recycling a first portion of the first recovered nitrogen stream to the compressor, (h) recycling a second
portion of the first recovered nitrogen stream to the purge vessel, (i) introducing at least a portion of the retentate stream
to a second separation unit to produce a second hydrocarbon stream and a pressure swing adsorption (PSA) unit feed
stream, wherein the PSA unit feed stream comprises equal to or greater than about 97% of the nitrogen of the retentate
stream, (j) introducing at least a portion of the PSA unit feed stream to a PSA unit to produce a second recovered nitrogen
stream and a tail gas stream, wherein a molar concentration of nitrogen in the second recovered nitrogen stream is
greater than a molar concentration of nitrogen in the first recovered nitrogen stream, and (k) recycling at least a portion
of the tail gas stream to the compressor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] For a detailed description of the disclosed processes and systems, reference will now be made to the accom-
panying drawings in which:

Figure 1A illustrates a schematic of a polyethylene production system 1000;
Figure 1B illustrates a schematic of an isobutane and nitrogen recovery unit (INRU) 500;
Figure 1C illustrates a schematic of an INRU 501;
Figure 2 illustrates a flow diagram of a polyethylene production process; and
Figure 3 illustrates a schematic of a loop slurry reactor system.

DETAILED DESCRIPTION

[0008] It should be understood at the outset that although an illustrative implementation of one or more embodiments
are provided below, the disclosed systems, methods, or both can be implemented using any number of techniques,
whether currently known or in existence. The disclosure should in no way be limited to the illustrative implementations,
drawings, and techniques illustrated below, including the exemplary designs and implementations illustrated and de-
scribed herein, but can be modified within the scope of the appended claims along with their full scope of equivalents.
[0009] Disclosed herein are systems, apparatuses, and processes related to petrochemical production processes, for
example the production of polyethylene. The systems, apparatuses, and processes are generally related to the separation
of hydrocarbons (e.g., isobutane) from a composition resulting from petrochemical production processes, for example
the production of polyethylene, and comprising the hydrocarbons and one or more other chemical components, com-
pounds, or the like.
[0010] As disclosed herein, a process for component separation in a polymer production system (e.g., polyethylene
production system) comprises the steps of (a) separating a polymerization product stream into a gas stream and a
polymer stream, wherein the polymer stream comprises polyethylene, isobutane, ethylene (e.g., unreacted ethylene),
and ethane,and wherein the gas stream comprises ethylene, ethane, and isobutane; (b) contacting at least a portion of
the polymer stream with a nitrogen stream in a purge vessel to yield a purged polymer stream and a spent purge nitrogen
stream, wherein the purged polymer stream comprises polyethylene, and wherein the spent nitrogen stream comprises
nitrogen, isobutane, ethylene, and ethane; (c) introducing at least a portion of the spent nitrogen stream to a compressor
to produce a compressed gas stream; (d) introducing at least a portion of the compressed gas stream to a first separation
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unit to produce a first hydrocarbon stream and a membrane unit feed stream, wherein the first hydrocarbon stream
comprises equal to or greater than about 50% by total weight of the first hydrocarbon stream of the isobutane of the
compressed gas stream, and wherein the membrane unit feed stream comprises equal to or greater than about 95%
by total weight of the membrane unit stream of the nitrogen of the compressed gas stream; (e) introducing at least a
portion of the membrane unit feed stream to a membrane unit to produce a first recovered purge gas stream and a
retentate stream, wherein the retentate stream comprises less than about 30% by total weight of the retentate stream
of the nitrogen of the membrane unit feed stream; (f) recycling a first portion of the first recovered nitrogen stream to the
compressor via a first recycle stream 508 and recycling a second portion of the first recovered nitrogen stream to the
purge vessel 509 (g) introducing at least a portion of the retentate stream to a second separation unit 800 to produce a
second hydrocarbon stream 810 and a pressure swing adsorption (PSA) unit feed stream 820, wherein the PSA unit
feed stream comprises equal to or greater than 97% by total weight of the second hydrocarbon stream of the nitrogen
of the retentate stream The process further comprises recycling at least a portion of the tail gas stream to the compressor;
wherein the compressor may have a volumetric flow that is reduced by at least about 20% when compared to a volumetric
flow to a compressor in an otherwise similar polymer production system that has either a membrane unit or a PSA unit
but not both.
[0011] A process for component separation in a polymer production system (e.g., polyethylene production system)
can generally comprise selectively separating hydrocarbons (e.g., isobutane) from a spent purge gas (e.g., spent nitrogen
used for purging a polymer product), wherein the spent purge gas can be recovered from a polymer production process.
While the present disclosure will be discussed in detail in the context of a process for selectively separating hydrocarbons
from a purge gas in a polyethylene production system, it should be understood that such process or any steps thereof
can be applied in any suitable petrochemical production process requiring selective separation of hydrocarbons. The
hydrocarbons can comprise any suitable hydrocarbons compatible with the disclosed methods and materials.
[0012] The following definitions are provided in order to aid those skilled in the art in understanding the detailed
description of the present invention. Unless otherwise defined herein, scientific and technical terms used in connection
with the present invention shall have the meanings that are commonly understood by those of ordinary skill in the art to
which this invention belongs. Further, unless otherwise required by context, singular terms shall include pluralities and
plural terms shall include the singular.
[0013] Unless explicitly stated otherwise in defined circumstances, all percentages, parts, ratios, and like amounts
used herein are defined by weight.
[0014] Further, certain features of the present invention which are, for clarity, described herein in the context of separate
embodiments, may also be provided in combination in a single embodiment. Conversely, various features of the invention
that are, for brevity, described in the context of a single embodiment, may also be provided separately or in any sub-
combination.
[0015] If a term is used in this disclosure but is not specifically defined herein, the definition from the IUPAC Compendium
of Chemical Terminology, 2nd Ed (1997), can be applied, as long as that definition does not conflict with any other
disclosure or definition applied herein, or render indefinite or non-enabled any claim to which that definition is applied.
To the extent that any definition or usage provided by any document conflicts with the definition or usage provided herein,
the definition or usage provided herein controls.
[0016] Regarding claim transitional terms or phrases, the transitional term "comprising," which is synonymous with
"including," "containing," "having," or "characterized by," is inclusive or open-ended and does not exclude additional,
unrecited elements or method steps. The transitional phrase "consisting of" excludes any element, step, or ingredient
not specified in the claim. The transitional phrase "consisting essentially of" limits the scope of a claim to the specified
materials or steps and those that do not materially affect the basic and novel characteristic(s) of the claim. A "consisting
essentially of" claim occupies a middle ground between closed claims that are written in a "consisting of" format and
fully open claims that are drafted in a "comprising" format. Absent an indication to the contrary, describing a compound
or composition as "consisting essentially of" is not to be construed as "comprising," but is intended to describe the recited
component that includes materials which do not significantly alter the composition or method to which the term is applied.
For example, a feedstock consisting essentially of a material A can include impurities typically present in a commercially
produced or commercially available sample of the recited compound or composition. When a claim includes different
features and/or feature classes (for example, a method step, feedstock features, and/or product features, among other
possibilities), the transitional terms comprising, consisting essentially of, and consisting of apply only to the feature class
to which it is utilized, and it is possible to have different transitional terms or phrases utilized with different features within
a claim. For example, a method can comprise several recited steps (and other non-recited steps), but utilize a catalyst
system consisting of specific components; alternatively, consisting essentially of specific components; or alternatively,
comprising the specific components and other non-recited components.
[0017] In this disclosure, while systems, processes, and methods are often described in terms of "comprising" various
components, devices, or steps, the systems, processes, and methods can also "consist essentially of" or "consist of"
the various components, devices, or steps, unless stated otherwise.
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[0018] The term "about" as used herein means that amounts, sizes, formulations, parameters, and other quantities
and characteristics are not and need not be exact, but may be approximate and/or larger or smaller, as desired, reflecting
tolerances, conversion factors, rounding off, measurement error and the like, and other factors known to those of skill
in the art. In general, an amount, size, formulation, parameter or other quantity or characteristic is "about" or "approximate"
whether or not expressly stated to be such. The term "about" also encompasses amounts that differ due to different
equilibrium conditions for a composition resulting from a particular initial mixture. Whether or not modified by the term
"about," the claims include equivalents to the quantities. The term "about" may mean within 10% of the reported numerical
value, preferably within 5% of the reported numerical value.
[0019] Although any methods, devices, and materials similar or equivalent to those described herein can be used in
the practice or testing of the invention, the typical methods, devices, and materials are herein described.
[0020] Referring to Figure 1A, a polyethylene production (PEP) system 1000 is disclosed. PEP system 1000 generally
comprises a loop slurry reactor system 100, a flash chamber 200, a heavy distillation column 300, a light distillation
column 350, a purge vessel 400, and an isobutane (i-butane) and nitrogen recovery unit (INRU) 500 as shown in Figure
1B, or alternatively INRU 501 as shown in Figure 1C. In the PEP systems disclosed herein, various system components
can be in fluid communication via one or more conduits (e.g., pipes, tubing, flow lines, etc.) suitable for the conveyance
of a particular stream, for example as shown in detail by the numbered streams in Figure 1A.
[0021] A reagent stream 110 (also referred to as a feed stream) can be communicated to the loop slurry reactor system
100. A polymerization product stream 120 can be communicated from the loop slurry reactor system 100 to the flash
chamber 200. A gas stream 210 can be communicated from the flash chamber 200 to the heavy distillation column 300.
The heavy distillation column 300 also can be referred to as a first distillation column. A heavy distillation bottoms stream
310, and a heavy distillation side stream 320 can be emitted from the heavy distillation column 300. An intermediate
hydrocarbon (HC) stream 330 can be emitted from the heavy distillation column 300 and communicated to the light
distillation column 350. The light distillation column 350 also can be referred to as a second distillation column. A light
hydrocarbon stream 380, a light distillation side stream 370, and a light distillation bottoms stream 360 comprising olefin-
free isobutane 365 can be emitted from the light distillation column 350. A polymer stream 220 can be communicated
from the flash chamber 200 to the purge vessel 400. A purge gas stream 410 can be communicated to the purge vessel
400. A purged polymer stream 420 comprising a polymer 425 can be emitted from the purge vessel 400. A spent purge
gas stream 430 can be communicated from the purge vessel 400 to the INRU 500. At least one hydrocarbon stream
502 comprising isobutane 503 and at least one nitrogen stream 506 comprising nitrogen 507 can be emitted from the
INRU 500. At least a portion of the isobutane 503 can be recycled to one or more distillation columns. For example, at
least a portion of the isobutane 503 can be recycled 504 to the heavy distillation column 300, for example via the gas
stream 210. A portion of the isobutane 503 can be recycled 505 back to the INRU 500, for example to an INRU compressor.
At least a portion of the nitrogen 507 can be recycled 509 to the purge vessel 400, for example via the purge gas stream
410. A portion of the nitrogen 507 can be recycled 508 back to the INRU 500, for example to an INRU compressor. The
INRU 500 is shown in more detail in Figure 1B, as will be described in more detail later herein. An alternative configuration
of the INRU (e.g., INRU 501) is shown in more detail in Figure 1C, as will be described in more detail later herein.
[0022] For purposes of the disclosure herein an "olefin-free" hydrocarbon (e.g., olefin-free isobutane) refers to a
hydrocarbon (e.g., isobutane) that can be free of olefins, alternatively, substantially free of olefins, alternatively, essentially
free of olefins, or alternatively, consist or consist essentially of non-olefins. Generally, olefins or alkenes are unsaturated
hydrocarbons containing at least one carbon-carbon double bond. For example, olefins can be present in a substantially
olefin-free hydrocarbon (e.g., substantially olefin-free isobutane) in an amount of less than about 10% by total weight of
the olefin-free hydrocarbon, alternatively, less than about 9%, alternatively, less than about 8%, alternatively, less than
about 7%, alternatively, less than about 6%, alternatively, less than about 5%, alternatively, less than about 4%, alter-
natively, less than about 3%, alternatively, less than about 2%, alternatively, less than about 1.0%, alternatively, less
than about 0.5%, or alternatively, less than about 0.1%.
[0023] Referring to Figure 1B, an INRU 500 is disclosed. INRU 500 generally comprises an INRU compressor 525, a
first cooling unit 550, a first separation unit 600, an optional first membrane unit feed heater 625, an optional first stripping
unit 650, a membrane unit 700, a splitter 730, a second cooling unit 750, a second separation unit 800, an optional
second stripping unit 850, and a pressure swing adsorption (PSA) unit 900. In the INRU systems disclosed herein,
various system components can be in fluid communication via one or more conduits (e.g., pipes, tubing, flow lines, etc.)
suitable for the conveyance of a particular stream, for example as shown in detail by the numbered streams in Figure 1B.
[0024] A spent purge gas stream 430 (e.g., same spent purge gas stream 430 entering INRU 500 in Figure 1A) can
be communicated from the purge vessel 400 to the INRU compressor 525. A compressed gas stream 526 can be
communicated from the INRU compressor 525 to the first cooling unit 550. A first cooled gas stream 560 can be com-
municated from the first cooling unit 550 to the first separation unit 600. A first HC stream 610 can be recovered from
the first separation unit 600 and can be optionally further processed in optional first stripping unit 650. A third recovered
purge gas stream (e.g., third nitrogen stream) 670 can be emitted from the first stripping unit 650. At least a portion of
the third recovered purge gas stream 670 can be recycled 671 to the INRU compressor 525 (e.g., via the recycle stream
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508 as shown in Figure 1A). A purified first HC stream 660 comprising isobutane 665 can be emitted from the first
stripping unit 650. At least a portion of the isobutane 665 can be recycled to one or more distillation columns, for example
via the recycle stream 504 as shown in Figure 1A. For example, at least a portion of the isobutane 665 can be recycled
to a heavy distillation column, such as the heavy distillation column 300, e.g., via the gas stream 210. A membrane unit
feed stream 620 can be recovered from the first separation unit 600 and can be optionally communicated to the first
membrane unit feed heater 625. A heated membrane unit feed stream 621 can be communicated from the first membrane
unit feed heater 625 to the membrane unit (e.g., nitrogen membrane unit) 700. Alternatively, the membrane unit feed
stream 620 can be communicated from the first separation unit 600 to the membrane unit (e.g., nitrogen membrane unit)
700 or otherwise flow unheated through stream 621. A first recovered purge gas stream (e.g., first nitrogen stream) 720
can be emitted from the membrane unit 700. At least a portion of the first recovered purge gas stream 720 can be
communicated to the splitter 730. A first portion 735 of the first purge gas stream (e.g., nitrogen recycle stream) can be
communicated from the splitter 730 to the INRU compressor 525 (e.g., via the recycle stream 508 as shown in Figure
1A). A second portion 736 of the first purge gas stream comprising low pressure purge gas (e.g., low pressure nitrogen)
737 can be emitted from the splitter 730. At least a portion of the low pressure purge gas 737 can be recycled to a purge
vessel, such as the purge vessel 400, for example via the purge gas stream 410 (e.g., via the recycle stream 509 as
shown in Figure 1A). A retentate stream 710 can be communicated from the membrane unit 700 to the second cooling
unit 750. A second cooled gas stream 760 can be communicated from the second cooling unit 750 to the second
separation unit 800. A second HC stream 810 can be recovered from the second separation unit 800 and can be optionally
further processed in optional second stripping unit 850. A fourth recovered purge gas stream (e.g., fourth nitrogen stream)
870 can be emitted from the second stripping unit 850. At least a portion of the fourth recovered purge gas stream 870
can be recycled 871 to the INRU compressor 525 (e.g., via the recycle stream 508 as shown in Figure 1A). A purified
second HC stream 860 comprising isobutane 865 can be emitted from the second stripping unit 850. At least a portion
of the isobutane 865 can be recycled to one or more distillation columns, for example via the recycle stream 504 as
shown in Figure 1A. For example, at least a portion of the isobutane 865 can be recycled to a heavy distillation column,
such as the heavy distillation column 300, for example via the gas stream 210. A PSA unit feed stream 820 can be
communicated from the second separation unit 800 to the PSA unit 900. A second recovered purge gas stream (e.g.,
second nitrogen stream) 910 comprising nitrogen 915 can be emitted from the PSA unit 900. At least a portion of the
nitrogen 915 can be recycled to a purge vessel, such as the purge vessel 400, for example via the purge gas stream
410 (e.g., via the recycle stream 509 as shown in Figure 1A). A tail gas stream 920 can be communicated from the PSA
unit 900 to the INRU compressor 525 (e.g., via the recycle stream 505 as shown in Figure 1A).
[0025] Referring to Figure 1C, an alternative configuration of an INRU (e.g., INRU 501) is disclosed. INRU 501 generally
comprises an INRU compressor 525, a first cooling unit 550, a first separation unit 600, an optional first membrane unit
feed heater 625, an optional first stripping unit 650, a membrane unit 700, a splitter 730, a second cooling unit 750, a
second separation unit 800, an optional second stripping unit 850, an optional second membrane unit feed heater 825,
and a hydrocarbon membrane unit 950. In the INRU systems disclosed herein, various system components can be in
fluid communication via one or more conduits (e.g., pipes, tubing, flow lines, etc.) suitable for the conveyance of a
particular stream, for example as shown in detail by the numbered streams in Figure 1C. Unless otherwise indicated,
the description of commonly enumerated components of INRU 500 of Figure 1B applies to INRU 501 of Figure 1C.
Likewise, unless otherwise indicated, reference to INRU or INRU 500 includes the alternative configuration of INRU 501,
and either INRU 500 or INRU 501 may be employed in the PEP system 1000 and the PEP process 2000.
[0026] Referring to Figure 1C, a hydrocarbon membrane unit feed stream 821 can be recovered from the second
separation unit 800 and can be optionally communicated to the second membrane unit feed heater 825. A heated
hydrocarbon membrane unit feed stream 822 can be communicated from the second membrane unit feed heater 825
to the hydrocarbon membrane unit 950. Alternatively, the hydrocarbon membrane unit feed stream 821 can be commu-
nicated from the second separation unit 800 to the hydrocarbon membrane unit 950 or otherwise flow unheated through
stream 822. A third hydrocarbon stream 970 comprising hydrocarbons (e.g., isobutane) can be emitted from the hydro-
carbon membrane unit 950. At least a portion of the third hydrocarbon stream 970 can be communicated from the
hydrocarbon membrane unit 950 to the INRU compressor 525 (e.g., via the recycle stream 505 as shown in Figure 1A).
A fifth recovered purge gas stream (e.g., fifth nitrogen stream) 960 comprising nitrogen 965 can be emitted from the
hydrocarbon membrane unit 950. At least a portion of the nitrogen 965 can be recycled to a purge vessel, such as the
purge vessel 400, for example via the purge gas stream 410 (e.g., via the recycle stream 509 as shown in Figure 1A).
[0027] PEP system 1000 may be employed in the production of polyethylene according to one or more PEP processes
as disclosed herein. Although the various steps of the PEP processes disclosed herein may be disclosed or illustrated
in a particular order, such should not be construed as limiting the performance of these processes to any particular order
unless otherwise indicated.
[0028] Referring to Figure 2, a PEP process 2000 is illustrated. PEP process 2000 can generally comprise (i) an
optional step 2100 of purifying a feed stream; (ii) a step 2200 of polymerizing monomers of the purified feed stream to
form a polymerization product stream; (iii) a step 2300 of separating the polymerization product stream into a polymer
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stream and a gas stream; (iv) a step 2400 of processing the gas stream in a gas treatment system (e.g., comprising one
or more distillation columns); (v) a step 2500 of purging the polymer stream to produce a purged polymer stream and a
spent purge gas stream; (vi) a step 2600 of introducing the spent purge gas stream to a compressor to produce a
compressed gas stream; (vii) a step 2700 of introducing the compressed gas stream to a first separation unit to produce
a first HC stream and a membrane unit feed stream; (viii) a step 2800 of introducing the membrane unit feed stream to
a membrane unit to produce a first recovered purge gas stream and a retentate stream; (ix) a step 2900 of introducing
the retentate stream to a second separation unit to produce a second HC stream and a purification unit feed stream;
and (x) a step 2950 of introducing the purification unit feed stream (e.g., PSA unit feed stream) to a PSA unit to produce
a second recovered purge gas stream and a tail gas stream, or (xi) a step 2975 of introducing the purification unit feed
stream (e.g., HC membrane unit feed stream) to a HC membrane unit to produce a third HC stream and a fifth recovered
purge gas stream. The PEP process 2000 or a portion thereof can be implemented via the PEP system 1000 (e.g., as
illustrated in Figure 1A). For examples, steps 2600 through 2950 or 2975 can be implemented via the INRU systems
500 or 501, respectively.
[0029] The PEP process 2000 can generally comprise the step 2100 of purifying a feed stream or a reagents stream.
Purifying a feed stream can comprise separating unwanted compounds and elements from a feed stream comprising
ethylene to form a purified feed stream. Purifying a feed stream can comprise any suitable method or process, including
the nonlimiting examples of filtering, membrane screening, reacting with various chemicals, absorbing, adsorbing, dis-
tillation(s), or combinations thereof.
[0030] Referring to Figure 3, a loop slurry reactor system 101 is shown, wherein a feed stream 10 (e.g., reagents
stream 110 in Figure 1A) can be communicated to a purifier 102. The feed stream 10 can comprise ethylene and various
other gases, such as but not limited to methane, ethane, acetylene, propane, propylene, water, nitrogen, oxygen, various
other gaseous hydrocarbons having three or more carbon atoms, various contaminants, or combinations thereof. The
purifier 102 can comprise a device or apparatus suitable for the purification of one or more reactant gases in a feed
stream comprising a plurality of potentially unwanted gaseous compounds, elements, contaminants, and the like. Non-
limiting examples of a suitable purifier 102 can comprise a filter, a membrane, a reactor, an absorbent, a molecular
sieve, one or more distillation columns, or combinations thereof. The purifier 102 can be configured to separate ethylene
from a stream comprising a plurality of potentially unwanted gaseous compounds, elements, contaminants, and the like.
[0031] Purifying a feed stream can yield a purified feed stream 11 comprising substantially pure monomers (e.g.,
substantially pure ethylene). The purified feed stream can comprise less than about 25% by total weight of the stream,
alternatively, less than about 10%, alternatively, less than about 1.0% of any one or more of nitrogen, oxygen, methane,
ethane, propane, comonomers, or combinations thereof. As used herein "substantially pure ethylene" refers to a fluid
stream comprising at least about 60% ethylene, alternatively, at least about 70% ethylene, alternatively, at least about
80% ethylene, alternatively, at least about 90% ethylene, alternatively, at least about 95% ethylene, alternatively, at
least about 99% ethylene by total weight of the stream, or alternatively, at least about 99.5% ethylene by total weight of
the stream. The feed stream 11 can further comprise trace amounts of ethane.
[0032] The purified feed stream can comprise a comonomer, such as unsaturated hydrocarbons having from 3 to 20
carbon atoms. Nonlimiting examples of comonomers that can be present in the purified feed stream include alpha olefins,
such as for example propylene, 1-butene, 1-pentene, 1-hexene, 3-methyl-1-butene, 4-methyl-1-pentene, 1-heptene, 1-
octene, 1-nonene, 1-decene, and the like, or combinations thereof.
[0033] The PEP process 2000 can generally comprise the step 2200 of polymerizing monomers of the purified feed
stream to form a polymerization product stream. The polymerization product stream can be formed using any suitable
olefin polymerization method which can be carried out using various types of polymerization reactors.
[0034] As used herein, the terms "polymerization reactor" or "reactor" include any polymerization reactor capable of
polymerizing olefin monomers or comonomers to produce homopolymers or copolymers. Such homopolymers and
copolymers are referred to as resins or polymers. The various types of reactors include those that can be referred to as
gas phase, batch, slurry, solution, high-pressure, tubular or autoclave reactors. Gas phase reactors can comprise fluidized
bed reactors or staged horizontal reactors. Slurry reactors can comprise vertical or horizontal loops. High-pressure
reactors can comprise autoclave or tubular reactors. Reactor types can include batch or continuous processes. Contin-
uous processes could use intermittent or continuous product discharge. Processes can also include partial or full direct
recycle of unreacted monomer, unreacted comonomer, diluent, or combinations thereof.
[0035] Polymerization reactor systems of the present disclosure can comprise one type of reactor in a system or
multiple reactors of the same or different type. Production of polymers in multiple reactors can include several stages
in at least two separate polymerization reactors interconnected by transfer stream(s), line(s), apparatus(es) (for example,
a separation vessel(s)), device(s) (for example, a valve or other mechanism), or combinations thereof, making it possible
to transfer the polymers resulting from a first polymerization reactor into a second reactor. The desired polymerization
conditions in one of the reactors can be different from the operating conditions of the other reactors. Alternatively,
polymerization in multiple reactors can include the manual transfer of polymer from one reactor to subsequent reactors
for continued polymerization. Multiple reactor systems can include any combination including, but not limited to, multiple
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loop reactors. Multiple reactor systems can include any combination including, but not limited to, multiple loop reactors,
multiple gas phase reactors, or a combination of loop and gas phase reactors. The multiple reactors can be operated
in series, in parallel, or both.
[0036] According to one aspect of this disclosure, not according to the claimed invention, the polymerization reactor
system can comprise at least one loop slurry reactor comprising vertical or horizontal loops. Monomer, diluent, catalyst,
and optionally any comonomer can be continuously fed to a loop reactor where polymerization occurs. Generally,
continuous processes can comprise the continuous introduction of a monomer, an optional comonomer, a catalyst, and
a diluent into a polymerization reactor and the continuous removal from this reactor of a suspension comprising polymer
particles and the diluent. Reactor effluent can be flashed to remove the solid polymer from the liquids that comprise the
diluent, monomer, comonomer, or combinations thereof. Various technologies can be used for this separation step
including but not limited to, flashing that can include any combination of heat addition and pressure reduction; separation
by cyclonic action in either a cyclone or hydrocyclone; or separation by centrifugation.
[0037] A suitable slurry polymerization process (also known as the particle form process), is disclosed, for example,
in U.S. Patent Nos. 3,248,179; 4,501,885; 5,565,175; 5,575,979; 6,239,235; 6,262,191; and 6,833,415.
[0038] Suitable diluents used in slurry polymerization include, but are not limited to, the monomer, and optionally, the
comonomer, being polymerized and hydrocarbons that are liquids under reaction conditions. Examples of suitable
diluents include, but are not limited to, hydrocarbons such as propane, cyclohexane, isobutane, n-butane, n-pentane,
isopentane, neopentane, and n-hexane. Some loop polymerization reactions can occur under bulk conditions where no
diluent is used.
[0039] According to another aspect of this disclosure, the polymerization reactor can comprise at least one gas phase
reactor. Such polymerization reactors can employ a continuous recycle stream containing one or more monomers
continuously cycled through a fluidized bed in the presence of a catalyst under polymerization conditions. A recycle
stream can be withdrawn from the fluidized bed and recycled back into the reactor. Simultaneously, a polymer product
can be withdrawn from the reactor and new or fresh monomer can be added to replace the polymerized monomer.
Likewise, copolymer product can optionally be withdrawn from the reactor and new or fresh comonomer can be added
to replace polymerized comonomer, polymerized monomer, or combinations thereof. In some configurations, gas phase
reactors can employ a diluent, such as isopentane. Such gas phase reactors can comprise a process for multi-step gas
phase polymerization of olefins, in which olefins are polymerized in the gaseous phase in at least two independent gas
phase polymerization zones while feeding a catalyst-containing polymer formed in a first polymerization zone to a second
polymerization zone. Gas phase reactors are disclosed in U.S. Patent Nos. 5,352,749; 4,588,790; and 5,436,304.
[0040] According to yet another aspect of this disclosure, a high-pressure polymerization reactor can comprise a
tubular reactor or an autoclave reactor. Tubular reactors, autoclave reactors, or both can have several zones where
fresh monomer (optionally, comonomer), or a polymerization catalyst system can be added. Monomer (optionally, comon-
omer) can be entrained in an inert dense fluid stream (well above the critical point at such high pressures) and introduced
into the reactor (typically introduced in multiple locations on the reactor). Polymerization catalyst system components
can be entrained in a monomer feed stream, introduced as liquids or supercritical fluids directly into the reactor, or both.
The fluid streams can be intermixed in the reactor to initiate and sustain polymerization. Heat and pressure can be
employed appropriately to obtain optimal polymerization reaction conditions.
[0041] According to still yet another aspect of this disclosure, the polymerization reactor can comprise a solution
polymerization reactor wherein the monomer (optionally, comonomer) can be contacted with a catalyst composition by
suitable stirring or other means. A carrier comprising an inert organic diluent or excess monomer (optionally, comonomer)
can be employed. If desired, the monomer and/or optional comonomer can be brought in the vapor phase into contact
with a catalytic reaction product, in the presence or absence of liquid material. A polymerization zone is maintained at
temperatures and pressures that will result in the formation of a solution of the polymer in a reaction medium. Agitation
can be employed to obtain better temperature control and to maintain uniform polymerization mixtures throughout the
polymerization zone. Adequate means are utilized for dissipating the exothermic heat of polymerization.
[0042] Polymerization reactors suitable for the disclosed systems and processes can further comprise any combination
of at least one raw material feed system, at least one feed system for catalyst or catalyst components, and at least one
polymer recovery system. Suitable reactor systems can further comprise systems for feedstock purification, catalyst
storage and preparation, extrusion, reactor cooling, polymer recovery, fractionation, recycle, storage, loadout, laboratory
analysis, and process control.
[0043] Conditions (e.g., polymerization conditions) that are controlled for polymerization efficiency and to provide
desired resin properties include temperature; pressure; type of catalyst or co-catalyst, quantity of catalyst or co-catalyst,
or both; concentrations of various reactants; partial pressures of various reactants; or combinations thereof.
[0044] Polymerization temperature can affect catalyst productivity, polymer molecular weight and molecular weight
distribution. Suitable polymerization temperature can be any temperature below the depolymerization temperature ac-
cording to the Gibbs Free energy equation. The polymerization temperature can have as upper limit a temperature at
which the monomer (e.g., ethylene) begins to decompose. As will be appreciated by one of skill in the art, and with the
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help of this disclosure, monomer decomposition temperatures are pressure dependent. Polymerization temperatures
can be from about 60 °C to about 350 °C, alternatively from about 60 °C to about 280 °C, or alternatively from about 70
°C to about 110 °C, depending upon the type of polymerization reactor.
[0045] Suitable pressures will also vary according to the reactor and polymerization type. The pressure for liquid phase
polymerizations in a loop reactor is typically less than about 1,000 pound per square inch gauge (psig) (6.9 megapascal
(MPa)). Pressure for gas phase polymerization is usually at about 1.4 Mpa (200 psig) to about 4.8 Mpa (700 psig). High-
pressure polymerization in tubular or autoclave reactors is generally run at about 68.9 Mpa (10,000 psig) to about 344.7
Mpa (50,000 psig). Polymerization reactors can also be operated in a supercritical region occurring at generally higher
temperatures and pressures. Operation above the critical point of a pressure/temperature diagram (supercritical phase)
can offer advantages. In an aspect, polymerization can occur in an environment having a suitable combination of tem-
perature and pressure. For example, polymerization can occur at a pressure in a range of from about 3.8 Mpa (550 psig)
to about 4.5 Mpa (650 psig) , or alternatively, from about 4.1 Mpa (600 psig) to about 4.3 Mpa (625 psig) and a temperature
in a range of from about 77 °C (170 °F) to about 110 °C (230 °F), or alternatively, from about 91 °C (195 °F) to about
104 °C (220 °F).
[0046] The concentration of various reactants can be controlled to produce resins with certain physical and mechanical
properties. The proposed end-use product that will be formed by the resin and the method of forming that product
determines the desired resin properties. Mechanical properties include tensile, flexural, impact, creep, stress relaxation
and hardness tests. Physical properties include density, molecular weight, molecular weight distribution, melting tem-
perature, glass transition temperature, temperature melt of crystallization, density, stereoregularity, crack growth, long
chain branching and rheological parameters.
[0047] The concentrations, partial pressures, or both of monomer, comonomer, hydrogen, co-catalyst, modifiers, and
electron donors are important in producing these resin properties. Comonomer can be used to control product density.
Hydrogen can be used to control product molecular weight. Cocatalysts can be used to alkylate, scavenge poisons and
control molecular weight. Modifiers can be used to control product properties and electron donors affect stereoregularity,
the molecular weight distribution, molecular weight, or combinations thereof. In addition, the concentration of poisons
is minimized because poisons impact the reactions and product properties.
[0048] Any suitable polymerization catalyst system can be employed. A suitable polymerization catalyst system can
comprise a catalyst and, optionally, a co-catalyst (e.g., organoaluminum compound), a promoter, or both. In some
aspects, the catalyst system can comprise an activator (e.g., activator-support). Nonlimiting examples of suitable catalyst
systems include but are not limited to single-site or dual-site catalysts such as Ziegler Natta catalysts, Ziegler catalysts,
chromium catalysts, chromium oxide catalysts, chrome-silica catalysts, chrome-titania catalysts, chromocene catalysts,
metallocene catalysts, nickel catalysts, or combinations thereof. Suitable metallocene catalysts for use in the systems
described herein may be any conventional or non-conventional metallocene catalyst. As used herein, the term "metal-
locene" is used to refer to all catalytically active metals: h-ligand complexes in which a metal is complexed by one, two,
or more open chain or closed-ring h-ligands. The use of bridged bis-η-ligand metallocenes, single η-ligand "half met-
allocenes", and bridged η-σ ligand "scorpionate" metallocenes is preferred in accordance with some aspects of the
present disclosure. The metal in such complexes is preferably a group 4A, 5A, 6A, 7A or 8A metal or a lanthanide or
actinide of the Periodic Table of the Elements, especially a group 4A, 5A or 6A metal, more particularly Zr, Hf or Ti. The
η-ligand preferably comprises η4 or η5 open-chain or a η5-cyclopentadienyl ring, optionally with a ring or chain carbon
replaced by a heteroatom (e.g., N, B, S or P), optionally substituted by pendant or fused ring substituents and optionally
linked by bridge (e.g., a 1 to 4 atom bridge such as (CH2)2, C(CH3)2 or Si(CH3)2) to a further optionally substituted homo
or heterocyclic cyclopentadienyl ring. The ring substituents may for example be halo atoms or alkyl groups optionally
with carbons replaced by heteroatoms such as O, N and Si, especially Si and O and optionally substituted by mono or
polycyclic groups such as phenyl or naphthyl groups. Catalyst systems suitable for use in the present disclosure have
been described, for example, in U.S. Patent Nos. 7,163,906; 7,619,047; 7,790,820; 7,960,487; 8,138,113; 8,207,280;
8,268,944; 8,450,436; and 9,181,372.
[0049] The catalyst system can comprise an activator. The activator can be a solid oxide activator-support, a chemically
treated solid oxide, a clay mineral, a pillared clay, an exfoliated clay, an exfoliated clay gelled into another oxide matrix,
a layered silicate mineral, a non-layered silicate mineral, a layered aluminosilicate mineral, a non-layered aluminosilicate
mineral, an aluminoxane, a supported aluminoxane, an ionizing ionic compound, an organoboron compound, or any
combination thereof. The terms "chemically-treated solid oxide," "solid oxide activator-support," "acidic activator-support,"
"activator-support," "treated solid oxide compound," and the like are used herein to indicate a solid, inorganic oxide of
relatively high porosity, which exhibits Lewis acidic or Brønsted acidic behavior, and which has been treated with an
electron-withdrawing component, typically an anion, and which is calcined. The electron-withdrawing component is
typically an electron-withdrawing anion source compound. Thus, the chemically-treated solid oxide compound comprises
the calcined contact product of at least one solid oxide compound with at least one electron-withdrawing anion source
compound. Typically, the chemically-treated solid oxide comprises at least one ionizing, acidic solid oxide compound.
The terms "support" and "activator-support" are not used to imply these components are inert, and such components
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should not be construed as an inert component of the catalyst composition.
[0050] Monomers in a feed stream (e.g., purified feed stream 11) can be polymerized in the presence of the catalyst
system. Polymerizing monomers of the purified feed stream can comprise allowing a polymerization reaction between
a plurality of monomers by contacting a monomer or monomers with a catalyst system under conditions suitable for the
formation of a polymer. Polymerizing comonomers of the purified feed stream can comprise allowing a polymerization
reaction between a plurality of comonomers by contacting a comonomer or comonomers with a catalyst system under
conditions suitable for the formation of a copolymer.
[0051] The step 2200 of polymerizing monomers of the purified feed stream to form a polymerization product stream
can be carried out using a loop slurry reactor system (e.g., loop slurry reactor system 100 in Figure 1), such as for
example a loop slurry reactor system 101 illustrated in Figure 3. The loop slurry reactor system 101 generally comprises
a purifier 102, a first reactor 104, and an optional second reactor 106. In the loop slurry reactor system disclosed herein,
various system components can be in fluid communication via one or more conduits (e.g., pipes, tubing, flow lines, etc.)
suitable for the conveyance of a particular stream, for example as shown in detail by the numbered streams in Figure 3.
[0052] A purified feed stream 11 can be communicated from the purifier 102 to one or more of the reactors (e.g., a
first reactor 104, a second reactor 106). Where the loop slurry reactor system comprises two or more reactors, a mid-
polymerization reactor stream 15 can be communicated from the first reactor 104 to the second reactor 106. Hydrogen
can be introduced to the first reactor 104, the second reactor 106, or both. Hydrogen can be introduced into the second
reactor 106 in stream 21. A polymerization product stream (e.g., polymerization product stream 121 in Figure 3, polym-
erization product stream 120 in Figure 1) can be emitted from the first reactor 104, the second reactor 106, or both.
[0053] As illustrated by Figure 3, polymerizing monomers of the purified feed stream can comprise routing the purified
feed stream 11 to the one or more of the polymerization reactors 104, 106. Polymerizing monomers of the mid-polym-
erization reactor stream 15 can comprise routing the mid-polymerization reactor stream 15 to polymerization reactor(s)
106. As illustrated by Figure 3, polymerizing monomers of the mid-polymerization reactor stream 15 can comprise routing
the mid-polymerization reactor stream 15 from polymerization reactor(s) 104 to polymerization reactor(s) 106.
[0054] The polymerization reactors 104, 106 can comprise any vessel or combination of vessels suitably configured
to provide an environment for a chemical reaction (e.g., a contact zone) between monomers (e.g., ethylene), polymers
(e.g., an "active" or growing polymer chain), or both, and optionally comonomers, copolymers, or both in the presence
of a catalyst to yield a polymer (e.g., a polyethylene polymer), copolymer, or both. Although Figure 3 illustrate a PEP
system having two reactors in series, one of skill in the art viewing this disclosure will recognize that one reactor,
alternatively, any suitable number of reactors, configuration of reactors, or both can be employed.
[0055] As illustrated in Figure 3, production of polymers in multiple reactors can include at least two polymerization
reactors 104, 106 interconnected by one or more devices or apparatus (e.g., valve, continuous take-off valve, continuous
take-off mechanism). As illustrated in Figure 3, production of polymers in multiple reactors can include at least two
polymerization reactors 104, 106 interconnected by one or more streams or lines (e.g., mid-polymerization reactor stream
15). Production of polymers in multiple reactors can include at least two polymerization reactors 104, 106 interconnected
by one or more separators (e.g., flash chambers).
[0056] Polymerizing monomers can comprise introducing a suitable catalyst system into the first reactor 104, the
second reactor 106, or both, respectively, so as to form a slurry. Alternatively, a suitable catalyst system can reside in
the first reactor 104, the second reactor 106, or both, respectively.
[0057] As previously described herein, polymerizing monomers can comprise selectively manipulating one or more
polymerization reaction conditions to yield a given polymer product, to yield a polymer product having one or more
desirable properties, to achieve a desired efficiency, to achieve a desired yield, and the like, or combinations thereof.
Polymerizing monomers of the purified feed stream 11 can comprise adjusting one or more polymerization reaction
conditions.
[0058] Polymerizing monomers can comprise maintaining a suitable temperature, pressure, partial pressure(s), or
combinations thereof during the polymerization reaction; alternatively, cycling between a series of suitable temperatures,
pressures, partial pressure(s), or combinations thereof during the polymerization reaction.
[0059] Polymerizing monomers can comprise polymerizing comonomers in one or more of polymerization reactors
104, 106. Polymerizing monomers can comprise introducing ethylene monomer, a comonomer, or both to the polymer-
ization reactor 106.
[0060] Polymerizing monomers can include introducing hydrogen into one or more of reactors 104 and 106. For
example, Figure 3 illustrates that hydrogen can be introduced into reactor 106 through stream 21. The amount of hydrogen
introduced into the reactor 106 can be adjusted so as to obtain, in the diluent, a molar ratio of hydrogen to ethylene of
0.001 to 0.1. This molar ratio can be at least 0.004 in reactor 106, and in some instances this molar ratio cannot exceed
0.05. The ratio of the concentration of hydrogen in the diluent in reactor 104 to the concentration of hydrogen polymer-
ization reactor 106 can be at least 20, alternatively, at least 30, alternatively, at least 40, alternatively, not greater than
300, or alternatively, not greater than 200. Suitable hydrogen concentration control methods and systems are disclosed
in U.S. Patent No. 6,225,421.
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[0061] Polymerizing monomers can comprise circulating, flowing, cycling, mixing, agitating, or combinations thereof,
the monomers (optionally, comonomers), catalyst system, the slurry within the reactors 104, 106, the slurry between
the reactors 104, 106, or combinations thereof. Where the monomers (optionally, comonomers), catalyst system, slurry,
or combinations thereof are circulated, circulation can be at a velocity (e.g., slurry velocity) of from about 1 m/s to about
30 m/s, alternatively, from about 2 m/s to about 17 m/s, or alternatively, from about 3 m/s to about 15 m/s.
[0062] Polymerizing monomers can comprise configuring reactors 104, 106 to yield an unimodal resin. Herein, the
"modality" of a polymer resin refers to the form of its molecular weight distribution curve, i.e., the appearance of the
graph of the polymer weight fraction as a function of its molecular weight. The polymer weight fraction refers to the
weight fraction of molecules of a given size. A polymer having a molecular weight distribution curve showing a single
peak can be referred to as a unimodal polymer, a polymer having a curve showing two distinct peaks can be referred
to as bimodal polymer, a polymer having a curve showing three distinct peaks can be referred to as trimodal polymer, etc.
[0063] Polymerizing monomers can comprise configuring reactors 104, 106 to yield a multimodal (e.g., a bimodal)
polymer (e.g., polyethylene). For example, the resultant polymer can comprise both a relatively high molecular weight,
low density (HMWLD) polyethylene polymer and a relatively low molecular weight, high density (LMWHD) polyethylene
polymer. For example, various types of suitable polymers can be characterized as having a various densities. For
example, a Type I polymer can be characterized as having a density in a range of from about 0.910 g/cm3 to about 0.925
g/cm3, alternatively, a Type II polymer can be characterized as having a density from about 0.926 g/cm3 to about 0.940
g/cm3, alternatively, a Type III polymer can be characterized as having a density from about 0.941 g/cm3 to about 0.959
g/cm3, alternatively, a Type IV polymer can be characterized as having a density of greater than about 0.960 g/cm3.
[0064] As illustrated in Figure 3, polymerizing monomers of the purified feed stream 11 can yield the polymerization
product stream 121. The polymerization product stream 121 (e.g., polymerization product stream 120 in Figure 1) can
generally comprise various solids, semi-solids, volatile and nonvolatile liquids, gases and combinations thereof. Polym-
erizing monomers of the purified feed stream 11 can yield the polymerization product stream 121 generally comprising
unreacted monomer (e.g., ethylene), optional unreacted comonomer, by-products (e.g., ethane, which can be by-product
ethane formed from ethylene and hydrogen), and a polymerization product (e.g., polymer and optionally, copolymer).
As used herein, an "unreacted monomer," for example, ethylene, refers to a monomer that was introduced into a po-
lymerization reactor during a polymerization reaction but was not incorporated into a polymer. As used herein, an
"unreacted comonomer" refers to a comonomer that was introduced into a polymerization reactor during a polymerization
reaction but was not incorporated into a polymer. The solids, liquids, or both of the polymerization product stream 121
can comprise a polymer product (e.g., a polyethylene polymer), often referred to at this stage of the PEP process as
"polymer fluff." The gases of the polymerization product stream 121 can comprise unreacted, gaseous reactant monomers
or optional comonomers (e.g., unreacted ethylene monomers, unreacted comonomers), gaseous waste products, gas-
eous contaminants, or combinations thereof.
[0065] The polymerization product stream 121 can comprise hydrogen, nitrogen, methane, ethylene, ethane, propyl-
ene, propane, butane, 1-butene, isobutane, pentane, hexane, 1-hexene and heavier hydrocarbons. Ethylene can be
present in a range of from about 0.1% to about 15%, alternatively, from about 1.5% to about 5%, or alternatively, from
about 2% to about 4% by total weight of the polymerization product stream. Ethane can be present in a range of from
about 0.001% to about 4%, or alternatively, from about 0.2% to about 0.5% by total weight of the polymerization product
stream. Isobutane can be present in a range of from about 80% to about 98%, alternatively, from about 92% to about
96%, or alternatively, about 95% by total weight of the polymerization product stream.
[0066] The PEP process 2000 can generally comprise the step 2300 of separating the polymerization product stream
into a polymer stream and a gas stream. Separating the polymerization product into a polymer stream and a gas stream
can generally comprise removing gases from liquids, solids (e.g., the polymer fluff), or both by any suitable process.
[0067] As illustrated by Figure 1, separating the polymerization product into a polymer stream and a gas stream can
comprise routing the polymerization product stream 120 to a separator (e.g., flash chamber 200). The polymerization
product stream 120 can comprise at least a portion of the polymerization product stream 121 emitted from the second
reactor 106. The polymerization product stream 120 can comprise at least a portion of the mid-polymerization reactor
stream 15 emitted from the first reactor 104. The polymerization product stream 120 can comprise at least a portion of
the polymerization product stream 121 and at least a portion of the mid-polymerization reactor stream 15.
[0068] A separator such as flash chamber 200 can be configured to separate a stream (e.g., polymerization product
stream 120 comprising polyethylene) into gases, liquids, solids, or combinations thereof.
[0069] The separator for separating the polymerization product stream into a polymer stream and a gas stream can
comprise a vapor-liquid separator. As will be appreciated by one of skill in the art, and with the help of this disclosure,
the solids of the polymerization product stream (e.g., polymer fluff) are slurried in the liquids of the polymerization product
stream, and a vapor-liquid separator would generally separate the solids and the liquid in a single slurry phase from the
gases of the polymerization product stream. Nonlimiting examples of separators suitable for use in the present disclosure
include a fixed-bed adsorption column, a flash tank, a filter, a membrane, a reactor, an absorbent, an adsorbent, a
molecular sieve, or combinations thereof.
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[0070] The separator may be a flash tank (e.g., flash chamber 200). Without wishing to be limited by theory, such a
flash tank can comprise a vessel configured to vaporize, remove, or both low vapor pressure components from a high
temperature fluid, a high pressure fluid, or a high temperature and a high pressure fluid. The separator for separating
the polymerization product into a polymer stream and a gas stream can be configured such that an incoming stream
can be separated into a liquid stream (e.g., a condensate stream) and a gas (e.g., vapor) stream. The liquid stream can
comprise a reaction product (e.g., polyethylene, often referred to as "polymer fluff"). The liquid stream can be a bottoms
stream. The gas or vapor stream can comprise volatile solvents, gaseous, unreacted monomers, unreacted optional
comonomers, waste gases (secondary reaction products, such as contaminants and the like), or combinations thereof.
The gas stream can be an overhead stream.
[0071] The separator for separating the polymerization product into a polymer stream and a gas stream can be con-
figured such that the polymerization product stream is flashed by heat, pressure reduction, or both, such that an enthalpy
of the polymerization product stream is increased. This can be accomplished via a heater, a flashline heater, various
other operations commonly known in the art, or combinations thereof. For example, a flash line heater comprising a
double pipe can exchange heat by hot water or steam. Such a flashline heater can increase the temperature of the
stream while reducing its pressure.
[0072] Separating the polymerization product stream into a polymer stream and a gas stream can comprise distilling,
vaporizing, flashing, filtering, membrane screening, centrifuging, absorbing, adsorbing, or combinations thereof, the
polymerization product. As illustrated in Figure 1, separating the polymerization product stream into a polymer stream
and a gas stream yields a gas stream 210 and a polymer stream 220 (e.g., polyethylene polymer, copolymer).
[0073] The gas stream 210 can comprise unreacted monomer (e.g., unreacted ethylene monomer), optional unreacted
comonomer, and various gases. Gas stream 210 can comprise the non-solid components of polymerization product
stream 120 in a vapor phase. The gas stream 210 can comprise hydrogen, nitrogen, methane, ethylene, ethane, pro-
pylene, propane, butane, isobutane, pentane, hexane, 1-hexene, heavier hydrocarbons, or combinations thereof. The
gas stream 210 can further comprise trace amounts of oxygen. Ethylene can be present in a range of from about 0.1%
to about 15%, alternatively, from about 1.5% to about 5%, or alternatively, about 2% to about 4% by total weight of the
gas stream. Ethane can be present in a range of from about 0.001% to about 4%, or alternatively, from about 0.2% to
about 0.5% by total weight of the gas stream. Isobutane can be present in a range from about 80% to about 98%,
alternatively, from about 92% to about 96%, or alternatively, about 95% by total weight of the gas stream.
[0074] The mid-polymerization reactor stream 15 can be processed in a similar manner to the polymerization product
stream 121, wherein the mid-polymerization reactor stream 15 can be separated into a mid-polymerization polymer
stream and a mid-polymerization gas stream. The mid-polymerization polymer stream can be communicated to the
second reactor 106; processed in a similar manner to the polymer stream 220, as will be described in more detail later
herein; communicated to the purge vessel 400, such as for example via the polymer stream 220; or combinations thereof.
The mid-polymerization gas stream can be processed in a similar manner to the gas stream 210, as will be described
in more detail later herein; can be communicated to the heavy distillation column 300, such as for example via the gas
stream 210; or both.
[0075] The PEP process 2000 can generally comprise the step 2400 of processing the gas stream in one or more
distillation columns. Processing the gas stream 210 can comprise separating at least one gaseous component from the
gas stream. While the step of processing the gas stream will be discussed in detail in the context of two distillation
columns used for such processing of the gas stream, it should be understood that any suitable number of distillation
columns can be used for processing the gas stream, such as for example one, two, three, four, five, or more distillation
columns.
[0076] Separating at least one gaseous component from the gas stream can comprise distilling a gas stream (e.g.,
gas stream 210) in one step so as to allow at least one gaseous component to separate from other gaseous components
according to temperature(s) of boiling. Separating at least one gaseous component from the gas stream can comprise
distilling a gas stream into a light hydrocarbon stream comprising ethylene, ethane, optionally hydrogen, or combinations
thereof. Separating at least one gaseous component from the gas stream can comprise collecting hexane, hexene,
optionally isobutane, or combinations thereof in a distillation bottoms stream. Alternatively, separating at least one
gaseous component from the gas stream can comprise collecting isobutane from a side stream of a distillation column,
a distillation bottoms stream of a distillation column, or both.
[0077] As shown in Figure 1, distillation columns 300 and 350 can be configured to separate at least one gaseous
component from a gas stream (e.g., gas stream 210). Processing the gas stream 210 in one or more distillation columns
can yield several hydrocarbon fractions. The gas stream 210 can be communicated to the heavy distillation column 300.
Gas stream 210 can be distilled in the heavy distillation column 300 to form an intermediate hydrocarbon (HC) stream
330 which can be communicated to the light distillation column 350. Non-distilled components in the heavy distillation
column 300 can emit from the heavy distillation column 300 in heavy distillation bottoms stream 310. Heavy distillation
side stream 320 can optionally emit from the heavy distillation column 300.
[0078] Intermediate hydrocarbon stream 330 can be characterized as comprising, alternatively, comprising substan-
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tially, alternatively, consisting essentially of, alternatively, consisting of, C4 and lighter hydrocarbons (e.g., butane, isob-
utane, propane, ethane, or methane) and any light gases (e.g., nitrogen). For example, C4 and lighter hydrocarbons
and gases can be present in the intermediate hydrocarbon stream 330 in an amount of from about 80% to about 100%
by total weight of the intermediate hydrocarbon stream, alternatively from about 90% to about 99.999999%, alternatively
from about 99% to about 99.9999%, alternatively, C5 and heavier hydrocarbons can be present in the intermediate
hydrocarbon stream 330 in an amount from about 0% to about 20% by total weight of the intermediate hydrocarbon
stream, alternatively from about 10% to about 0.000001%, alternatively from about 1.0% to about 0.0001%. Also, for
example, at least 90% by weight of the C4 and lighter hydrocarbons and gases of the gas stream 210 can be present
in the intermediate hydrocarbon stream 330, alternatively, at least 98%, alternatively, at least 99%.
[0079] Heavy distillation bottoms stream 310 can be characterized as comprising C6 and heavy components, wherein
the heavy components can comprise alkanes, that is, alkanes larger than hexane (e.g., heptane, other large alkanes,
or both). Hydrocarbons other than C6 and heavy alkanes can be present in the heavy distillation bottoms stream 310 in
an amount less than about 15%, alternatively, less than about 10%, alternatively, less than about 5% by total weight of
the heavy distillation bottoms stream 310. In an aspect, the heavy distillation bottoms stream 310 can be directed to
additional processing steps or methods, or alternatively they can be disposed of, as appropriate. Heavy distillation
bottoms stream 310 can be incinerated.
[0080] Heavy distillation side stream 320 can be characterized as comprising hexene. For example, hexene can be
present in heavy distillation side stream 320 in an amount of from about 20% to about 98% by total weight of the heavy
distillation side stream 320, alternatively from about 40% to about 95%, or alternatively from about 50% to about 95%.
[0081] The heavy distillation side stream 320 can be recycled. Recycling the heavy distillation side stream 320 can
comprise routing (e.g., via a suitable pump or compressor) the heavy distillation side stream 320 back to one or more
components of the PEP system 1000, introducing the heavy distillation side stream 320 into one or more components
of the PEP system 1000, or both; for example, into loop slurry reactor system 100 for reuse in a polymerization reaction.
Recycling the heavy distillation side stream 320 can provide efficient means, cost-effective means, or both of supplying
hexene for operation of the polymerization reaction process. At least a portion of the hexene of the heavy distillation
side stream 320 can be employed in the polymerization reaction as, for example, a comonomer in the reaction. Alter-
natively, at least a portion of the heavy distillation side stream 320 can be routed to storage for subsequent use in a
polymerization reaction or employed in any other suitable process. As will be appreciated by one of skill in the art, and
with the help of this disclosure, at least a portion of the hexene can be recycled back to the reactor when the reactor is
undergoing a polymerization reaction involving hexene as a comonomer. Further, as will be appreciated by one of skill
in the art, and with the help of this disclosure, at least a portion of the hexene can be stored when the reactor is undergoing
a polymerization reaction in the absence of hexene.
[0082] At least a portion of the heavy distillation bottoms stream 310, heavy distillation side stream 320, or both can
be returned to the heavy distillation column 300. For example, at least a portion of the heavy distillation bottoms stream
310, heavy distillation side stream 320, or both can be routed via a reboiler to the heavy distillation column 300 for
additional processing.
[0083] Heavy distillation column 300 can be provided with one or more inlets and at least two outlets. The heavy
distillation column 300 can be operated at a suitable temperature and pressure, for example as can be suitable to achieve
separation of the components of the gas stream 210. For example, the heavy distillation column 300 can be operated
at a temperature in a range of from about 15 °C to about 233 °C, alternatively, from about 20 °C to about 200 °C,
alternatively, from about 20 °C to about 180 °C; a pressure in a range of from about 0.101 MPa (14.7 pound per square
inch (psi)) to about 3.64 MPa (527.9 psi), alternatively, from about 0.108 MPa (15.7 psi) to about 2.40 MPa (348 psi),
alternatively, from about 0.586 MPa (85 psi) to about 2.00 MPa (290 psi); or both. The heavy distillation column 300 can
be configured, sized, or both to provide for separation of a suitable volume of gases (e.g., a flash gas stream). As will
be appreciated by one of skill in the art viewing this disclosure, the gas stream 210 can remain, reside, or both within
heavy distillation column 300 for any suitable amount of time, for example an amount of time as can be necessary to
provide sufficient separation of the components within the heavy distillation column 300.
[0084] The gas stream 210 can be introduced into the heavy distillation column 300 without a compressive step, that
is, without compression of the gas stream 210 after it is emitted from the flash chamber 200 and before it is introduced
into the heavy distillation column 300. Alternatively, the gas stream 210 can be introduced into the heavy distillation
column 300 at substantially the same pressure as the outlet pressure of flash chamber 200 (e.g., a pressure of from
about 0.101 MPa (14.7 pound per square inch absolute (psia)) to about 3.64 MPa (527.9 psia), alternatively, from about
0.108 MPa (15.7 psia) to about 2.40 MPa (348 psia), alternatively, from about 0.586 MPa (85 psia) to about 2.00 MPa
(290 psia) at the outlet of the flash chamber 200). Alternatively, the gas stream 210 can be introduced into the heavy
distillation column 300 without a significant compressive step. Gas stream 210 can be introduced into heavy distillation
column 300 at a pressure in a range of from about 0.172 MPa (25 psi) less than the pressure at which the gas stream
210 was emitted from the flash chamber 200 to about 0.172 MPa (25 psi) greater than the pressure at which the gas
stream 210 was emitted from the flash chamber 200, alternatively, from about 0.103 MPa (15 psi) less than the pressure
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at which the gas stream 210 was emitted from the flash chamber 200 to about 0.103 MPa (15 psi) greater than the
pressure at which the gas stream 210 was emitted from the flash chamber 200, alternatively, from about 0.0345 MPa
(5 psi) less than the pressure at which the gas stream 210 was emitted from the flash chamber 200 to about 0.0345
MPa (5 psi) greater than the pressure at which the gas stream 210 was emitted from the flash chamber 200. The gas
stream 210 can be introduced into the heavy distillation column 300 at a pressure in a range of from about 0.101 MPa
(14.7 psia) to about 3.64 MPa (527.8 psia), alternatively, from about 0.108 MPa (15.7 psia) to about 2.40 MPa (348
psia), or alternatively, from about 0.586 MPa (85 psia) to about 2.00 MPa (290 psia).
[0085] The heavy distillation column 300 can be configured, operated, or both such that each of the intermediate
hydrocarbon stream 330, the heavy distillation bottoms stream 310, and an optionally the heavy distillation side stream
320 can comprise a desired portion, part, or subset of components of the gas stream 210. For example, as will be
appreciated by one of skill in the art and with the help of this disclosure, the location of a particular stream outlet, the
operating parameters of the heavy distillation column 300, the composition of the gas stream 210, or combinations
thereof can be manipulated such that a given stream can comprise a particular one or more components of the gas
stream 210.
[0086] As shown in Figure 1, the intermediate hydrocarbon stream 330 can be separated in the light distillation column
350 to form light hydrocarbon stream 380, light distillation bottoms stream 360, and optionally, light distillation side stream
370. At least one gaseous component can be emitted from the light distillation column 350 in the light hydrocarbon
stream 380, and the other gaseous components can be emitted from the light distillation column 350 in the light distillation
bottoms stream 360.
[0087] Light hydrocarbon stream 380 can be characterized as comprising ethylene. For example, ethylene can be
present in light hydrocarbon stream 380 in an amount from about 50% to about 99% by total weight of the light hydrocarbon
stream 380, alternatively from about 60% to about 98%, or alternatively, from about 70% to about 95%.
[0088] The light hydrocarbon stream 380 can further comprise other light gases (e.g., ethane, methane, carbon dioxide,
nitrogen, hydrogen, or combinations thereof). In some aspects, the light hydrocarbon stream 380 can comprise ethylene
and ethane.
[0089] Light distillation bottoms stream 360 can be characterized as comprising propane, butane, isobutane, pentane,
hexane, heavier saturated hydrocarbons, or combinations thereof. The light distillation bottoms stream 360 can be free
of olefins, alternatively, substantially free of olefins, alternatively, essentially free of olefins, alternatively, consisting
essentially of or consisting of non-olefins. For example, olefins can be present in the light distillation bottoms stream
360 in an amount of less than about 1.0% by total weight of the light distillation bottoms stream 360, alternatively, less
than about 0.5%, alternatively, less than about 0.1%. The light distillation bottoms stream 360 can comprise olefin-free
isobutane 365.
[0090] Light distillation side stream 370 can be characterized as comprising isobutane. Light distillation side stream
370 comprising, alternatively, consisting of or essentially consisting of, isobutane can be emitted from the light distillation
column 350. The isobutane of the light distillation bottoms stream 360 can comprise a different grade of isobutane than
the isobutane of the light distillation side stream 370. For example, the light distillation bottoms stream 360 can comprise
isobutane that is substantially free of olefins, and the light distillation side stream 370 can comprise a recycle isobutane
which can include olefins.
[0091] At least a portion of the light distillation side stream 370, the light distillation bottoms stream 360, or both can
be recycled. Recycling at least a portion of the light distillation side stream 370, light distillation bottoms stream 360, or
both can comprise routing (e.g., via a suitable pump or compressor) or introducing at least a portion of the light distillation
side stream 370, the light distillation bottoms stream 360, or both back to one or more components of the PEP system
1000, for example, into loop slurry reactor system 100 for reuse in a polymerization reaction. At least a portion of the
light distillation side stream 370, the light distillation bottoms stream 360, or both can be combined with various other
components (catalysts, cocatalysts, etc.) to form a catalyst slurry that can be introduced into one or more of reactors
104, 106. Without wishing to be limited by theory, because at least a portion of light distillation bottoms stream 360 can
be free of olefins and can comprise isobutane, the light distillation bottoms stream 360 can be mixed with catalytic
components (e.g., catalysts, cocatalysts, etc.) without the risk of unintended polymerization reactions (e.g., polymerization
prior to introduction into the one or more reactors). As such, at least a portion of the light distillation bottoms stream 360
can serve as a source of olefin-free isobutane for a polymerization reaction. Recycling at least a portion of the light
distillation side stream 370, the light distillation bottoms stream 360, or both can provide efficient means, cost-effective
means, or both of supplying isobutane for operation of the polymerization reaction process. Additionally or alternatively,
at least a portion of the light distillation side stream 370, the light distillation bottoms stream 360, or both can be routed
to storage for subsequent use in a polymerization reaction or employed in any other suitable process.
[0092] At least a portion of the light distillation side stream 370, the light distillation bottoms stream 360, or both can
be returned to the light distillation column 350. For example, at least a portion of the light distillation side stream 370,
the light distillation bottoms stream 360, or both can be routed via a reboiler to the light distillation column 350 for
additional processing.
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[0093] The light distillation column 350 can be configured, sized, or both to provide for separation of a suitable volume
of gases. For example, the light distillation column 350 can be operated at a temperature in a range of from about 50
°C to about 20 °C, alternatively, from about 40 °C to about 10 °C, alternatively, from about 30 °C to about 5 °C; and a
pressure in a range of from about 0.101 MPa (14.7 psia) to about 3.64 MPa (527.9) psia, alternatively, from about 0.108
MPa (15.7 psia) to about 2.40 MPa (348 psia), alternatively, from about 0.586 MPa (85 psia) to about 2.00 MPa (290
psia). The light distillation column 350 can be configured, sized, or both to provide for separation of a suitable volume
of intermediate hydrocarbon stream 330. As will be appreciated by one of skill in the art, and with the help of this
disclosure, the intermediate hydrocarbon stream 330 can remain, reside, or both within the light distillation column 350
for any suitable amount of time as can be necessary to provide sufficient separation of the components of the intermediate
hydrocarbon stream 330. The light distillation column 350 can be provided with at least two outlets.
[0094] The light distillation column 350 can be configured, operated, or both such that each of the light hydrocarbon
stream 380 and the light distillation bottoms stream 360 can comprise a desired portion, part, or subset of components
of the intermediate hydrocarbon stream 330. For example, as will be appreciated by one of skill in the art with the aid
of this disclosure, the location of a particular stream inlet or outlet, the operating parameters of the light distillation column
350, the composition of the intermediate hydrocarbon stream 330, or combinations thereof can be manipulated such
that a given stream can comprise a particular one or more components of the intermediate hydrocarbon stream 330.
[0095] The PEP process 2000 can generally comprise the step 2500 of purging the polymer stream to produce a
purged polymer stream and a spent purge gas stream. As shown in Figure 1, a primary solids feed to the purge vessel
400 comprises typically the polymer stream 220. Generally, the polymer stream 220 comprises a solids discharge (e.g.,
polyolefin fluff, such as for example polyethylene fluff) that exits the flash chamber 200. A purpose of the purge vessel
400 is to remove residual hydrocarbon from polymer stream 220 and to provide a substantially-clean polymer fluff (e.g.,
polymer 425) with relatively small amounts of entrained volatile organic content. The polymer 425 (e.g., polymer fluff)
can be transported or conveyed to an extrusion/loadout system for conversion to pellets, for distribution and sale as
polyolefin pellet resin, or both.
[0096] Referring to Figure 1, the polymer stream 220 can comprise a polymer (e.g., polyethylene), unreacted monomer
(e.g., ethylene, 1-hexene) and various gases (e.g., ethane, isobutane, hydrogen, methane, propane, butane, pentane,
hexane, propylene). Processing (e.g., purging) the polymer stream 220 can yield the purged polymer stream 420 and
the spent purge gas stream 430 generally comprising a purge gas (e.g., nitrogen), unreacted monomer (e.g., ethylene,
1-hexene), and various gases (e.g., ethane, isobutane, hydrogen, nitrogen, methane, propylene, propane, butane, pen-
tane, hexane, heavier hydrocarbons).
[0097] Referring to Figure 1, a purge gas 410 (e.g., an inert gas, nitrogen) can be circulated through purge vessel 400
to remove residual hydrocarbons via a spent purge gas stream 430. The spent purge gas stream 430 can be commu-
nicated to a compressor, such as for example an INRU compressor 525, for hydrocarbon recovery.
[0098] The purge vessel 400 can be a cylindrical vessel having a relatively tall vertical section, a cover or head at the
top, sloped sides or conical shape at the bottom with an opening for polymer fluff discharge. The polymer fluff to be
degassed of volatile hydrocarbons can enter the vessel at the top, while the purge gas, typically nitrogen, can be
introduced to the vessel in the sloped bottom sides. Flow can be countercurrent between the purge gas and polymer
fluff in the vessel. In certain aspects, a hydrocarbon rich purge gas (e.g., spent purge gas 430) can leave the purge
vessel through an opening at the top, while a degassed fluff (e.g., purged polymer stream 420) can leave at the bottom
of the purge vessel. Purge gas can be introduced to the purge vessel 400 at various vessel heights (as opposed to just
at the bottom of the vessel), wherein the purge gas might be characterized by relatively low purity, but it would still help
remove a portion of entrained gases from the polymer fluff. For example, a low purity nitrogen stream, such as nitrogen
stream 736, could be introduced to the purge vessel 400 at a point higher than the bottom of the purge vessel (e.g.,
about mid-way through the height of the vessel), to aid in degassing the polymer fluff.
[0099] Degassing effectiveness in the purge vessel can be predicated on the maintenance of an uniform plug flow of
the polymer fluff and purge gas in the purge vessel, thereby ensuring good contact between the two. A diameter (D) of
the purge vessel can typically range from about 5 to about 6 feet, but a length (L) of the purge vessel can be chosen to
achieve a residence time (e.g., from about 30 to about 180 minutes) sufficient for degassing the polymer fluff. L/D ratios
can range from about 4 to about 8; however, LID ratios can be outside this range. Internal features can be employed in
the purge vessel, such as a distributor plate for introducing purge gas (e.g., nitrogen), an inverted cone for facilitating
plug flow of the polymer (e.g., to reduce bridging or channeling of the polymer fluff), and the like.
[0100] Processing the purged polymer stream 420 (e.g., polymer 425) comprises any suitable process or series of
processes configured to produce a polymer product as can be suitable for commercial or industrial usage, storage,
transportation, further processing, or combinations thereof.
[0101] Processing the purged polymer stream 420 can comprise routing the purged polymer stream 420 to a polymer
processor. The polymer processor can be configured for the performance of a suitable processing means (e.g., to form
various articles), nonlimiting examples of which include cooling, injection molding, melting, pelletizing, film blowing, cast
film, blow molding, extrusion molding, rotational molding, thermoforming, cast molding, fiber spinning, and the like, or
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combinations thereof. Various additives and modifiers can be added to the polymer to provide better processing during
manufacturing and for desired properties in the end product. Nonlimiting examples of such additives can include surface
modifiers such as slip agents, antiblocks, tackifiers; antioxidants such as primary and secondary antioxidants; pigments;
processing aids such as waxes/oils and fluoroelastomers; special additives such as fire retardants, antistats, scavengers,
absorbers, odor enhancers, and degradation agents; or combinations thereof.
[0102] The polymer can include other suitable additives. Such additives can be used singularly or in combination and
can be included in the polymer before, during or after preparation of the polymer as described herein. Such additives
can be added via known techniques, for example during an extrusion or compounding step such as during pelletization
or subsequent processing into an end use article.
[0103] The polymer processor can be configured to form a suitable polymer product. Nonlimiting examples of suitable
polymer products as can result from processing the purged polymer stream include films, powders, pellets, resins, liquids,
or any other suitable form as will be appreciated by those of skill in the art. Such a suitable output can be for use in, for
example, one or more of various consumer or industrial products. For example, the polymer product can be utilized in
any one or more of various articles, including, but not limited to, bottles, drums, toys, containers, household containers,
utensils, film products, tanks, fuel tanks, pipes, membranes, geomembranes, and liners. The polymer processor can be
configured to form pellets for transportation to a consumer product manufacturer.
[0104] The PEP process 2000 can generally comprise introducing the spent purge gas stream to an INRU, such as
INRU 500 or 501, to produce hydrocarbons (e.g., isobutane, such as isobutane 503) and purge gas (e.g., nitrogen, such
as nitrogen 507). In an aspect, at least one gaseous component (e.g., hydrocarbons, isobutane; purge gas, nitrogen)
can be separated from the spent purge gas stream 430 during step 2600.
[0105] Separating at least one gaseous component from a gas stream (e.g., the spent purge gas stream 430) generally
comprises any suitable method of selectively separating at least a first chemical component or compound from a stream
comprising the first chemical component or compound and one or more other chemical components, compounds, or
the like. The gaseous component separated from the gas stream can comprise one or more hydrocarbons. Nonlimiting
examples of such hydrocarbons include alkanes (e.g., ethane, butane, isobutane, hexane, and the like, or combinations
thereof). The gaseous component separated from the gas stream can comprise isobutane. Capturing isobutane can
result in a savings of the cost of the captured isobutane and reduce the presence of isobutane in flare emissions. The
gaseous component separated from the gas stream can comprise a purge gas such as nitrogen. Capturing nitrogen can
result in a savings of the cost of the captured nitrogen that can be recycled to various units in the PEP system 1000,
INRU system 500, or both. Nonlimiting examples of suitable separating means include distilling, vaporizing, flashing,
filtering, membrane screening, absorbing, adsorbing, molecular weight exclusion, size exclusion, polarity-based sepa-
ration, or combinations thereof.
[0106] The PEP process 2000 can generally comprise the step 2600 of introducing the spent purge gas stream to a
compressor, such as INRU compressor 525, to produce a compressed gas stream. The INRU compressor 525 can
comprise any suitable gas compressor that can increase the pressure of the spent purge gas stream 430 as required
by the PEP process 2000. Generally, a gas compressor is a mechanical device that can increase the pressure of a gas
by reducing its volume. Nonlimiting examples of INRU compressors suitable for use in the present disclosure include a
gas compressor, a screw compressor, a rotary-screw compressor, an oil-free rotary-screw compressor, and oil-injected
rotary-screw compressor, a centrifugal compressor, a reciprocating compressor, an axial-flow compressor, and the like,
or combinations thereof.
[0107] The spent purge gas stream 430 can be characterized by a pressure (e.g., inlet pressure, compressor inlet
pressure) of from about 0.101MPa (14.7 psia) to about 0.689 MPa (100 psia), alternatively from about 0.110 MPa (16
psia) to about 0.207 MPa (30 psia), or alternatively from about 0.117 MPa (17 psia) to about 0.172 MPa (25 psia). The
compressed gas stream 526 emitted from the INRU compressor 525 can be characterized by a pressure (e.g., outlet
pressure, compressor outlet pressure) of from about 1.03 MPa (150 psi) to about (3.45 MPa) (500 psi), alternatively
from about (1.38 MPa) (200 psi) to about (2.76 MPa) (400 psi), or alternatively from about (1.55 MPa) (225 psi) to about
(2.07 MPa) (300 psi). As will be appreciated by one of skill in the art, and with the help of this disclosure, the composition
of the spent purge gas stream is not affected by compressing it, and as such the composition of the compressed gas
stream is the same as the composition of the spent purge gas stream. Further, as will be appreciated by one of skill in
the art, and with the help of this disclosure, compressing the spent purge gas enables the hydrocarbons in the spent
purge gas to condense at a higher temperature than without the compressing step, which means that a subsequent
cooling step will have to cool the compressed gas less to achieve hydrocarbon condensation.
[0108] The INRU compressor 525 can be characterized by a compressor power that is reduced by at least about 10%,
alternatively by at least about 20%, or alternatively by at least about 25%, when compared to a compressor power of a
compressor in an otherwise similar polymer production system that has either a membrane unit or a PSA unit but not
both. The INRU compressor power reduction is primarily due to the smaller INRU compressor recycle stream flow.
Retentate stream 710 from the membrane unit (e.g., nitrogen membrane unit) 700 becomes hydrocarbon enriched as
nitrogen is permeated through a membrane, therefore additional hydrocarbons could be condensed and pulled out of
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the INRU system 500, 501. The flow of the remaining vapor streams 820, 821 that are sent to the final purification unit
(PSA unit 900 or hydrocarbon membrane unit 950) can be significantly reduced.
[0109] One or more recycle streams comprising a purge gas (e.g., nitrogen), hydrocarbons (e.g., isobutane), or both
can be introduced to the INRU compressor 525, in addition to the spent purge gas stream 430. The one or more recycle
streams can be produced by the INRU system, as will be described in more detail later herein. A volumetric flow to the
INRU compressor generally accounts for the spent purge gas stream and the one or more recycle streams introduced
to the INRU compressor.
[0110] The INRU compressor 525 can have a volumetric flow that is reduced by at least about 20%, alternatively by
at least about 25%, or alternatively by at least about 30%, when compared to a volumetric flow to a compressor in an
otherwise similar polymer production system comprising an INRU that has either a membrane unit or a PSA unit but not
both. While the volumetric flow does not change substantially on the account of the spent purge gas stream volumetric
flow, there is a reduction in volumetric flow of the one or more recycle streams introduced to the INRU compressor,
owing to recovering more of the purge gas and hydrocarbons from the spent purge gas stream, when compared to an
amount of recovered purge gas and hydrocarbons from the spent purge gas stream in an otherwise similar INRU that
has either a membrane unit or a PSA unit but not both.
[0111] The PEP process 2000 can generally comprise the step 2700 of introducing the compressed gas stream to a
first separation unit to produce a first HC stream and a membrane unit feed stream. In an aspect, at least a portion of
the compressed gas stream can be cooled prior to the step 2700 of introducing at least a portion of the compressed gas
stream to the first separation unit.
[0112] At least a portion of the compressed gas stream 526 can be introduced to the first cooling unit 550 to produce
a first cooled gas stream 560. The compressed gas stream 526 can be characterized by a temperature of from about
37.8 °C (100 °F) to about 176.7 °C (350 °F), alternatively from about 65.6 °C (150 °F) to about 148.9 °C (300 °F), or
alternatively from about 82.2 °C (180 °F) to about 135 °C (275 °F). The first cooled gas stream 560 can be characterized
by a temperature of from about 10 °C (50 °F) to about 65.6 °C (150 °F), alternatively from about 23.9 °C (75 °F) to about
54.4 °C (130 °F), or alternatively from about 26.7 °C (80 °F) to about 48.9 °C (120 °F). A temperature of the first cooled
gas stream 560 can be lower than a temperature of the compressed gas stream 526 by from about 10 °C (50 °F) to
about 93.3 °C (200 °F), alternatively from about 23.9 °C (75 °F) to about 76.7 °C (170 °F), or alternatively from about
37.8 °C (100 °F) to about 68.3 °C (155 °F). Cooling the compressed gas stream promotes the condensation of the
hydrocarbons and enables subsequent removal of hydrocarbons from the compressed gas stream. As will be appreciated
by one of skill in the art, and with the help of this disclosure, the composition of the compressed gas stream is not affected
by cooling it, and as such the composition of the cooled compressed gas stream (e.g., first cooled gas stream 560) is
the same as the composition of the compressed gas stream, although some of the components (e.g., hydrocarbons)
might change the phase they are present in, for example a component might change from a gas phase in the compressed
gas stream to a vapor or liquid phase in the cooled compressed gas stream.
[0113] The first cooling unit 550 can comprise any suitable heat exchange unit that can lower the temperature of the
compressed gas stream as necessary to promote the condensation on the hydrocarbons in the compressed gas stream
526. The first cooling unit 550 can comprise a heat exchanger wherein the compressed gas stream 526 can exchange
heat with a cooling fluid, wherein the temperature of the compressed gas stream 526 is decreased to produce the first
cooled gas stream 560, and wherein a temperature of the cooling fluid is increased. Nonlimiting examples of cooling
fluids suitable for use in the present disclosure include water, a glycol-water mixture, a salt-water mixture, generic
refrigerants, such as propane and propylene, and the like, or combinations thereof.
[0114] At least a portion of the first cooled gas stream 560 can be introduced to the first separation unit 600 to produce
a first HC stream 610 and a membrane unit feed stream 620. The first separation unit 600 can comprise any suitable
vapor-liquid separator that can separate condensed hydrocarbons from the compressed gas stream 526, the first cooled
gas stream 560, or both. Nonlimiting examples of vapor-liquid separators suitable for use in the present disclosure
include gravity separators, centrifugal separators, filter vane separators, mist eliminator pads, liquid/gas coalescers, and
the like, or combinations thereof. The first separation unit 600 can comprise impingement barriers (e.g., mist eliminator
pads, plates) that can use inertial impaction to separate condensed hydrocarbons from a gas stream. The gas stream
(e.g., the compressed gas stream 526, the first cooled gas stream 560, or both) can follow a tortuous path around these
impingement barriers, while liquid droplets (e.g., hydrocarbon liquid droplets) tend to go in straighter paths, impacting
these impingement barriers, thereby losing velocity, coalescing, or both, which eventually leads to the liquid droplets
falling to a bottom of a separation vessel, such as the first separation unit 600.
[0115] The membrane unit feed stream 620 can be collected as a gas stream at a top of the first separation unit 600
(e.g., overhead stream). The membrane unit feed stream 620 can comprise equal to or greater than about 95%, alter-
natively equal to or greater than about 97%, or alternatively equal to or greater than about 99% of the purge gas (e.g.,
nitrogen) of the compressed gas stream 526. The membrane unit feed stream 620 can comprise less than about 50%,
alternatively less than about 60%, or alternatively less than about 75% of the isobutane of the compressed gas stream 526.
[0116] The first hydrocarbon stream 610 can be collected as a liquid stream at a bottom of the first separation unit
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600 (e.g., bottoms stream). The first hydrocarbon stream 610 can comprise equal to or greater than about 50%, alter-
natively equal to or greater than about 60%, or alternatively equal to or greater than about 75% of the isobutane of the
compressed gas stream 526. The first hydrocarbon stream 610 can comprise less than about 95%, alternatively less
than about 97%, or alternatively less than about 99% of the nitrogen of the compressed gas stream 526. The first
hydrocarbon stream 610 can comprise nitrogen in an amount of less than about 5 wt.%, alternatively less than about
2.5 wt.%, or alternatively less than about 1 wt.%, based on the total weight of the first hydrocarbon stream.
[0117] At least a portion of the first hydrocarbon stream 610 can be recycled to one or more distillation columns. For
example, at least a portion of the first hydrocarbon stream 610 can be recycled to the heavy distillation column 300, for
example by adding a portion of the first hydrocarbon stream 610 to the gas stream 210.
[0118] At least a portion of the first hydrocarbon stream 610 can be optionally introduced to the first stripping unit 650
to produce a purified first hydrocarbon stream 660 and a third recovered purge gas stream (e.g., third nitrogen stream)
670. The first stripping unit 650 can comprise any suitable stripping column that can remove at least a portion of the
purge gas (e.g., nitrogen) from the first hydrocarbon stream 610. Nonlimiting examples of stripping columns suitable for
use in the present disclosure include trayed stripping columns, packed stripping columns, flash drums, and the like, or
combinations thereof. Generally, stripping columns employ a countercurrent flow of a liquid stream (e.g., first hydrocarbon
stream 610) and an inert gas stream (e.g., inert gas, nitrogen, hydrogen, methane, ethane, ethylene), wherein the liquid
stream usually flows from the top of the stripping column towards the bottom of the stripping column where it is collected
(e.g., purified first hydrocarbon stream 660), and wherein the inert gas stream usually travels from the bottom of the
stripping column towards the top of the stripping column where it is collected (e.g., third recovered purge gas stream 670).
[0119] An amount of purge gas (e.g., nitrogen) in the purified first hydrocarbon stream 660 can be lower than an
amount of purge gas in the first hydrocarbon stream 610. An amount of nitrogen in the purified first hydrocarbon stream
660 can be less than about 90%, alternatively less than about 92.5%, or alternatively less than about 95% of the nitrogen
of the first hydrocarbon stream 610. The purified first hydrocarbon stream 660 can comprise nitrogen in an amount of
less than about 0.5 wt.%, alternatively less than about 0.25 wt.%, or alternatively less than about 0.1 wt.%, based on
the total weight of the purified first hydrocarbon stream.
[0120] The purified first hydrocarbon stream 660 can comprise isobutane and other hydrocarbons such as ethane,
ethylene, methane, propylene, propane, butane, pentane, hexane, 1-hexene, heavier hydrocarbons. The purified first
hydrocarbon stream 660 can comprise isobutane in an amount of equal to or greater than about 85 wt.%, alternatively
equal to or greater than about 90 wt.%, or alternatively equal to or greater than about 95 wt.%, based on the total weight
of the purified first hydrocarbon stream. The purified first hydrocarbon stream 660 can comprise nitrogen in an amount
of less than about 0.1 wt.%, alternatively less than about 0.08 wt.%, or alternatively less than about 0.05 wt.%, based
on the total weight of the purified first hydrocarbon stream.
[0121] At least a portion of the purified first hydrocarbon stream 660 comprising isobutane 665 can be recycled to one
or more distillation columns. For example, at least a portion of the purified first hydrocarbon stream 660 comprising
isobutane 665 can be recycled to the heavy distillation column 300, e.g., by adding a portion thereof to the gas stream 210.
[0122] The third recovered purge gas stream 670 can comprise nitrogen in an amount of equal to or greater than about
5 wt.%, alternatively equal to or greater than about 10 wt.%, or alternatively equal to or greater than about 15 wt.%,
based on the total weight of the third recovered purge gas stream. The third recovered purge gas stream 670 can
comprise isobutane in an amount of less than about 80%, alternatively less than about 70%, or alternatively less than
about 60%, based on the total weight of the third recovered purge gas stream. At least a portion of the third recovered
purge gas stream 670 can be recycled via stream 671 to the INRU compressor 525.
[0123] The PEP process 2000 can generally comprise the step 2800 of introducing the membrane unit feed stream
to a membrane unit to produce a first recovered purge gas stream and a retentate stream. Optionally, at least a portion
of the compressed gas stream can be heated prior to the step 2800 of introducing at least a portion of the membrane
unit feed stream to the membrane unit.
[0124] At least a portion of the membrane unit feed stream 620 can be optionally introduced to the first membrane
unit feed heater 625 to produce a heated membrane unit feed stream 621. The membrane unit feed stream 620 can be
characterized by a temperature of from about 10 °C (50 °F) to about 65.6 °C (150 °F), alternatively from about 23.9 °C
(75 °F) to about 54.4 °C (130 °F), or alternatively from about 26.7 °C (80 °F) to about 48.9 °C (120 °F). The heated
membrane unit feed stream 621 can be characterized by a temperature of from about 21.1 °C (70 °F) to about 76.7 °C
(170 °F), alternatively from about 35 °C (95 °F) to about 65.6 °C (150 °F), or alternatively from about 37.8 °C (100 °F)
to about 60 °C (140 °F). Without wishing to be limited by theory, heating the membrane unit feed stream can enhance
differences in permeability (e.g., permeability with respect to a polymeric selective membrane, such as a nitrogen mem-
brane) between the components of the membrane unit feed stream, e.g., nitrogen and hydrocarbons, such as isobutane.
As will be appreciated by one of skill in the art, and with the help of this disclosure, the composition of the membrane
unit feed stream is not affected by heating it, and as such the composition of the heated membrane unit feed stream is
the same as the composition of the membrane unit feed stream.
[0125] The first membrane unit feed heater 625 can comprise any suitable heat exchange unit that can increase the
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temperature of the membrane unit feed stream as necessary to enhance the separation of the purge gas (e.g., nitrogen)
and hydrocarbons (e.g., isobutane) in the membrane unit 700. The first membrane unit feed heater 625 can comprise
a heat exchanger wherein the membrane unit feed stream 620 can exchange heat with a heating fluid, wherein the
temperature of the membrane unit feed stream 620 is increased to produce the heated membrane unit feed stream 621,
and wherein a temperature of the heating fluid is decreased. Nonlimiting examples of heating fluids suitable for use in
the present disclosure include hot water, steam, a hot process fluid stream, and the like, or combinations thereof.
[0126] At least a portion of the heated membrane unit feed stream 621 and/or membrane unit feed stream 620 can
be introduced to the nitrogen membrane unit 700 to produce a first recovered purge gas stream (e.g., first nitrogen
stream) 720 and a retentate stream 710. The nitrogen membrane unit 700 can comprise any suitable membrane unit
that can separate nitrogen from the rest of the components of the heated membrane unit feed stream 621 and/or
membrane unit feed stream 620.
[0127] Generally, membrane units can comprise a membrane, such as a polymeric membrane, which is selective to
one or more fluid components of a feed stream (e.g., membrane unit feed stream 620, heated membrane unit feed
stream 621; hydrocarbon membrane unit feed stream 821, heated hydrocarbon membrane unit feed stream 822). Usually,
the feed stream can be a relatively high-pressure (e.g., from about 1.03 MPa (150 psig) to about 2.76 MPa (400 psig)
gas mixture, which can pass along one side of the membrane. One or more components of the feed stream may selectively
permeate through the membrane to a permeate side of the membrane. The one or more components of the feed stream
that selectively permeate through the membrane can be swept using a gas (e.g., nitrogen in the case of a nitrogen
selective membrane; hydrocarbons such as isobutane in the case of a hydrocarbon selective membrane) on the other
side of the membrane (e.g., the permeate side of the membrane) to produce a permeate stream (e.g., first recovered
purge gas stream, e.g., first nitrogen stream 720 in the case of a nitrogen selective membrane or third hydrocarbon
stream 970 in the case of a hydrocarbon selective membrane). Other components of the feed stream may not permeate
through the membrane (e.g., nonpermeating components), and can remain on a retentate side of the membrane (e.g.,
a feed stream side of the membrane) and exit the membrane unit as a retentate stream (e.g., retentate stream 710
comprising hydrocarbons in the case of a nitrogen selective membrane or fifth recovered purge gas stream 960 (i.e.,
fifth nitrogen stream) comprising nitrogen 965 in the case of a hydrocarbon selective membrane). A pressure difference
across the membrane can drive the permeation process.
[0128] The membrane unit can separate components of a gas stream based on size exclusion, wherein smaller
gaseous components of a gas stream (e.g., nitrogen) can easily pass through the membrane and can be collected as
the permeate stream (e.g., first recovered purge gas stream such as first nitrogen stream 720); while larger components
of the gas stream (e.g., hydrocarbons, isobutane) cannot permeate through the membrane and can be collected as the
retentate stream (e.g., retentate stream 710).
[0129] The membrane unit can separate components of a gas stream based on a solubility of components in the
polymeric membrane, wherein components that are more soluble in the polymeric membrane can travel across the
membrane (e.g., can selectively permeate through the membrane) and can be collected as the permeate stream; while
components that are less soluble in the polymeric membrane cannot cross through the membrane and can be collected
as the retentate stream. Where the membrane unit (e.g., membrane unit 700) comprises a nitrogen selective membrane
that separates components based on solubility, the nitrogen can selectively permeate through the membrane and can
be collected as the permeate stream (e.g., first recovered purge gas stream such as first nitrogen stream 720); while
components that are less soluble in the nitrogen selective membrane cannot cross through the membrane and can be
collected as the retentate stream (e.g., retentate stream 710).
[0130] The membrane unit 700 can be heated. Heating the membrane unit can enhance permeability differences
between components of a feed stream (e.g., heated membrane unit feed stream 621), allowing for a better component
separation. Heating the membrane unit can further prevent hydrocarbon (e.g., isobutane) condensation within the mem-
brane unit. The membrane unit 700 can be heated at a temperature of from about 21.1 °C (70 °F) to about 76.7 °C (170
°F), alternatively from about 35 °C (95 °F) to about 68.3 °C (155 °F), or alternatively from about 37.8 °C (100 °F) to about
60 °C (140 °F).
[0131] The first recovered purge gas stream (e.g., first nitrogen stream) 720 can comprise nitrogen in an amount of
equal to or greater than about 30 mol%, alternatively equal to or greater than about 40 mol%, or alternatively equal to
or greater than about 50 mol%, based on the total number of moles of the first recovered purge gas stream. The first
recovered purge gas stream 720 can comprise hydrocarbons in an amount of less than about 70%, alternatively less
than about 60%, or alternatively less than about 50%, based on the total weight of the first recovered purge gas stream.
[0132] The first recovered purge gas stream (e.g., first nitrogen stream) 720 can be characterized by a pressure of
from about 0.0272 MPa (1 psig) to about 0.446 MPa (50 psig), alternatively from about 0.0272 MPa (1 psig) to about
0.170 MPa (10 psig), alternatively from about 0.170 MPa (10 psig) to about 0.446 MPa (50 psig), or alternatively from
about 0.308 MPa (30 psig) to about 0.446 MPa (50 psig). As will be appreciated by one of skill in the art, and with the
help of this disclosure, the pressure of the first recovered purge gas stream is dependent on the intended use of the first
recovered purge gas stream. For example, if the first recovered purge gas stream is sent to vent, then the first recovered
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purge gas stream can have a pressure of from about 0.0272 MPa (1 psig) to about 0.170 MPa (10 psig). As another
example, if the first recovered purge gas stream is recycled to the purge vessel 400, then the first recovered purge gas
stream can have a pressure of from about 0.308 MPa (30 psig) to about 0.446 MPa (50 psig), in which case (i) a gas
booster can be used to pressurize the permeate stream (having a pressure of from about 0.0272 MPa (1 psig) to about
0.170 MPa (10 psig)) to a pressure of from about 0.308 MPa (30 psig) to about 0.446 MPa (50 psig); (ii) the permeate
stream can be set to have a pressure of from about 0.308 MPa (30 psig) to about 0.446 MPa (50 psig) (which may
require larger membrane area); or both.
[0133] At least a portion of the first recovered purge gas stream (e.g., first nitrogen stream) 720 can be introduced to
the splitter 730 to produce a first portion 735 of the first purge gas stream (e.g., nitrogen recycle stream) and a second
portion 736 of the first purge gas stream comprising low pressure purge gas (e.g., low pressure nitrogen) 737. The
splitter 730 can comprise any suitable gas splitter, such as for example a gas splitter valve. The first portion 735 of the
first purge gas stream can be recycled to the INRU compressor 525, for example via a nitrogen recycle stream. The
second portion 736 of the first purge gas stream can be recycled to a purge vessel, such as the purge vessel 400, for
example by introducing the second portion 736 to the middle of the purge vessel 400 (e.g., about mid-way through the
height of the purge vessel). The low pressure nitrogen 737 can be characterized by a pressure of from about 0.273 MPa
(25 psig) to about 0.515 MPa (60 psig), alternatively from about 0.308 MPa (30 psig) to about 0.481 MPa (55 psig), or
alternatively from about 0.308 MPa (30 psig) to about 0.446 MPa (50 psig).
[0134] The retentate stream 710 can comprise less than about 30%, alternatively less than about 20%, alternatively
less than about 10% of the purge gas of the membrane unit feed stream 620 (or heated stream 621). As will be appreciated
by one of skill in the art, and with the help of this disclosure, the amount of nitrogen retained in the retentate stream
depends on a variety pf process factors, such as for example a membrane area of the membrane used in the membrane
unit 700.
[0135] The retentate stream 710 can comprise nitrogen in an amount of less than about 40%, alternatively less than
about 30%, or alternatively less than about 20%, based on the total weight of the retentate stream. The retentate stream
710 can comprise isobutane in an amount of equal to or greater than about 40 wt.%, alternatively equal to or greater
than about 50 wt.%, or alternatively equal to or greater than about 60 wt.%, based on the total weight of the retentate
stream.
[0136] The retentate stream 710 can have a hydrocarbon dew point that is greater than a hydrocarbon dew point of
the membrane unit feed stream 620 (or heated stream 621). A hydrocarbon dew point generally refers to a temperature
at which the hydrocarbon(s) will condense at a certain pressure. Without wishing to be limited by theory, by removing
a portion of the purge gas from the membrane unit feed stream, the hydrocarbons in the resulting retentate stream will
condense at a higher temperature, when compare to the temperature at which the hydrocarbons in the membrane unit
feed stream would condense, thereby allowing for less cooling of the retentate stream to achieve hydrocarbon conden-
sation.
[0137] The PEP process 2000 can generally comprise the step 2900 of introducing the retentate stream to a second
separation unit to produce a second HC stream and a PSA unit feed stream. At least a portion of the retentate stream
can be cooled prior to the step 2900 of introducing at least a portion of the retentate stream to a second separation unit.
[0138] At least a portion of the retentate stream 710 can be introduced to the second cooling unit 750 to produce a
second cooled gas stream 760. The retentate stream 710 can be characterized by a temperature of from about 21.1 °C
(70 °F) to about 76.6 °C (170 °F), alternatively from about 35 °C (95 °F) to about 68.3 °C (155 °F), or alternatively from
about 37.8 °C (100 °F) to about 60 °C (140 °F). The second cooled gas stream 760 can be characterized by a temperature
of from about -28.9 °C (-20 °F) to about 43.3 °C (110 °F), alternatively from about 0 °C (32 °F) to about 37.8 °C (100
°F), or alternatively from about 4.44 °C (40 °F) to about 32.2 °C (90 °F). A temperature of the second cooled gas stream
760 can be lower than a temperature of the retentate stream 710 by from about 32.2 °C (90 °F) to about 15.6 °C (60
°F), alternatively from about 17.2 °C (63 °F) to about 12.8 °C (55 °F), or alternatively from about 15.6 °C (60 °F) to about
10 °C (50 °F). Cooling the retentate stream promotes the condensation of the hydrocarbons and enables subsequent
removal of hydrocarbons from the retentate stream. As will be appreciated by one of skill in the art, and with the help of
this disclosure, the composition of the retentate stream is not affected by cooling it, and as such the composition of the
cooled retentate stream (e.g., second cooled gas stream 760) is the same as the composition of the retentate stream,
although some of the components (e.g., hydrocarbons) might change the phase they are present in, for example a
component might change from a gas phase in the retentate stream to a vapor or liquid phase in the cooled retentate stream.
[0139] The second cooling unit 750 can comprise any suitable heat exchange unit that can lower the temperature of
the retentate stream as necessary to promote the condensation on the hydrocarbons in the retentate stream 710. The
second cooling unit 750 can comprise a heat exchanger wherein the retentate stream 710 can exchange heat with a
cooling fluid, wherein the temperature of the retentate stream 710 is decreased to produce the second cooled gas stream
760, and wherein a temperature of the cooling fluid is increased. Nonlimiting examples of cooling fluids suitable for use
in the present disclosure include water, a glycol-water mixture, a salt-water mixture, generic refrigerants such as propane
and propylene, and the like, or combinations thereof.
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[0140] At least a portion of the second cooled gas stream 760 can be introduced to the second separation unit 800 to
produce a second HC stream 810 and a PSA unit feed stream 820 (or alternatively a hydrocarbon membrane unit feed
stream 821 as described in more detail herein with reference to Figure 1C). The second separation unit 800 can comprise
any suitable vapor-liquid separator that can separate condensed hydrocarbons from the retentate stream 710, the second
cooled gas stream 760, or both. In some aspects, the second separation unit 800 can comprise any suitable vapor-liquid
separator that was described previously herein for the first separation unit 600.
[0141] The PSA unit feed stream 820 can be collected as a gas stream at a top of the second separation unit 800
(e.g., overhead stream). The PSA unit feed stream 820 can comprise equal to or greater than about 97%, alternatively
equal to or greater than about 99%, or alternatively equal to or greater than about 99.9% of the purge gas (e.g., nitrogen)
of the retentate stream 710. The PSA unit feed stream 820 can comprise less than about 45%, alternatively less than
about 35%, or alternatively less than about 25% of the isobutane of the retentate stream 710.
[0142] The PSA unit feed stream 820 can be characterized by a pressure of from about 1.14 MPa (150 psig) to about
2.17 MPa (300 psig), alternatively from about 1.34 MPa (180 psig) to about 1.96 MPa (270 psig), or alternatively from
about 1.55 MPa (210 psig) to about 1.76 MPa (240 psig).
[0143] The second hydrocarbon stream 810 can be collected as a liquid stream at a bottom of the second separation
unit 800 (e.g., bottoms stream). The second hydrocarbon stream 810 can comprise equal to or greater than about 55%,
alternatively equal to or greater than about 65%, or alternatively equal to or greater than about 75% of the isobutane of
the retentate stream 710. The second hydrocarbon stream 810 can comprise less than about 97%, alternatively less
than about 99%, or alternatively less than about 99.9% of the nitrogen of the retentate stream 710. The second hydro-
carbon stream 810 can comprise nitrogen in an amount of less than about 5 wt.%, alternatively less than about 2.5 wt.%,
or alternatively less than about 1 wt.%, based on the total weight of the second hydrocarbon stream.
[0144] At least a portion of the second hydrocarbon stream 810 can be recycled to one or more distillation columns.
For example, at least a portion of the second hydrocarbon stream 810 can be recycled to the heavy distillation column
300, for example via addition of a portion thereof to the gas stream 210.
[0145] At least a portion of the second hydrocarbon stream 810 can be optionally introduced to the second stripping
unit 850 to produce a purified second hydrocarbon stream 860 and a fourth recovered purge gas stream (e.g., fourth
nitrogen stream) 870. The second stripping unit 850 can comprise any suitable stripping column that can remove at
least a portion of the purge gas (e.g., nitrogen) from the second hydrocarbon stream 810. The second stripping unit 850
can comprise any suitable stripping column that was described previously herein for the first stripping unit 650.
[0146] An amount of purge gas in the purified second hydrocarbon stream 860 can be lower than an amount of purge
gas in the second hydrocarbon stream 810. An amount of nitrogen in the purified second hydrocarbon stream 860 can
be less than about 90%, alternatively less than about 92.5%, or alternatively less than about 95% of the nitrogen of the
second hydrocarbon stream 810. The purified second hydrocarbon stream 860 can comprise nitrogen in an amount of
less than about 0.5 wt.%, alternatively less than about 0.25 wt.%, or alternatively less than about 0.1 wt.%, based on
the total weight of the purified second hydrocarbon stream.
[0147] The purified second hydrocarbon stream 860 can comprise isobutane and other hydrocarbons such as ethane,
ethylene, methane, propylene, propane, butane, pentane, hexane, 1-hexene, heavier hydrocarbons. The purified second
hydrocarbon stream 860 can comprise isobutane in an amount of equal to or greater than about 85 wt.%, alternatively
equal to or greater than about 90 wt.%, or alternatively equal to or greater than about 95 wt.%, based on the total weight
of the purified second hydrocarbon stream. The purified second hydrocarbon stream 860 can comprise nitrogen in an
amount of less than about 0.1 wt.%, alternatively less than about 0.08 wt.%, or alternatively less than about 0.05 wt.%,
based on the total weight of the purified second hydrocarbon stream.
[0148] At least a portion of the purified second hydrocarbon stream 860 comprising isobutane 865 can be recycled to
one or more distillation columns. For example, at least a portion of the purified second hydrocarbon stream 860 comprising
isobutane 865 can be recycled to the heavy distillation column 300, e.g., via addition of a portion thereof to the gas
stream 210.
[0149] The fourth recovered purge gas stream 870 can comprise nitrogen in an amount of equal to or greater than
about 5 wt.%, alternatively equal to or greater than about 10 wt.%, or alternatively equal to or greater than about 15
wt.%, based on the total weight of the fourth recovered purge gas stream. The fourth recovered purge gas stream 870
can comprise isobutane in an amount of less than about 80%, alternatively less than about 70%, or alternatively less
than about 60%, based on the total weight of the fourth recovered purge gas stream. At least a portion of the fourth
recovered purge gas stream 870 can be recycled via stream 871 to the INRU compressor 525.
[0150] The first stripping unit 650 and the second stripping unit 850 can be different stripping units. Alternatively, the
first stripping unit 650 and the second stripping unit 850 can be the same stripping unit (i.e., a common stripping unit),
and the first hydrocarbon stream 610 and the second hydrocarbon stream 810 can be combined prior to introducing to
the common stripping unit, wherein a single purified hydrocarbon stream and a single recovered purge gas stream are
recovered from the common stripping unit.
[0151] Where a common stripping unit is employed, the single purified hydrocarbon stream can comprise isobutane
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and other hydrocarbons such as ethane, ethylene, methane, propylene, propane, butane, pentane, hexane, 1-hexene,
heavier hydrocarbons. The single purified hydrocarbon stream can comprise isobutane in an amount of equal to or
greater than about 85 wt.%, alternatively equal to or greater than about 90 wt.%, or alternatively equal to or greater than
about 95 wt.%, based on the total weight of the purified second hydrocarbon stream. The single purified hydrocarbon
stream can comprise nitrogen in an amount of less than about 0.1 wt.%, alternatively less than about 0.08 wt.%, or
alternatively less than about 0.05 wt.%, based on the total weight of the single purified hydrocarbon stream. At least a
portion of the single purified hydrocarbon stream comprising isobutane can be recycled to one or more distillation columns.
[0152] Where a common stripping unit is employed, the single recovered purge gas stream can comprise nitrogen in
an amount of equal to or greater than about 5 wt.%, alternatively equal to or greater than about 10 wt.%, or alternatively
equal to or greater than about 15 wt.%, based on the total weight of the single recovered purge gas stream. The single
recovered purge gas stream can comprise isobutane in an amount of less than about 80 %, alternatively less than about
70 %, or alternatively less than about 60 %, based on the total weight of the single recovered purge gas stream. At least
a portion of the single recovered purge gas stream can be recycled to the INRU compressor 525.
[0153] The PEP process 2000 can generally comprise the step 2950 of introducing the purification unit feed stream
(e.g., PSA unit feed stream) to a PSA unit to produce a second recovered purge gas stream and a tail gas stream.
[0154] As shown in Figure 1B, at least a portion of the PSA unit feed stream 820 can be introduced to the PSA unit
900 to produce the second recovered purge gas stream 910 and the tail gas stream 920. The PSA unit 900 can comprise
any suitable PSA unit that can enable separation of a purge gas (e.g., nitrogen) from hydrocarbons (e.g., isobutane).
Generally, the PSA unit 900 can comprise a PSA adsorber (e.g., hydrocarbon adsorber) that selectively adsorbs hydro-
carbons while allowing smaller nonpolar molecules such as purge gas molecules (e.g., nitrogen molecules) to flow past
the adsorber and be collected. PSA units generally operate at ambient temperature. The PSA unit feed stream 820 can
be introduced to the PSA unit 900 at a first pressure during an adsorption step, wherein the hydrocarbons of the PSA
unit feed stream diffuse into pores of the hydrocarbon adsorber and are adsorbed therein, while the purge gas of the
PSA unit feed stream travels through the PSA unit without being adsorbed by the hydrocarbon adsorber and can be
recovered as the second recovered purge gas stream 910. When the hydrocarbon adsorber becomes saturated with
hydrocarbons, the PSA unit switches from the adsorption step to a regeneration step. During the regeneration step, the
PSA unit 900 is depressurized (e.g., brought to a second pressure, wherein the second pressure is lower than the first
pressure) to promote the desorption of hydrocarbons from the hydrocarbon adsorber. A sweeping gas can be introduced
to the PSA unit 900 to desorb hydrocarbons, remove (e.g., sweep away) the desorbed hydrocarbons, or both, thereby
producing the tail gas stream, wherein the tail gas stream can comprise at least a portion of the sweeping gas and at
least a portion of the desorbed hydrocarbons. The sweeping gas can comprise isobutane, such as for example isobutane
produced by one or more distillation columns, such as the one or more distillation columns in the PEP system 1000, as
previously described herein. A purge step can follow the regeneration step, wherein the PSA unit can be purged and
returned to the first pressure prior to the subsequent adsorption step. Generally, a PSA process is conducted with at
least 2 PSA units running in parallel, wherein one of the PSA units is undergoing the adsorption step, while the other
PSA unit is undergoing the regeneration step. At any given time, there should be a PSA unit either undergoing the
adsorption step or ready to undergo the adsorption step, thereby providing for a continuous process. Nonlimiting examples
of hydrocarbon adsorbers (e.g., hydrocarbon adsorbents) suitable for use in the present disclosure include molecular
sieves, zeolites, silica gel, activated carbon, and the like, or combinations thereof.
[0155] The INRU 500 can comprise from about 2 to about 8 pressure swing adsorption units operated in parallel,
alternatively from about 3 to about 7 pressure swing adsorption units operated in parallel, or alternatively from about 4
to about 6 pressure swing adsorption units operated in parallel. For example, the PSA unit 900 as shown in Figure 1B
comprises at least two PSA units working in parallel.
[0156] The PSA unit 900 can be characterized by a first pressure of from about 1.14 MPa (150 psig) to about 2.17
MPa (300 psig), alternatively from about 1.34 MPa (180 psig) to about 1.96 MPa (270 psig), or alternatively from about
1.55 MPa (210 psig) to about 1.76 MPa (240 psig). The PSA unit 900 can be characterized by a second pressure of
from about 0.115 MPa (2 psig) to about 0.239 MPa (20 psig), alternatively from about 0.122 MPa (3 psig) to about 0.205
MPa (15 psig), or alternatively from about 0.129 MPa (4 psig) to about 0.170 MPa (10 psig). A difference between the
first pressure and the second pressure in the PSA unit 900 can be from about 1.12 MPa (148 psig) to about 2.03 MPa
(280 psig), alternatively from about 1.32 MPa (177 psig) to about 1.86 MPa (255 psig), or alternatively from about 1.52
MPa (206 psig) to about 1.69 MPa (230 psig).
[0157] The PSA unit 900 can be characterized by a cycle time of from about 1 minute to about 60 minutes, alternatively
from about 2 minutes to about 50 minutes, alternatively from about 2.5 minutes to about 40 minutes, or alternatively
from about 5 minutes to about 20 minutes. For purposes of the disclosure herein, the cycle time of the PSA unit can be
defined as the time between the start of two successive adsorption steps, e.g., a time frame necessary to complete an
adsorption step, a desorption step and a purging step that are consecutive.
[0158] The PSA unit 900 can be characterized by a cycle time that is increased by at least about 50%, alternatively
by at least 60%, or alternatively by at least 75%, when compared to a cycle time of a PSA unit in an otherwise similar
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polymer production system that lacks a membrane unit, such as membrane unit 700. The use of the membrane unit 700
in the PEP system 1000 allows for the removal of more hydrocarbons from the PSA unit feed stream, and as such the
PSA unit can run the adsorption step for a longer time period, as there is a smaller amount of hydrocarbons in the PSA
unit feed stream to be adsorbed by the hydrocarbon adsorber.
[0159] The PSA unit feed stream 820 can be reduced by at least about 40%, alternatively by at least 50%, or alternatively
by at least 60%, when compared to a PSA unit feed stream in an otherwise similar polymer production system that lacks
a membrane unit. The use of the membrane unit 700 in the PEP system 1000 allows for the removal of more hydrocarbons
from the PSA unit feed stream, thereby leading to a smaller amount of PSA unit feed stream being introduced to the
PSA unit 900.
[0160] The second recovered purge gas stream (e.g., second nitrogen stream) 910 can comprise nitrogen in an amount
of equal to or greater than about 85 mol%, alternatively equal to or greater than about 90 mol%, or alternatively equal
to or greater than about 95 mol%, based on the total number of moles of the second recovered purge gas stream. A
molar concentration of purge gas in the second recovered purge gas stream 910 can be greater than a molar concentration
of purge gas in the first recovered purge gas stream 720. Generally, PSA separation processes can produce more pure
products than membrane separation processes.
[0161] The second recovered purge gas stream 910 can comprise isobutane in an amount of less than about 0.1%,
alternatively less than about 0.08%, or alternatively less than about 0.05%, based on the total weight of the second
recovered purge gas stream.
[0162] At least a portion of the second recovered purge gas stream 910 comprising nitrogen 915 can be recycled to
a purge vessel, such as the purge vessel 400, e.g., via stream 509 and the purge gas stream 410 as shown in Figure 1A.
[0163] The tail gas stream 920 can comprise isobutane in an amount of equal to or greater than about 25%, alternatively
equal to or greater than about 30%, or alternatively equal to or greater than about 35%, based on the total weight of the
tail gas stream. An amount of isobutane in the tail gas stream 920 is greater than an amount of isobutane in the PSA
unit feed stream 820. PSA produces high purity nitrogen (e.g., stream 910) by removing the nitrogen from the PSA unit
feed stream 820, and as such the tail gas stream will have less nitrogen and more other components, such as hydro-
carbons. Further, when the sweeping gas comprises isobutane, the isobutane content of the tail gas will be relatively
high. At least a portion of the tail gas stream 920 can be recycled to the INRU compressor 525.
[0164] The PEP process 2000 can generally comprise the step 2975 of introducing the purification unit feed stream
(e.g., HC membrane unit feed stream) to a HC membrane unit to produce a third HC stream and a fifth recovered purge
gas stream.
[0165] In an alternative aspect as shown in INRU 501 of Figure 1C, the PEP process 2000 can generally comprise a
step of introducing a hydrocarbon membrane unit feed stream to a hydrocarbon membrane unit to produce a third
hydrocarbon stream and a fifth recovered purge gas stream. In such aspect, the hydrocarbon membrane unit can replace
the PSA unit 900 in the INRU 500. Optionally, at least a portion of the hydrocarbon membrane unit feed stream can be
heated prior to the step of introducing at least a portion of the hydrocarbon membrane unit feed stream to the hydrocarbon
membrane unit. For purposes of the disclosure herein, the "PSA unit feed stream" 820 and the "HC membrane unit feed
stream" 821 are the same stream (e.g., with the same composition) emitted from the second separation unit 800, wherein
the stream is designated with a different name and stream number based on the intended destination of the stream: if
the stream is communicated to the PSA unit 900, then the stream is designated "PSA unit feed stream" 820; and if the
stream is communicated to the HC membrane unit 950, then the stream is designated "HC membrane unit feed stream"
821.
[0166] Referring to Figure 1C, in some configurations of the INRU 501, at least a portion of the hydrocarbon membrane
unit feed stream 821 can be optionally introduced to the second membrane unit feed heater 825 to produce a heated
hydrocarbon membrane unit feed stream 822. The hydrocarbon membrane unit feed stream 821 can be characterized
by a temperature of from about -28.9 °C (-20 °F) to about 43.3 °C (110 °F), alternatively from about 0 °C (32 °F) to about
37.8 °C (100 °F), or alternatively from about 4.44 °C (40 °F) to about 32.2 °C (90 °F). The heated hydrocarbon membrane
unit feed stream 822 can be characterized by a temperature of from about 21.1 °C (70 °F) to about 43.3 °C (110 °F),
alternatively from about 26.7 °C (80 °F) to about 40.6 °C (105 °F), or alternatively from about 32.2 °C (90 °F) to about
37.8 °C (100 °F). Without wishing to be limited by theory, for configurations where the hydrocarbon membrane unit feed
stream is heated, heating the hydrocarbon membrane unit feed stream can enhance differences in permeability (e.g.,
permeability with respect to a polymeric selective membrane, such as a hydrocarbon membrane) between the compo-
nents of the membrane unit feed stream, e.g., nitrogen and hydrocarbons, such as isobutane. As will be appreciated by
one of skill in the art, and with the help of this disclosure, the composition of the hydrocarbon membrane unit feed stream
is not affected by heating it, and as such the composition of the heated hydrocarbon membrane unit feed stream is the
same as the composition of the hydrocarbon membrane unit feed stream.
[0167] In other configurations of the INRU 501, at least a portion of the hydrocarbon membrane unit feed stream 821
can be introduced to the hydrocarbon membrane unit 950 without heating the hydrocarbon membrane unit feed stream
821. In such configurations, and without wishing to be limited by theory, heavier hydrocarbons can permeate through
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the hydrocarbon membrane, leaving the retentate stream lighter, which can in turn decrease a dew point of the retentate
stream. Further, without wishing to be limited by theory, since colder temperatures can suppress light gas (such as N2,
H2, etc.) diffusivity, and thus permeability through the membrane, leaving the hydrocarbon membrane unit feed stream
821 un-heated may enhance the selectivity between hydrocarbons and light gas streams.
[0168] The second membrane unit feed heater 825 can comprise any suitable heat exchange unit that can increase
the temperature of the hydrocarbon membrane unit feed stream as necessary to enhance the separation of the purge
gas (e.g., nitrogen) and hydrocarbons (e.g., isobutane) in the hydrocarbon membrane unit 950. The second membrane
unit feed heater 825 can comprise a heat exchanger wherein the hydrocarbon membrane unit feed stream 821 can
exchange heat with a heating fluid, wherein the temperature of the hydrocarbon membrane unit feed stream 821 is
increased to produce the heated hydrocarbon membrane unit feed stream 822, and wherein a temperature of the heating
fluid is decreased. Nonlimiting examples of heating fluids suitable for use in the present disclosure include hot water,
steam, a hot process fluid stream, and the like, or combinations thereof.
[0169] At least a portion of the heated hydrocarbon membrane unit feed stream 822 and/or the hydrocarbon membrane
unit feed stream 821 can be introduced to the hydrocarbon membrane unit 950 to produce a fifth recovered purge gas
stream (e.g., fifth nitrogen stream) 960 (e.g., a high purity nitrogen stream) and a third hydrocarbon stream 970. The
hydrocarbon membrane unit 950 can comprise any suitable membrane unit that can separate hydrocarbons from the
rest of the components (e.g., purge gas, nitrogen) of the heated hydrocarbon membrane unit feed stream 822 and/or
the hydrocarbon membrane unit feed stream 821.
[0170] The hydrocarbon membrane unit 950 can comprise a hydrocarbon selective membrane. A nonlimiting example
of a hydrocarbon selective membrane includes VAPORSEP membranes, which are commercially available from Mem-
brane Technology & Research. Where the membrane unit (e.g., hydrocarbon membrane unit 950) comprises a hydro-
carbon selective membrane that separates components based on solubility, the hydrocarbons can selectively permeate
through the membrane and can be collected as the permeate stream (e.g., third hydrocarbon stream 970); while com-
ponents that are less soluble in the hydrocarbon selective membrane cannot cross through the membrane and can be
collected as the retentate stream (e.g., fifth recovered purge gas stream, fifth nitrogen stream 960).
[0171] In some configurations of the INRU 501, the hydrocarbon membrane unit 950 is not heated.
[0172] In other configurations of the INRU 501, the hydrocarbon membrane unit 950 can be heated. In such configu-
rations, heating the hydrocarbon membrane unit 950 can enhance permeability differences between components of a
feed stream (e.g., hydrocarbon membrane unit feed stream 821, heated hydrocarbon membrane unit feed stream 822),
allowing for a better component separation. Heating the hydrocarbon membrane unit 950 can further prevent hydrocarbon
(e.g., isobutane) condensation within the membrane unit. The hydrocarbon membrane unit 950 can be heated at a
temperature of from about 21.1 °C (70 °F) to about 43.3 °C (110 °F), alternatively from about 26.7 °C (80 °F) to about
40.6 °C (105 °F), or alternatively from about 32.2 °C (90 °F) to about 37.8 °C (100 °F).
[0173] The fifth recovered purge gas stream (e.g., fifth nitrogen stream) 960 can comprise nitrogen in an amount of
equal to or greater than about 85 mol%, alternatively equal to or greater than about 90 mol%, or alternatively equal to
or greater than about 95 mol%, based on the total number of moles of the fifth recovered purge gas stream.
[0174] The fifth recovered purge gas stream 960 can comprise hydrocarbons in an amount of less than about 5%,
alternatively less than about 3%, or alternatively less than about 2%, based on the total weight of the fifth recovered
purge gas stream. The fifth recovered purge gas stream 960 can comprise less than about 15%, alternatively less than
about 12%, or alternatively less than about 10% of the hydrocarbons (e.g., isobutane) of the hydrocarbon membrane
unit feed stream 821.
[0175] At least a portion of the fifth recovered purge gas stream (e.g., fifth nitrogen stream) 960 comprising nitrogen
965 can be recycled to a purge vessel, such as the purge vessel 400, e.g., via stream 509 and the purge gas stream
410 as shown in Figure 1A. In some configurations, at least a portion of the fifth recovered purge gas stream 960 can
be introduced to the middle of the purge vessel 400 (e.g., about mid-way through the height of the purge vessel).
[0176] The third hydrocarbon stream 970 can comprise hydrocarbons (e.g., isobutane) in an amount of equal to or
greater than about 40 wt.%, alternatively equal to or greater than about 50 wt.%, or alternatively equal to or greater than
about 55 wt.%, based on the total weight of the third hydrocarbon stream. The third hydrocarbon stream 970 can comprise
nitrogen in an amount of less than about 45%, alternatively less than about 50%, or alternatively less than about 60%,
based on the total weight of the third hydrocarbon stream.
[0177] In some configurations, at least a portion of the third hydrocarbon stream 970 can be recycled to the INRU
compressor 525.
[0178] The various embodiments shown in the Figures can be simplified and may not illustrate common equipment
such as heat exchangers, pumps, and compressors; however, a skilled artisan would recognize the disclosed processes
and systems may include such equipment commonly used throughout polymer manufacturing.
[0179] A skilled artisan will recognize that industrial and commercial polyethylene manufacturing processes can ne-
cessitate one or more, often several, compressors or similar apparatuses. Such compressors are used throughout
polyethylene manufacturing, for example to pressurize reactors 104, 106 during polymerization. Further, a skilled artisan
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will recognize that a polyethylene manufacturing process includes one or more deoxygenators, similar de-oxidizing
apparatuses, or both, for instance for purifying solvents or reactants, for purging reactors of oxygen, or both. Because
the infrastructure and the support therefore, for example to provide power and maintain the compressors, deoxygenators,
or both already exists within a commercial polyethylene manufacturing plant, reallocating a portion of these available
resources for use in the disclosed systems can necessitate little, if any, additional capital expenditure in order to incor-
porate the disclosed systems and or processes.
[0180] Further, because compressors, deoxygenators, and various other components are already employed in various
polyethylene processes and systems, the opportunity for increased operation of such apparatuses can improve the
overall efficiency of polyethylene production systems and processes. For example, when a portion of a PEP process or
system is taken off-line for maintenance, repair, or both other portions of the system (e.g., a compressor, a deoxygenator,
a reactor, etc.) can continue to provide service according to the current processes. Operating, reallocating resources,
or both for operation of the disclosed PEP systems, PEP processes, or both can thereby increase the efficiency with
which conventional systems are used.
[0181] A process for ethylene polymerization can generally comprise the steps of (a) polymerizing ethylene in a loop
slurry reactor system to obtain a polymerization product stream; (b) separating at least a portion of the polymerization
product stream in a flash chamber into a gas stream and a polymer stream comprising polyethylene, isobutane, ethylene
and ethane; (c) introducing at least a portion of the gas stream to one or more distillation columns to produce isobutane;
(d) contacting at least a portion of the polymer stream with nitrogen in a purge vessel to yield a purged polymer stream
and a spent nitrogen stream, wherein the purged polymer stream comprises polyethylene, and wherein the spent nitrogen
comprises nitrogen, isobutane, ethylene, and ethane; (e) introducing at least a portion of the spent nitrogen stream to
a compressor to produce a compressed gas stream, wherein the compressed gas stream has a pressure of from about
1.48 MPa (200 psig) to about 2.86 MPa (400 psig); (f) introducing at least a portion of the compressed gas stream to a
first separation unit comprising a vapor-liquid separator to produce a first hydrocarbon stream and a nitrogen membrane
unit feed stream, wherein the first hydrocarbon stream comprises equal to or greater than about 50% of the isobutane
of the compressed gas stream, and wherein the nitrogen membrane unit feed stream comprises equal to or greater than
about 95% of the nitrogen of the compressed gas stream; (g) introducing at least a portion of the nitrogen membrane
unit feed stream to a nitrogen membrane unit comprising a nitrogen selective membrane to produce a first recovered
nitrogen stream and a retentate stream, wherein the retentate stream comprises less than about 30% of the nitrogen of
the nitrogen membrane unit feed stream, and wherein the retentate stream comprises equal to or greater than about
90% of the isobutane of the nitrogen membrane unit feed stream; (h) recycling a first portion of the first recovered nitrogen
stream to the compressor; (i) recycling a second portion of the first recovered nitrogen stream to the purge vessel; (j)
introducing at least a portion of the retentate stream to a second separation unit comprising a vapor-liquid separator to
produce a second hydrocarbon stream and a pressure swing adsorption (PSA) unit feed stream, wherein the PSA unit
feed stream comprises equal to or greater than about 97% of the nitrogen of the retentate stream; (k) introducing at
least a portion of the first hydrocarbon stream, at least a portion of the second hydrocarbon stream, or both to a nitrogen
stripping unit to produce a purified hydrocarbon stream and a third recovered nitrogen stream; (l) recycling at least a
portion of the purified hydrocarbon stream to the one or more distillation columns; (m) recycling at least a portion of the
third recovered nitrogen stream to the compressor; (n) introducing at least a portion of the PSA unit feed stream to a
PSA unit to produce a second recovered nitrogen stream and a tail gas stream, wherein a molar concentration of nitrogen
in the second recovered nitrogen stream is greater than a molar concentration of nitrogen in the first recovered nitrogen
stream; (o) recycling at least a portion of the second recovered nitrogen stream to the purge vessel; and (p) recycling
at least a portion of the tail gas stream to the compressor. The compressor can have a volumetric flow that is reduced
by at least about 20% when compared to a volumetric flow to a compressor in an otherwise similar polymer production
system that has either a nitrogen selective membrane unit or a PSA unit but not both.
[0182] A process for ethylene polymerization can generally comprise the steps of (a) polymerizing ethylene in a loop
slurry reactor system to obtain a polymerization product stream; (b) separating at least a portion of the polymerization
product stream in a flash chamber into a gas stream and a polymer stream comprising polyethylene, isobutane, ethylene
and ethane; (c) introducing at least a portion of the gas stream to one or more distillation columns to produce isobutane;
(d) contacting at least a portion of the polymer stream with nitrogen in a purge vessel to yield a purged polymer stream
and a spent nitrogen stream, wherein the purged polymer stream comprises polyethylene, and wherein the spent nitrogen
comprises nitrogen, isobutane, ethylene, and ethane; (e) introducing at least a portion of the spent nitrogen stream to
a compressor to produce a compressed gas stream, wherein the compressed gas stream has a pressure of from about
1.48 MPa (200 psig) to about 2.86 MPa (400 psig); (f) introducing at least a portion of the compressed gas stream to a
first separation unit comprising a vapor-liquid separator to produce a first hydrocarbon stream and a nitrogen membrane
unit feed stream, wherein the first hydrocarbon stream comprises equal to or greater than about 50% of the isobutane
of the compressed gas stream, and wherein the nitrogen membrane unit feed stream comprises equal to or greater than
about 95% of the nitrogen of the compressed gas stream; (g) introducing at least a portion of the nitrogen membrane
unit feed stream to a nitrogen membrane unit comprising a nitrogen selective membrane to produce a first recovered
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nitrogen stream and a retentate stream, wherein the retentate stream comprises less than about 30% of the nitrogen of
the nitrogen membrane unit feed stream, and wherein the retentate stream comprises equal to or greater than about
90% of the isobutane of the nitrogen membrane unit feed stream; (h) recycling a first portion of the first recovered nitrogen
stream to the compressor; (i) recycling a second portion of the first recovered nitrogen stream to the purge vessel; (j)
introducing at least a portion of the retentate stream to a second separation unit comprising a vapor-liquid separator to
produce a second hydrocarbon stream and a hydrocarbon membrane unit feed stream, wherein the hydrocarbon mem-
brane unit feed stream comprises equal to or greater than about 97% of the nitrogen of the retentate stream; (k) introducing
at least a portion of the first hydrocarbon stream, at least a portion of the second hydrocarbon stream, or both to a
nitrogen stripping unit to produce a purified hydrocarbon stream and a third recovered nitrogen stream; (l) recycling at
least a portion of the purified hydrocarbon stream to the one or more distillation columns; (m) recycling at least a portion
of the third recovered nitrogen stream to the compressor; (n) introducing at least a portion of the hydrocarbon membrane
unit feed stream to a hydrocarbon membrane unit comprising a hydrocarbon selective membrane to produce a fifth
recovered nitrogen stream and a third hydrocarbon stream; (o) recycling at least a portion of the fifth recovered nitrogen
stream to the compressor; and (p) recycling at least a portion of the third hydrocarbon stream to the one or more distillation
columns. The compressor can have a volumetric flow that is reduced by at least about 5%, alternatively by at least about
7.5%, or alternatively by at least about 10% when compared to a volumetric flow to a compressor in an otherwise similar
polymer production system that has either a nitrogen selective membrane unit or a hydrocarbon selective membrane
unit but not both.
[0183] Disclosed herein, not according to the claimed invention, is an isobutane and nitrogen recovery unit (INRU)
system comprising a compressor, a first cooling unit, a first separation unit, first stripping unit, a nitrogen membrane
unit, a second cooling unit, a second separation unit, second stripping unit, and a pressure swing adsorption (PSA) unit;
wherein the compressor is configured to receive a spent purge gas stream, a nitrogen recycle stream, and a tail gas
stream, and to produce a compressed gas stream; wherein the compressor has a volumetric flow that is reduced by at
least about 20% when compared to a volumetric flow to a compressor in an otherwise similar INRU system that has
either a hydrocarbon membrane unit or a PSA unit but not both; wherein the first cooling unit is configured to receive at
least a portion of the compressed gas stream prior to introducing at least a portion of the compressed gas stream to the
first separation unit; wherein the first separation unit is a vapor-liquid separator configured to receive at least a portion
of the compressed gas stream, and to produce a first hydrocarbon stream and a nitrogen membrane unit feed stream,
wherein the first hydrocarbon stream is a liquid stream, and wherein the nitrogen membrane unit feed stream is a gaseous
stream; wherein the first stripping unit is configured to receive at least a portion of the first hydrocarbon stream, and to
produce a purified first hydrocarbon stream and a third nitrogen stream; wherein the nitrogen membrane unit is configured
to receive at least a portion of the nitrogen membrane unit feed stream, and to produce a first nitrogen stream and a
retentate stream, wherein the nitrogen membrane unit has a nitrogen selective membrane disposed therein, wherein
the nitrogen selective membrane allows nitrogen to pass through and be collected as a permeate stream (e.g., first
nitrogen stream), wherein the nitrogen selective membrane does not allow hydrocarbons to pass through (although
some lighter hydrocarbons could permeate through the nitrogen selective membrane, and as such at least a portion of
the first nitrogen stream can be recycled back to the INRU compressor to recover such lighter hydrocarbons that could
permeate through the nitrogen selective membrane), wherein hydrocarbons can be collected as the retentate stream,
wherein the first nitrogen stream has a pressure of from about 0.108 MPa (1 psig) to about 0.446 MPa (50 psig), wherein
the nitrogen recycle stream comprises at least a portion of the first nitrogen stream, and wherein the retentate stream
has a hydrocarbon dew point that is greater than a hydrocarbon dew point of the membrane unit feed stream; wherein
the second cooling unit is configured to receive at least a portion of the retentate stream prior to introducing at least a
portion of the retentate stream to the second separation unit; wherein the second separation unit is a vapor-liquid
separator configured to receive at least a portion of the retentate stream, and to produce a second hydrocarbon stream
and a PSA unit feed stream, wherein the second hydrocarbon stream is a liquid stream, wherein the PSA unit feed
stream is a gaseous stream, and wherein the PSA unit feed stream comprises hydrocarbons and nitrogen; wherein the
second stripping unit is configured to receive at least a portion of the second hydrocarbon stream, and to produce a
purified second hydrocarbon stream and a fourth nitrogen stream; and wherein the PSA unit is configured to receive at
least a portion of the PSA unit feed stream, and to produce a second nitrogen stream and the tail gas stream, wherein
the PSA unit has a PSA adsorber disposed therein, wherein the PSA adsorber allows the nitrogen to pass through the
PSA unit and be collected as the second nitrogen stream, wherein the PSA adsorber adsorbs the hydrocarbons, and
wherein a sweeping gas stream comprising nitrogen desorbs the hydrocarbons from the PSA adsorber to produce the
tail gas stream. In some configurations of the INRU system disclosed herein, the first nitrogen stream can be combined
with the second nitrogen stream (e.g., high purity nitrogen) from the PSA unit to form a medium purity nitrogen purge
gas stream. The medium purity nitrogen purge gas stream could be further recycled to a purge vessel, such as the purge
vessel 400, for example via the purge gas stream 410 (e.g., via the recycle stream 509 as shown in Figure 1A).
[0184] Disclosed herein, not according to the claimed invention,, is an isobutane and nitrogen recovery unit (INRU)
system comprising a compressor, a first cooling unit, a first separation unit, first stripping unit, a nitrogen membrane
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unit, a second cooling unit, a second separation unit, second stripping unit, and a hydrocarbon membrane unit; wherein
the compressor is configured to receive a spent purge gas stream, a nitrogen recycle stream, and a tail gas stream, and
to produce a compressed gas stream; wherein the compressor has a volumetric flow that is reduced by at least about
5%, alternatively by at least about 7.5%, or alternatively by at least about 10% when compared to a volumetric flow to
a compressor in an otherwise similar INRU system that has only a hydrocarbon membrane unit; wherein the first cooling
unit is configured to receive at least a portion of the compressed gas stream prior to introducing at least a portion of the
compressed gas stream to the first separation unit; wherein the first separation unit is a vapor-liquid separator configured
to receive at least a portion of the compressed gas stream, and to produce a first hydrocarbon stream and a nitrogen
membrane unit feed stream, wherein the first hydrocarbon stream is a liquid stream, and wherein the nitrogen membrane
unit feed stream is a gaseous stream; wherein the first stripping unit is configured to receive at least a portion of the first
hydrocarbon stream, and to produce a purified first hydrocarbon stream and a third nitrogen stream; wherein the nitrogen
membrane unit is configured to receive at least a portion of the nitrogen membrane unit feed stream, and to produce a
first nitrogen stream and a retentate stream, wherein the nitrogen membrane unit has a nitrogen selective membrane
disposed therein, wherein the nitrogen selective membrane allows nitrogen to pass through and be collected as a
permeate stream (e.g., first nitrogen stream), wherein the nitrogen selective membrane does not allow hydrocarbons to
pass through (although some lighter hydrocarbons could permeate through the nitrogen selective membrane, and as
such at least a portion of the first nitrogen stream can be recycled back to the INRU compressor to recover such lighter
hydrocarbons that could permeate through the nitrogen selective membrane), wherein hydrocarbons can be collected
as the retentate stream, wherein the first nitrogen stream has a pressure of from about 0.108 MPa (1 psig) to about
0.446 MPa (50 psig), wherein the nitrogen recycle stream comprises at least a portion of the first nitrogen stream, and
wherein the retentate stream has a hydrocarbon dew point that is greater than a hydrocarbon dew point of the membrane
unit feed stream; wherein the second cooling unit is configured to receive at least a portion of the retentate stream prior
to introducing at least a portion of the retentate stream to the second separation unit; wherein the second separation
unit is a vapor-liquid separator configured to receive at least a portion of the retentate stream, and to produce a second
hydrocarbon stream and a hydrocarbon membrane unit feed stream, wherein the second hydrocarbon stream is a liquid
stream, wherein the hydrocarbon membrane unit feed stream is a gaseous stream, and wherein the hydrocarbon mem-
brane unit feed stream comprises hydrocarbons and nitrogen; wherein the second stripping unit is configured to receive
at least a portion of the second hydrocarbon stream, and to produce a purified second hydrocarbon stream and a fourth
nitrogen stream; and wherein the hydrocarbon membrane unit is configured to receive at least a portion of the hydrocarbon
membrane unit feed stream, and to produce a fifth nitrogen stream (e.g., purified nitrogen stream) and a third hydrocarbon
stream, wherein the hydrocarbon membrane unit has a hydrocarbon selective membrane disposed therein, wherein the
hydrocarbon selective membrane allows hydrocarbons to pass through and be collected as a permeate stream (e.g.,
third hydrocarbon stream, which can be recycled back to the INRU compressor), wherein the hydrocarbon selective
membrane does not allow nitrogen to pass through (although nitrogen could permeate through the hydrocarbon selective
membrane, and as such at least a portion of the third hydrocarbon stream can be recycled back to the INRU compressor
to recover such nitrogen that could permeate through the hydrocarbon selective membrane), and wherein nitrogen can
be collected as a retentate stream (e.g., purified nitrogen stream, purified nitrogen stream). As will be appreciated by
one of skill in the art, and with the help of this disclosure, some nitrogen and light gas can permeate through the
hydrocarbon selective membrane. In some configurations of the INRU system disclosed herein, the first nitrogen stream
can be combined with the fifth nitrogen stream (e.g., high purity nitrogen) from the hydrocarbon membrane unit to form
a medium purity nitrogen purge gas stream. The medium purity nitrogen purge gas stream could be further recycled to
a purge vessel, such as the purge vessel 400, for example via the purge gas stream 410 (e.g., via the recycle stream
509 as shown in Figure 1A).
[0185] One or more of the disclosed systems (e.g., PEP system 1000), processes (e.g., PEP process 2000), or both
can advantageously display improvements in one or more system characteristics, process characteristics, or both when
compared to otherwise similar systems, processes, or both lacking an INRU comprising both a membrane unit and a
PSA unit. In an aspect, the INRU as disclosed herein, not according to the claimed invention, can advantageously allow
for the use of a smaller PSA unit, when compared to an otherwise similar INRU that has either a membrane unit or a
PSA unit but not both.
[0186] The INRU (e.g., INRU 500 or 501) as disclosed herein, not according to the claimed invention, can advanta-
geously allow for a decreased volumetric flow to the INRU compressor, when compared to an otherwise similar INRU
that has either a membrane unit or a PSA unit but not both. The main cost driver (e.g., INRU compressor size and
throughput) for the INRU system can be reduced. The PSA unit size can be reduced due to the reduced PSA feed
stream. Capital cost associated with the PSA unit can therefore be reduced. Additional advantages of the systems,
processes, or both for the production of a polyethylene polymer as disclosed herein can be apparent to one of skill in
the art viewing this disclosure.
[0187] The present disclosure is further illustrated by the following examples, which are not to be construed in any
way as imposing limitations upon the scope thereof.
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EXAMPLES

[0188] The disclosure having been generally described, the following examples are given as particular embodiments
of the disclosure and to demonstrate the practice and advantages thereof. It is understood that the examples are given
by way of illustration and are not intended to limit the specification of the claims to follow in any manner.

EXAMPLE 1

[0189] The performance of various INRU systems was studied as follows. Case #1 was studied for an INRU comprising
a PSA unit only, without a nitrogen membrane unit. Cases #2, #3, and #4 were studied for an INRU comprising both a
PSA unit and a nitrogen membrane unit, such as the INRU of Figure 1B. For case #2, 30% of nitrogen of the stream fed
to the nitrogen membrane unit was recovered in the retentate stream (e.g., comprising hydrocarbons), and 65% of the
nitrogen recovered from the nitrogen membrane unit was recycled back to the INRU compressor. For case #3, 10% of
nitrogen of the stream fed to the nitrogen membrane unit was recovered in the retentate stream (e.g., comprising
hydrocarbons), and 65% of the nitrogen recovered from the nitrogen membrane unit was recycled back to the INRU
compressor. For case #4, 30% of nitrogen of the stream fed to the nitrogen membrane unit was recovered in the retentate
stream (e.g., comprising hydrocarbons), and 100% of the nitrogen recovered from the nitrogen membrane unit was
recycled back to the INRU compressor. The data for cases #1, #2, #3, and #4 are displayed in Table 1. The INRU
compressor used for these experiments was a two-stage screw compressor, manufactured by Mycom (model# 3225
LSC). The INRU compressor was rated for the suction flow of 5690 m3/hr (200,940 ft3/hr), at a temperature of about
34.4 °C (94 °F) and at a pressure of about 0.124 MPa (18 psia). Compressor discharge pressure was rated for 1.71
MPa (248 psia). PSA feed stream temperature was 10 °C (50 °F). Adsorption step pressure was 1.62 MPa (235 psia)
and purge step pressure was 0.138 MPa (20 psia). The recovered nitrogen was the nitrogen stream recovered from the
PSA unit.

Table 1

Flow Rate (kg/hr)

Case #1 Case #2 Case #3 Case #4

Base 
Case: 
PSA 
Only

PSA with N2 Mem (30% 
N2 Permeation)

PSA with N2 Mem (10% 
N2 Permeation)

PSA with N2 Mem (30% 
N2 Permeation)

65% N2 recycle 65% N2 recycle 100% N2 recycle

C2= + C2 1043 
(2299 
lbs/hr)

412 (908 lbs/hr) 441 (972 lbs/hr) 536 (1182 lbs/hr)

IC4 760 
(1675 
lbs/hr)

438 (965 lbs/hr) 503 (1109 lbs/hr) 574 (1266 lbs/hr)

N2 1070 
(2359 
lbs/hr)

779 (1717 lbs/hr) 922 (2032 lbs/hr) 988 (2179 lbs/hr)

Total PSA Feed 2903 
(6400 
lbs/hr)

1642 (3620 lbs/hr) 1881 (4147 lbs/hr) 2121 (4676 lbs/hr)

Tail Gas Flow 2266 
(4995 
lbs/hr)

1181 (2604 lbs/hr) 1336 (2945 lbs/hr) 1534 (3381 lbs/hr)

N2 Recycle from 
Membrane Unit to 

Compressor

N/A 269 (594 Ibs/hr) 115 (254 lbs/hr) 562 (1239 lbs/hr)

Other Recycles to 
Compressor

2645 
(5831 
lbs/hr)

N/A N/A N/A
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[0190] It can be seen from Table 1 that all three new INRU processes (e.g., cases #2, #3, and #4) show reduced PSA
feed and INRU compressor flow. This can translate to a potentially increased INRU feed and an extended PSA operation
cycle time. As will be appreciated by one of skill in the art, and with the help of this disclosure, membrane performance
is dependent upon the operation conditions, such as transmembrane pressure difference, temperature, and feed com-
positions. The cases displayed in Table 1 were not necessarily run with optimal parameters for an INRU comprising
both a PSA unit and a membrane unit, the experiments were run as a proof of concept. The low pressure nitrogen rich
stream (0.136 MPa (5 psig) in these cases) that is not recycled back to the INRU compressor can be used as a medium
purity nitrogen purge in a purge vessel upstream of the INRU in a PEP process. Depending on the extent of nitrogen
permeation through the nitrogen selective membrane, there might be a need for a process heater to heat the membrane
feed, or alternatively to heat the retentate stream within the membrane. Such heating can be employed to ensure that
hydrocarbon condensation within the membrane unit can be prevented. In addition, pending upon the existing capacities
of a purification section downstream of the INRU, there may be a need for a nitrogen stripper to control the nitrogen
content in the recovered hydrocarbon stream (e.g., first HC stream and second HC stream in Figure 1B), as such nitrogen
content is slightly higher than that in the base case. Hydrocarbon recovery rate is almost identical between the base
case wherein the INRU comprises a PSA unit only; and an INRU comprising both a PSA unit and a membrane unit. In
all PSA cases, 41% nitrogen in the PSA feed was used as the purge gas stream for the simplicity of analysis. The tail
gas stream from the PSA unit contained recovered hydrocarbons and nitrogen purge gas. In the base case (case #1),
41% of the PSA nitrogen product was used to purge desorbed hydrocarbons during the purge step. It is expected less
nitrogen will be used for purging for PSA cases, due to the reduced hydrocarbon feed. In the hybrid cases (cases #2,
#3, and #4), since hydrocarbons and nitrogen in the PSA feed were much reduced, the tail gas stream flow was significantly
reduced.

EXAMPLE 2

[0191] The performance of various INRU systems was studied as follows. Case #5 was studied for an INRU comprising
a nitrogen membrane unit only, without a PSA unit. Case #6 was studied for an INRU comprising a PSA unit only, without
a nitrogen membrane unit. Case #7 was studied for an INRU comprising both a PSA unit and a nitrogen membrane unit,
such as the INRU of Figure 1B. For case #7, 30% of nitrogen of the stream fed to the nitrogen membrane unit was
recovered in the retentate stream (e.g., comprising hydrocarbons), and 65% of the nitrogen recovered from the nitrogen
membrane unit was recycled back to the INRU compressor. The data for cases #5, #6, and #7 are displayed in Table
1. The INRU compressor used for these experiments was a two-stage screw compressor, manufactured by Mycom

(continued)

Flow Rate (kg/hr)

Case #1 Case #2 Case #3 Case #4

Base 
Case: 
PSA 
Only

PSA with N2 Mem (30% 
N2 Permeation)

PSA with N2 Mem (10% 
N2 Permeation)

PSA with N2 Mem (30% 
N2 Permeation)

65% N2 recycle 65% N2 recycle 100% N2 recycle

INRU Feed 7656 
(16878 
lbs/hr)

7656 (16878 lbs/hr) 7656 (16878 lbs/hr) 7656 (16878 lbs/hr)

Compressor Suction 
Flow

12566 
(27704 
lbs/hr)

9106 (20076 lbs/hr) 9107 (20077 lbs/hr) 9751 (21498 lbs/hr)

Compressor Suction 
Flow (m3/hr)

5192 
(183354 

ft3/hr)

3910 (138067 ft3/hr) 3877 (136928 ft3/hr) 4517 (159509 ft3/hr)

Overall HC Recovery 99.9% 99.7% 99.6% 99.9%

N2 Recovery 1392 
(59%)

1013 (59%) 1199 (59%) 1286 (59%)

N2 Purity (wt.%) 99.1% 99.7% 99.7% 99.2%

IC4 = isobutane.
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(model# 4032 LM). The INRU compressor was rated for the suction flow of 8410 m3/hr (297,000 ft3/hr), at a temperature
of about 37.8 °C (100 °F) and at a pressure of about 0.110 MPa (16 psia). Compressor discharge pressure was rated
for 2.38 MPa (345 psia). PSA feed stream temperature was 10 °C (50 °F). Adsorption step pressure was 1.62 MPa (235
psia) and purge step pressure was 0.138 (20 psia). The recovered nitrogen was the nitrogen stream recovered from the
PSA unit.

[0192] The data in Table 2 indicates that for the INRU comprising both a PSA unit and a membrane unit, over a 20%
reduction of compressor flow as well as reduced outlet pressure was observed. Such compressor flow reduction could
have significant capital savings. The hydrocarbon and nitrogen recovery are similar for case #7 (INRU comprising both
a PSA unit and a membrane unit), when compared with cases #5 and #6.

Claims

1. A process for component separation in a polymer production system, comprising:

(a) separating a polymerization product stream 120 into a gas stream 210 and a polymer stream 220, wherein
the polymer stream comprises polyethylene, isobutane, ethylene and ethane, and wherein the gas stream
comprises ethylene, ethane, and isobutane;
(b) contacting at least a portion of the polymer stream with a nitrogen stream 410 in a purge vessel 400 to yield
a purged polymer stream 420 and a spent nitrogen stream 430, wherein the purged polymer stream comprises
polyethylene, and wherein the spent nitrogen comprises nitrogen, isobutane, ethylene, and ethane;

Table 2

Flow Rate (kg/hr)

Case #5 Case #6 Case #7

Membrane Only 
Process

PSA Only 
Process

PSA with N2 Mem (30% N2 
Permeation)

65% N2 recycle

C2= + C2 N/A 1845 (4068 lbs/hr) 693 (1528 lbs/hr)

IC4 1444 (3183 lbs/hr) 875 (1928 lbs/hr)

N2 2116 (4665 lbs/hr) 1592 (3509 lbs/hr)

Total PSA Feed 5447 (12009 
lbs/hr))

3191 (7036 lbs/hr)

Tail/Permeate Gas Flow 21980 4188 (9233 lbs/hr) 2244 (4947 lbs/hr)

N2 Recycle from Membrane Unit to 
Compressor

N/A N/A 1198

Other Recycles to Compressor 2712 (5980 lbs/hr) N/A

INRU Feed 20213 9168 (20213 
lbs/hr)

9168 (20213 lbs/hr)

Compressor Suction Flow 42193 16069 (35426 
lbs/hr)

11956 (26358 lbs/hr)

Compressor Suction Flow (m3/hr) 255904 7603 (268500 
ft3/hr)

5719 (201972 ft3/hr)

Compressor Outlet pressure (Mpa) 2.34 (340 psia) 1.62 (235 psia) 1.62 (235 psia)

HC Recovery 99.8% 99.9% 99.3%

N2 Recovery 2442 (28%) 2752 (59%) 2070 (59%)

N2 Purity (wt%) 98.3% 99.1% 99.1%

IC4 = isobutane.
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(c) introducing at least a portion of the spent nitrogen stream 430 to a compressor 525 to produce a compressed
gas stream 526;
(d) introducing at least a portion of the compressed gas stream to a first separation unit 600 to produce a first
hydrocarbon stream 610 and a membrane unit feed stream 620, wherein the first hydrocarbon stream comprises
equal to or greater than 50% by total weight of the first hydrocarbon stream of the isobutane of the compressed
gas stream, and wherein the membrane unit feed stream comprises equal to or greater than 95% by total weight
of the membrane unit stream of the nitrogen of the compressed gas stream;
(e) introducing at least a portion of the membrane unit feed stream to a nitrogen membrane unit 700 to produce
a first recovered nitrogen stream 720 and a retentate stream 710, wherein the retentate stream comprises less
than 30% by total weight of the retentate stream of the nitrogen of the membrane unit feed stream;
(f) recycling a first portion of the first recovered nitrogen stream to the compressor via a first recycle stream 508
and recycling a second portion of the first recovered nitrogen stream to the purge vessel 509;
(g) introducing at least a portion of the retentate stream to a second separation unit 800 to produce a second
hydrocarbon stream 810 and a pressure swing adsorption (PSA) unit feed stream 820, wherein the PSA unit
feed stream comprises equal to or greater than 97% by total weight of the second hydrocarbon stream of the
nitrogen of the retentate stream;
(h) introducing at least a portion of the PSA unit feed stream to a PSA unit 900 to produce a second recovered
nitrogen stream 910 and a tail gas stream 920, wherein a molar concentration of nitrogen in the second recovered
nitrogen stream is greater than a molar concentration of nitrogen in the first recovered nitrogen stream; and
(i) recycling at least a portion of the tail gas stream to the compressor via a second recycle stream 505.

2. The process of any one of claims 1 further comprising (i) cooling at least a portion of the compressed gas stream
prior to the step (d) of introducing at least a portion of the compressed gas stream to a first separation unit; and (ii)
cooling at least a portion of the retentate stream prior to the step (g) of introducing at least a portion of the retentate
stream to a second separation unit.

3. The process of any one of claims 1-2, wherein at least a portion of the second hydrocarbon stream is introduced to
a second stripping unit to produce a purified second hydrocarbon stream and a fourth recovered purge gas stream,
wherein an amount of purge gas in the purified second hydrocarbon stream is lower than an amount of purge gas
in the second hydrocarbon stream.

4. The process of any one of claims 1-3, wherein the first recovered nitrogen gas stream has a pressure of from 6.89
kPa (1 psig) to 344.74 kPa (50 psig).

5. The process of claim 1, wherein the PSA unit is characterized by a cycle time of from 1 minute to 60 minutes.

6. The process of claims 1 or 5, wherein from 2 to 8 PSA units are operated in parallel.

Patentansprüche

1. Verfahren zur Komponententrennung in einem Polymerherstellungssystem, Folgendes umfassend:

(a) Trennen eines Polymerisationsproduktstroms 120 in einen Gasstrom 210 und einen Polymerstrom 220,
wobei der Polymerstrom Polyethylen, Isobutan, Ethylen und Ethan umfasst und wobei der Gasstrom Ethylen,
Ethan und Isobutan umfasst;
(b) Inkontaktbringen mindestens eines Teils des Polymerstroms mit einem Stickstoffstrom 410 in einem Spül-
behälter 400, um einen gespülten Polymerstrom 420 und einen verbrauchten Stickstoffstrom 430 zu erhalten,
wobei der gespülte Polymerstrom Polyethylen umfasst, und wobei der verbrauchte Stickstoff Stickstoff, Isobutan,
Ethylen und Ethan umfasst;
(c) Einleiten mindestens eines Teils des verbrauchten Stickstoffstroms 430 in einen Verdichter 525, um einen
verdichteten Gasstrom 526 zu erzeugen;
(d) Einleiten mindestens eines Teils des verdichteten Gasstroms in eine erste Trenneinheit 600, um einen ersten
Kohlenwasserstoffstrom 610 und einen Membraneinheit-Zufuhrstrom 620 zu erzeugen, wobei der erste Koh-
lenwasserstoffstrom gleich oder mehr als 50 % des Gesamtgewichts des ersten Kohlenwasserstoffstroms des
Isobutans des verdichteten Gasstroms umfasst, und wobei der Membraneinheit-Zufuhrstrom gleich oder mehr
als 95 % des Gesamtgewichts des Membraneinheitsstroms des Stickstoffs des verdichteten Gasstroms umfasst;
(e) Einleiten mindestens eines Teils des Membraneinheit-Zufuhrstroms in eine Stickstoffmembraneinheit 700,
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um einen ersten rückgewonnenen Stickstoffstrom 720 und einen Retentatstrom 710 zu erzeugen, wobei der
Retentatstrom weniger als 30 % des Gesamtgewichts des Retentatstroms des Stickstoffs des Membraneinheit-
Zufuhrstroms umfasst;
(f) Rückführen eines ersten Teils des ersten rückgewonnenen Stickstoffstroms zu dem Verdichter über einen
ersten Rückführstrom 508 und Rückführen eines zweiten Teils des ersten rückgewonnenen Stickstoffstroms
zu dem Spülbehälter 509;
(g) Einleiten mindestens eines Teils des Retentatstroms in eine zweite Trenneinheit 800, um einen zweiten
Kohlenwasserstoffstrom 810 und einen Zufuhrstrom der Druckwechseladsorptionseinheit (PSA) 820 zu erzeu-
gen, wobei der PSA-Einheit-Zufuhrstrom gleich oder mehr als 97 % des Gesamtgewichts des zweiten Kohlen-
wasserstoffstroms des Stickstoffs des Retentatstroms umfasst;
(h) Einleiten mindestens eines Teils des PSA-Einheit-Zufuhrstroms in eine PSA-Einheit 900, um einen zweiten
rückgewonnenen Stickstoffstrom 910 und einen Endgasstrom 920 zu erzeugen, wobei eine molare Konzent-
ration von Stickstoff in dem zweiten rückgewonnenen Stickstoffstrom größer als eine molare Konzentration von
Stickstoff in dem ersten rückgewonnenen Stickstoffstrom ist; und
(i) Rückführen mindestens eines Teils des Endgasstroms zu dem Verdichter über einen zweiten Rückführstrom
505.

2. Verfahren nach Anspruch 1, ferner umfassend (i) Kühlen mindestens eines Teils des verdichteten Gasstroms vor
dem Schritt (d) des Einleitens mindestens eines Teils des verdichteten Gasstroms in eine erste Trenneinheit; und
(ii) Kühlen mindestens eines Teils des Retentatstroms vor dem Schritt (g) des Einleitens mindestens eines Teils
des Retentatstroms in eine zweite Trenneinheit.

3. Verfahren nach einem der Ansprüche 1-2, wobei mindestens ein Teil des zweiten Kohlenwasserstoffstroms in eine
zweite Strippeinheit eingeleitet wird, um einen gereinigten zweiten Kohlenwasserstoffstrom und einen vierten rück-
gewonnenen Spülgasstrom zu erzeugen, wobei eine Menge an Spülgas in dem gereinigten zweiten Kohlenwas-
serstoffstrom niedriger als eine Menge an Spülgas in dem zweiten Kohlenwasserstoffstrom ist.

4. Verfahren nach einem der Ansprüche 1-3, wobei der erste rückgewonnene Stickstoffgasstrom einen Druck von 6,89
kPa (1 psig) bis 344,74 kPa (50 psig) aufweist.

5. Verfahren nach Anspruch 1, wobei die PSA-Einheit durch eine Zykluszeit von 1 Minute bis 60 Minuten gekennzeichnet
ist.

6. Verfahren nach Anspruch 1 oder 5, wobei 2 bis 8 PSA-Einheiten parallel betrieben werden.

Revendications

1. Procédé de séparation de composants dans un système de production de polymères, comprenant :

(a) la séparation d’un flux de produit de polymérisation 120 en un flux gazeux 210 et un flux de polymère 220,
dans lequel le flux de polymère comprend du polyéthylène, de l’isobutane, de l’éthylène et de l’éthane, et dans
lequel le flux gazeux comprend de l’éthylène, de l’éthane et de l’isobutane ;
(b) la mise en contact d’au moins une partie du flux de polymère avec un flux d’azote 410 dans une cuve de
purge 400 pour donner un flux de polymère purgé 420 et un flux d’azote usé 430, dans lequel le flux de polymère
purgé comprend du polyéthylène, et dans lequel l’azote usé comprend de l’azote, de l’isobutane, de l’éthylène
et de l’éthane ;
(c) l’introduction d’au moins une partie du flux d’azote usé 430 dans un compresseur 525 pour produire un flux
de gaz comprimé 526 ;
(d) l’introduction d’au moins une partie du flux de gaz comprimé dans une première unité de séparation 600
pour produire un premier flux d’hydrocarbures 610 et un flux d’alimentation d’unité de membrane 620, dans
lequel le premier flux d’hydrocarbures comprend 50 % en poids total ou plus du premier flux d’hydrocarbures
de l’isobutane du flux de gaz comprimé, et dans lequel le flux d’alimentation d’unité de membrane comprend
95 % en poids total ou plus du flux d’azote du flux de gaz comprimé ;
(e) l’introduction d’au moins une partie du flux d’alimentation d’unité de membrane dans une unité de membrane
à l’azote 700 pour produire un premier flux d’azote récupéré 720 et un flux de rétentat 710, dans lequel le flux
de rétentat comprend moins de 30 % en poids total du flux de rétentat de l’azote du flux d’alimentation d’unité
de membrane ;
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(f) le recyclage d’une première partie du premier flux d’azote récupéré vers le compresseur via un premier flux
de recyclage 508 et le recyclage d’une seconde partie du premier flux d’azote récupéré vers la cuve de purge 509 ;
(g) l’introduction d’au moins une partie du flux de rétentat dans une seconde unité de séparation 800 pour
produire un second flux d’hydrocarbures 810 et un flux d’alimentation d’unité d’adsorption modulée en pression
(PSA) 820, dans lequel le flux d’alimentation d’unité PSA comprend 97 % en poids total ou plus du second flux
d’hydrocarbures de l’azote du flux de rétentat ;
(h) l’introduction d’au moins une partie du flux d’alimentation d’unité PSA dans une unité PSA 900 pour produire
un second flux d’azote récupéré 910 et un flux de gaz résiduaire 920, dans lequel une concentration molaire
d’azote dans le second flux d’azote récupéré est supérieure à une concentration molaire d’azote dans le premier
flux d’azote récupéré ; et
(i) le recyclage d’au moins une partie du flux de gaz résiduaire vers le compresseur via un second flux de
recyclage 505.

2. Procédé selon l’une quelconque des revendications 1 comprenant en outre (i) le refroidissement d’au moins une
partie du flux de gaz comprimé avant l’étape (d) d’introduction d’au moins une partie du flux de gaz comprimé dans
une première unité de séparation ; et (ii) le refroidissement d’au moins une partie du flux de rétentat avant l’étape
(g) d’introduction d’au moins une partie du flux de rétentat dans une seconde unité de séparation.

3. Procédé selon l’une quelconque des revendications 1 et 2, dans lequel au moins une partie du second flux d’hy-
drocarbures est introduite dans une seconde unité de stripage pour produire un second flux d’hydrocarbures purifié
et un quatrième flux de gaz de purge récupéré, dans lequel une quantité de gaz de purge dans le second flux
d’hydrocarbures purifié est inférieure à une quantité de gaz de purge dans le second flux d’hydrocarbures.

4. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel le premier flux gazeux d’azote récupéré a
une pression de 6,89 kPa (1 psig) à 344,74 kPa (50 psig).

5. Procédé selon la revendication 1, dans lequel l’unité PSA est caractérisée par un temps de cycle de 1 minute à
60 minutes.

6. Procédé selon l’une des revendications 1 à 5, dans lequel 2 à 8 unités PSA sont utilisées en parallèle.
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