wO 2025/136609 A1 | 0000 AN A0 0 00 O 00

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
26 June 2025 (26.06.2025)

(10) International Publication Number

WO 2025/136609 Al

WIPO I PCT

(51) International Patent Classification:
CO8F 6/00 (2006.01)

(21) International Application Number:
PCT/US2024/057281

(22) International Filing Date:
25 November 2024 (25.11.2024)

SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of the

earlier application (Rule 4.17(iii))

Published:
with international search report (Art. 21(3))

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
63/612,628 20 December 2023 (20.12.2023) US

(71) Applicant: EXXONMOBIL TECHNOLOGY AND EN-
GINEERING COMPANY [US/US]; 22777 Springwoods
Village Parkway, Spring, TX 77389 (US).

(72) Inventors: PRASAD, Giyarpuram, N., 17114 Loblolly
Bay Court, Houston, TX 77059 (US). SANDELL, David,
J.; 6562 Rey Del Sierra Court, Sparks, NV 89436-8442

US).

Agent: JACKSON, Katherine, L. et al.; ExxonMobil
Technology and Engineering Company, 22777 Spring-
woods Village Parkway, Spring, TX 77389 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN,HR,HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP,KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE, LR, LS, MW, MZ NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,

(54) Title: FINISHING SYSTEMS AND METHODS THEREOF

(57) Abstract: The systems and methods provided herein include supplying a. polymer product of a polymerization reactor to a purge
bin, wherein the polymer product comprises one or more non-polymer components. The polymer product is transferred to a screener.
A first non-polymer component content is determined at a first location using a first sensor. Tire first location is disposed on a first
convey line downstream of the screener or is disposed on the screener. The polymer product is transferred to a feed bin. A non-
polymer component is removed using a first recovery line disposed on or near the feed bin. A second non-polymer component content
is determined at a second convey line using a second sensor. The second location is disposed on a second convey line downstream of
the feed bin and upstream of an extruder.



WO 2025/136609

[

e
=

25

FINISHING SYSTEMS AND METHODS THEREQF

CROSS-REFERENCE TO RELATED APPLICATION

[GOGT] This application claims the benefit of U.S. Provisional Application Number
63/612,628, filed on December 20, 2023, entitled “Finishing Sysiems and Methods Thereof™,
the entirety of which is incorporated by reference herein.

FIELD OF INVENTION

[3002] The present disclosure generallv relates to finishing svstems and methods of

producing polvolefins.

BACRGROUND

[B003] Polvolefin syntheses often inciude a monomer and a comonomer where the
comonomer has a higher carbon-number than the monomer. For example, a polyethvieng may
be synthesized using ethvlene monomer, 1-hexene comonomer, and a catalyst. The comonomer
18 typically lgh purnitv {e.g., 99%) and includes impunties that are primarly inert isomers (in
the prescribed reaction} and saturates of the comonomer {e.g., 2-cis-hexens and hexane,
respectively).

[3004] In a polvolefin synthesis atier polvmenzation, for example in a gas-phase reactor,
the product stream 19 separated nto a polymer stream and an wnreacted components stream.
The polvmer stream can have impurities that are present in the polvmer product{(s}, such as
unpolymerized components originating from unreacted monomers, wreacted comonomers, or
other impurities, e.g., inert isomers, saturates of the comonomer, ot one or rore other
hvdrocarbons. Generally, the non-polymer components are stripped from the products in the
purge bin using a purge gas such as nitrogen. Unfortunately, not all of the non-polymer
components, ¢ g, hyvdrocarbons, are stripped as the purge gas reaches an equilibrium minimam
amount, e.g., about 50 to about 100 ppmw of hyvdrocarbons. The stripped product containing
residual non-polymer components is then transferred to & fimishing svstem using a convey line.
[G0O5] Unfortunately, the convey line is open to atmosphere, allowing the low amount of
non-polyimer components, e.g., hydrocarbous, remaining in the stripped product to emit to
atmosphere. Moreover, aiterupts to recvele these non-polymer components have been
weconomical due to the low concentrations of non-polymer components present in the
polymer product(s).

[3006] There is anced for improved sysiems capable of reducing non-polymer components

in polvmer product{(s) that would otherwise be emitted to atmosphere.

PCT/US2024/057281
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SUMMARY OF INVERTION

[3087] In some embodiments, the methods provided berein mmclude supplying a polyvmer
product of a polymerization reacior to a purge bin. The polyroer product includes one or more
non-polvmer components. The polymer product is transferred 1o a screener. A first non-
polymer component content is determined at a first location using a first sensor. The first
location 1s disposed on a first convey line downstream of the screener or is disposed on the
screener.  The polymer product is transferred to a feed bin. A non-polymer component is
removed using a first recovery line disposed on or near the feed hin. A second non-polvmer
compoenent content is determined at a second convey ling using a second sensor. The second
location 15 disposed on a second convey line downsiream of the feed bin and upsiream of an
extruder.

[0008] In some embodiments, {inishing svstems of a polymerization reactor include a first
convey line fhadly coupled to an infet of a screener. A second convey hine 1s fuidly coupled
to an outlet of the screener and an nlet of a feed bin. A third convey line s flwdly coupled to
an outlet of the feed bin and an inlet of an extruder. A fourth convey line is fuidly coupled to
an outlet of the extruder and an indet of a collector. A first recovery line is fludly coupled to
the feed bin, extruder, or collector. A first sensor is Hudly coupled to a first location, second
location, or third location along the first convey line. the second convey line, orthethurd convey
line.

BRIEF BESCRIPTION OF THE DRAWINGS

(G009 The following figures are included to tllustraie ceriain aspects of the ernbodiments
and should not be viewed as exclusive embodiments. The subject matier disclosed 15 capable
of considerable modifications, alterations, combinations, and equivalents in form and function,
as will occur to those skilled 1n the art and having the benefit of this disclosure.

[(018] FIG. 1 depicis a schematic of an illusirative gas phase polvmenzation system for
making polvmers according to embodiments of the present disclosure.

[BG1] FIG. 2 depicts a schematic of an illustrative finishmg system according {o
embodiments of the present disclosure,

[6012] Whle the disclosed process and sysienm are susceptible o various modifications and
altemative forms. the drawing illustrates a specific embodiment herein described in detail by
way of example. It should be understood, however, that the descriplion herein of a specific
embodiment is not intended to Himit the present disclosure o the particular forms disclosed, but
on the contrary, the intention is to cover all modifications, equivalents, and alternatives falling

within the spirit and scope of the present disclosure as defined by the appended claims.

.
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DETAILED BESCRIPTION

[8013] The present disclosure provides improved polvolefin syntheses utilizing improved
finishing systems of polymer products (0 Tecover one o7 more non-polymer components, e.g.
hvdrocarbons, from a convey line of a gas-phase polvmenization systenm, preventing emission
of non-polymer componenis or oiher hvdrocarbons and/or volatile organic compounds (VO s}
mito the atmosphere. VOCs can include any organic {carbou-containing) compound which can
evaporate under standard atmospheric temperature and pressure (8TP}. other than CGo, CO,
carbonic acid, and certain carbides/carbonates {e.g.. metallic carbides or carbonates and
ammonium carbonate), and in particular VO s of relevance herein may be hydrocarbon Vs,
The one or more recovered non-polvmer components may be sent to a combustion or thermal
oxidation system, which may convert ali or substantially all of the non-polymer components o
CO and H20.

[6014] The present disclosure also provides a finmishing system that removes non-polymer
components, e.g., hydrocarbouns and/or other VOCs, along locations of a convey line of the
finishing system, which reduces and/or ehiminates VOCs from escaping to the atmosphere. The
focations may be locations identified as having high concentrations of non-polymer
components along the convey line, such that the finishing svstem may efficiently remove the
non-polvimer components from the convey line. Removal in this context can include sending
such components to a control device {e.g., flare, thermal oxidizer, and/or boiler} for conversion
o other compounds {(such as combustion to C0O» and Ho(d), and/or capturing for recycling
and/or storage m another part of the system or another system.

[3615] Hlustrative embodiments of the subject matter claimed below will now be disclosed.
In the interest of clarity, some features of some actual implementations may not be described
m this specification. It will be appreciated that in the development of any such actual
embodiments. numerous implementation-specific decisions must be made to achieve the
developer's specific goals, such as compliance with svstem-related and business-related
constraints, which will vary from one implementation to another. Moreover, it will be
appreciated that such a development effort, even if complex and time-consumming, would be a
routine undertaking for those of ordinary skil in the art having the benefit of this disclosure.
[6616] The words and phrases used herein should be understood and interpreted to have a
meaning consistent with the understanding of those words and phrases by those skilled in the
relevant art. No special definition of a term or phrase, e.g., a definition that 1s different from
the ordimary and customary meaning as understood by those skilled in the art, 1s intended 1o be

implied by consistent usage of the term or phrase herein.
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Definitions

[3017] “Inert gas,” as used herein, refers 10 a gas that does not readidy undergo chemical
reactions with one or more of the reactants. monomers, comonormers, catalysts, or other
chemical substance in a gas-phase polvmerization reactor.

[6018] “Carrier gas,” as used hergin refers to a gas that carries at least a nominal amount
of a first component, e.2., unreacted componenis, to a gas-phase polymerization reactor. In at
least an embodumnent, the carrier gas is an mert gas. In at least an embodiment, the carnier gas
is a gas capable of reacting with non-polvmer component{s) and/or polymer component(s}.
[3G19] An “olefin,” alternatively referred to as “alkene,” i3 a linear, branched, or cvclic
compound of carbon and hydrogen having at least one double bond. For purposes of this
specification and the claims appended thereio, when a polyvmer or copolymer is referred to as
comprising an olefin, the olefin present in such polvmeer or copolymer is the polymerized form
of the olefin. For example, when a copolymer is said to have an “ethylene” content of 35 wit%
10 35 wi%, U 1s understood thai the mer umt in the copolvmer is derived from ethyvlene in the
polymerization reaction and said denved units are present at 35 wt% to 55 wi%, based upon
the weight of the copolymer. A “polymer™ has two or more of the same or different mer umts.
A “homopolymer” is a polvmer having mer untis that are the same. A “copolvmer” 1S a
polymer having two or more mer umits that are different from each other. A “terpolymer” s a
polymer having thres mer units that are different from sach other. Accordingly, the definition
of copolymer, as used herein, includes terpolvmers and the hike. “Different” as used to refer to
mer unifs indicates that the mer units differ from each other by atieast one atom or are different
isomericallv.  An “ethviene polymer” or “ethvlene copolvmer” is a polvmer or copolvmer
comprising at feast S0 mol% ethylene derived units, a “propviene polymer” or “propviene
copolymer” is a polymer or copolymer comprising at least 50 mol% propylene derived units,
and so on.

[G026) Hthvlene shall be considered an g-olefin.

[602%] Unless otherwise specified, the term ~(,” means hydrocarbon{s) having n carbon
atom(s} per molecule, wherein n is a positive integer.

[6022] The term “hydrocarbon”™ means a class of compounds containing hydrogen bound
1o carbon, and encompasses (i) saturated hyvdrocarbon compounds, {1} unsaturated
hydrocarbon compounds, and (i11) muxtures of hydrocarbon compounds {(saturated and/or
unsaturated), inchuding mixtures of hvdrocarbon compounds having different values of n.

Likewise, a “Cn-Cy” group or compound refers to a group or compound comprising carbon

PCT/US2024/057281
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atoms at a total number thereof in the range from m toy. Thus, a T -Cse alkyl group refers to
an alkyl group comprising carbon atoms al a total mumber thereof in the range from 1 o 50.
[(3023] “Catalyst,” as used in the method disclosed heren, 15 the same catalyst throughout
the method. That 15 to sav. that the catalvst used for making the first polvethviene will be the
same catalyst used for making the second polyethylens, and inherently any transitional
polyethylene produced using the gas-phase polymerization process.

[(024] “Cr” as used herein, and undess otherwise specified. the term means hydrocarbon(s)
having n carbon atom{s} per molecule, wherein n i1s a positive integer.

-

[3025] “Induced condensing agent (JCA)Y” as used herein, means one or more nert
condensable fluids which are readily volatile hiquid hydrocarbons, which may be selected from
saturated hydrocarbons contamning from 2 to 10 carbon atoms, such as 3 o 10 carbon atoms.
Some suitable satrated hvdrocarbons are propaneg, n-butane, iscbutane, n-pentane, isopentane,
neopentane, n-hexane, isohexane, and other saturated Ces bydrocarbons, n-heptane, n-octane
and other saturated Cy and Cg hydrocarbons or mixtures thereol A clags of exemplary inert
condensable hydrocarbons are Cs and Cs saturated hvdrocarbons.  Another class of exemplary
hydrocarbons are 4 to s sanwated hvdrocarbons. Exemplary hydrocarbons for use as
condensable fluids include pentanes, such as wsopentane. The condensable fhuds may also
include polvmernizable condensable comonorers such as olefins, diolefing or mixtures thereof
imclading some of the monomers mentioned hersin which may be partially or entirely
mncorporated in the polymer product.

[6026] “Efficiency.” as used herein, refers to the amount of actual polymer product that is
produced as a result of the gas-phase polvmerization reaction compared to the amount of non-
polymer components, e.g., unreacted monomers and unreacted comonomers that remain in the
product after polymerization, for example, hydrogenated monomers or comonorers and/or un-
polymerized monomers or comonomers. Efficiency may be represented by a w/v % of the total
product formed. For example, a polymerization may have an efficiency of 90% where the
reactants polvmernized to produce 20 w/v% product and 10 w/v% of non-polvmer components.
(60271 “Production rate,” as used herein, refers 1o the amount of polymer product produced
per unit time based on the amount of reactant that 1s jutroduced into the polyvimerization reactor,
where the unit iime mav be represented by seconds, minutes, hours, days, or the hike.

[3028] “Polvethylens,” as used herein, means an ethylens homopolymer or a copolymer
comprising at least SO wi% ethyviene. The terms “polvethviene polymer,” “polvethyiens,”

IR

“ethviene polymer,” “ethylene copolvmer,” and “ethylene-based polymer” have the same

meaning as polvethvlene copolymer, except where otherwise indicated (e.g, where a

PCT/US2024/057281
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polyethylene homopolymer is referred to, this means a polvmer formed from sthviene
monomer without comonomer units, e.g., 100 wi% ethyiene-denived units).

[3029] “Polvmerization conditions,” as used heretn, means conditions conducive (o the
reaction of one or more olefin monomers when condacted with an activated olefin
polymerization catalyst to produce a polvolefin poivmer, including a skilied artisan’s selaction
of temperature, pressure, reactant concenirations, oplional solvent/diluents, reactant
mixing/addition parameters, and other conditions within at ieast one polymerization reactor.
[3030] “Reactor system.” as used heremn. means the reactor and piping and equipment
containing the circulating loop of cvdle fhnd, including, the cyele fluid heat exchanger.

Polvmernization Process

[B331) The present disclosure provides methods for recovenng non-polymer components
or other hydrocarbons and/or VOCs. During normal operations, a gas phase polymerization
process comprises continuous addition of a catalyst, ethylene monowmer, and optionally one or
more comonomers and/or hvdrogen, 10 a luidized bed in a polvmenization reaction zone under
a set of polymerization conditions and withdrawimg a polvethyiene product having a density
and melt index (1z2).

[3032] FIG. 1 depicis a flow diagram of an illustrative gas phase polymerization system
100 for making polymers, according to one or more embodiments. The pelvmerization systerg
100 includes a reactor 101 in fhud communication with one or more discharge tank(s} 155
{only one shown), compressor(s) 170 {only one shown), heal exchanger{s} 175 (only one
shown), purge bin{s) 180 (only one shown), and purge gas recovery onit{s) 182 {ounly one
shown}. The polymerization sysiem 100 can also mnclude more than one reacior 161 arranged
in senies, paraliel, or configured independent from the other reactors. each reactor having s
own associated discharge tank{(s) 155, compressor(s}y 170, heat exchanger{s} 175, purge bin{(s}
180, or purge gas recovery unit{s) 182 or alternatively, sharing any one or more of the
associated discharge tank(s} 155, compressor{s) 170, heat exchanger(s) 175, purge bin{s) 180,
or purge gas recovery unit{(sy 182, For simplicity and ease of description, the polymerization
system 100 will be further described in the context of a single reactor train.

[3633] The conditions for polymerizations 1 the reactor 101 vary depending upon the
monomers, catalvsis, catalyst systems, and equipmeni availability. For example, the
temperatures can be within the range of from about —10°C 1o about 140°C, often about 15°C
to about 120°C, and more often about 70°C to about 110°C. Pressures can be within the rangs
of from about 10 kPag to about 10,000 kPag, such as about 300 kPag to about 5,000 kPag, or
abowt 1,000 kPag to about 2,200 kPag, for example.

-6 -
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[(3034] The reactor 101 can include a cylindrical section 103, a transition section 105, and
a velocity reduction zone or dome 197, The cylindrical section 103 1s disposed adjacent the
transition section 103 The transiion section 105 can expand from a lirst diameter that
corresponds to the diameter of the cvlindrical section 103 to a larger diameter adjacent the
dome 107, As mentioned above, the location or junction at which the cvlindrical section 103
connects to the transition section 105 15 referred o as the “neck™ or the “reactor neck™ 104,
The dome 107 has a bulbous shape. One or more cvele fluid lines 115 and vent lines 118 can
be 1in fluid communication with the top head 107, The reactor 101 can be free from the use of
stirring and/or wall scraping.  The reactor 107 can include the fluidized bed 112 in fluid
communication with the top head 107,

[B035] I general, the height o diameter ratio of the cylindrical section 103 can vary in the
range of from about 2:1 to about 3:1. The range, of course, can vary to farger or smaller ratios
and depends, at least in part, upon the destred production capacity and/or reactor dimensions.
The cross-sectional area of the dome 107 is typically within the range of from about 2 1o about
3 multipliad by the cross-sectional area of the cylindrical section 103

|3036] The velocity reduction zone or dome 107 has a larger inner diameter than the
fluidized bed 112, As the name suggests, the velocity reduction zone 107 slows the velocity
of the gas due to the increased cross-sectional area. This reduction in gas velocity allows
particles entrained in the upward moving gas to fall back into the bed, allowing primarily only
gas to exit overhead of the reactor 101 through the cvele fhwd line 115, The cvele flud
recovered via line 115 can contain less than abowt 10 wi%s, less than about 8 wi%, less than
about 5 wi%, less than about 4 wi%, less than about 3 wi%. less than about 2 wi%. less than
about T wi%, less than about 0.5 wi%, or less than about .2 wi% of the particles entramed in
Huidized bed 112 over a period of time, e.g., about fess than 10 wi% in mass per unit ime. The
cyvele line 115 and the elemenis theremn {compressor 170, heat exchanger 1753} can be smooth
surfaced and devoid of unnecessary obstructions so as not to itnpede the flow of cycle fluid or
enirained particles.

[G037] The reactor feed via ling 110 can be introduced to the polvmerization system 100 at
any point. For example, the reactor feed via hne 110 can be infroduced to the cylindrical
section 103, the transition section 103, the velocity reduction zone 107, 10 any point within the
gycle finid line 1135, or anv combination thereof. Figure 1 depicts the reacior feed vialing 110
entering the cvele fhnd in line 1135 afier the heat exchanger 175, however the reactor feed via
hine 110 may be implemented in one or more aliemative locations, e.g, before the heat

exchanger 175 or after the heat exchanger 175, The catalvst feed vialine 113 can be infroduced

-3
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to the polvmerization system 100 at any point. For example, the catalyst feed via ling 113 15
miroduced 1o the fluidized bed 112 within the eylindrical section 103,
[3038) During normal operation, e.2., polymer production, under a given set of operating
conditions, the fluidized bed may be mamtained at essentially a constant height by withdrawing
a portion of the bed as polymer product at the rate of formation of the particulate polymer
product. Since the rate of heat generation during polymerization is directly relaled (o the rate
of product formation, a temperature rise of the fluid across the reacior (the difference in
temperature between reactor feed line 110 and exit cycle flund via line 115} 1s indicative of the
rate of particolate polymer formation at a constant fluid velocity if no or negligible vaporizable
bguid is present in the inlet flud.
[G033] The reactor feed line 110 feeds one or more unreacted monomers or unreacied
comonomers 1n a cvele gas stream. The cvele gas stream may include a cycle gas having a
heat capacity | e.g.. greater than 130 FmolK, 1o ensure that the DT 1¢ mainiained, which will
assist in producing a higher rate of particular polyvimer formation. For example, the cvele gas
stream that carries the one or more unreacted monomers o1 unreacted comonomers through the
reactor feed line 110 can include ethane, gthyiene, methane, or the like. For example, a cvele
gas may include an ethane gas i an amount of about 95% viv ethane to about 100 % v/v gthane,
such as about 95% v/v. about 96% v/v, about 97% v/v, about 97% v/v, about 99% v/v, or about
100% v/v, low impurities, e g., about (.0% v/v 1o about 10% v/v, such as about 0.01% v/v,
about 0.1% v/v, about 19 v/v, abowt 2% v/v, about 4% v/v, about 6% v/v, about 8% v/v, or
aboui 10% v/v, a tow olefinic content. e .. about 0.0% v/v 1o about 10% v/v, such as about
0.01% v/v. about 0.1% v/v, about 1% v/v, about 2% v/v, about 4% v/v. about 6% v/v, about
8% v/v, or about 10% v/v. In at least one embodiment, the cvele gas including ethane gas may
have a low temperature, e.g., about 40 °F to about 120 °F, such as about 60 °F to about 100 °F,
80 °F to about 90 °F, or about 40 °F o about 100 °F. In at least embodiment, the carner gas
ncluding ethviene gas may have a low temperature, e.g.. about -10 °F to abowt 40 °F, such as
about -10 °F 10 about 10 °F, 10 °F to about 30 °F, or about 20 °F to about 40 °F.
[G044] The cycle fhud via line 115 can be compressed in the compressor 170 and then
passed through the heal exchanger 175 where heat can be exchanged between the cvele fluid
and a heat transfer medium. For example. during normal operating conditions a cool or cold
heat transfer medium via ling 171 can be introduced to the heat exchanger 175 where heat can
be transferred from the cvcle fluid in line 115 to produce a heated heat transfer medium via
line 177 and a cooled cycle fluid via line 115, In ancther example. during idling of the reactor

101 a warm or hot heat ranster medium via line 171 can be introduced to the heat exchanger

-8 -
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175 where heat can be transferred from the heat transfer medinm to the cycle fluid in line 115
to produce a cooled heat transfer mediun via line 177 and a healed cycle Hluid via line 1185
The terms “cool heat transfer medium”™ and “cold beat transfer medium™ refer to a heat transfer
medium having a temperature less than the fluidized bed 112 within the reactor 101, The terms
“warm heat transfer medium”™ and “hot heat transfer medium™ refer {0 a heat transfer medium
having a temperature greater than the {hadized bed 112 within the reactor 101, The heat
exchanger 175 can be used to cool the fluidized bed 112 or heat the fluidized bed 112 depending
on the particular operating conditions of the polvmernzation svstem 100, e 2., reactor start-up,
normal operation, idhing, and shut down. For example, the heat exchanger 175 can cool the
cycle fhud n Bine 115 1o about 100 °C to about 250 °C or lower. Altlematively, the heat
exchanger 175 can heat the cvcle fluid in line 115 to about 50 °C 1o about 500 °C , ¢ g., about
50 °C to about 10¢ “C, about 100 °C to about 300 °C, or about 300 °C to about 500 °C.
Hlustrative heat transfer mediums can include water, atr, glveols, orthe like T 1s also possible
to locate the compressor 170 downstream from the heat exchanger 175 or at an intermediate
point between several heat exchangers 175

[6041] After cooling, all or a portion of the cycle fluid via line 115 can be retumed to the
reactor 101 The cooled cvele flund 1o line 115 can absorb the heat of reaction generated by
the polymenzation reaction. The heat transter medium in hme 171 can be used to transfer heat
to the cycie fluid in line 115 thereby introducing heat 1o the polymerization system 100 rather
than removing heat therefrom. The heat exchanger 175 can be of any type of heat exchanger.
Musirative heat exchangers can include shell and tube, U~tube, and the hike. For example, the
heat exchanger 175 can be a shell and tube heat exchanger where the cvcle fluid via bine 115
can be introduced to the tube side and the heat transfer medium can be introduced to the sheli
side of the heal exchanger 175, H desired, several heat exchangers can be emploved, o series,
parallel, or a combination of series and parallel, 1o lower or increase the temperaiure of the
cvele fhuid i stages.

[0642] In some embodiments, the cvcle gas via line 1135 is retirned to the reactor 161 and
1o the fludized bed 112 through fhad distributor plate (“plate™) 119 The plaie 119 can be
mstalled at the inlet to the reactor 101 to prevent polvmer parucles from setthng out and
agglomerating into a solid mass and to prevent liquid accumudation at the bottom of the reactor
101 as well to facilitate sasy transitions between processes which contain liquid in the cvele
stream 115 and those which do not and vice versa. Although not shown, the cycle gas via line
115 can be mtroduced 1o the reactor 101 through a deflector disposed or located intermediate

an end of the reactor 101 and the distributor plate 119,

L.
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[3043] The catalvst feed via line 113 can be introduced to the flindized bed 112 within the
reactor 101 through one or more injection nozzles (not shown) in fluid communication with
ling 113, The catalvst feed ts introduced as pre-forrued particles in one or more liquid or gas
carriers {2. 2., a catalvst shury or g particle in a gas). Swntable hiquid carners can include mineral
oil and/or licuud or gaseous hydrocarbons including propane, butane, isgpentane, hexane,
heptane octane, or mixtures thereof. Suitable gas carriers include carrier gases that have a
higher heat capacity and/or gas density value, ¢ g, ethane, ethylene, or a combination thereof.
1o provide a higher temperature during the polvmerization reaction, which increases the
temperature at the velocity redaction rone or dome 107 and drives the reaction to produce more
products at a higher efficiency. For example, the gas cartier of hne 113 may wclude about 20%
cthylene to about 100% ethylene, e z.. about 20% v/v to about 40% v/v, abowt 30% v/v to about
50% v/v, about 40% v/v 1o about 60% v/v, about 50% v/v to about 70% v/v. about 60% v/v {0
about 80% v/v, about 70% v/v to about 90% v/v, or about 80% v/v to about 100% viv. Asa
further example, the gas carier of line 113 may include about 0% ethane to about 100% ethane,
ez, about 0% v/v to about 20% v/v, about 10% v/v to about 30% v/v. about 20% v/v 1o about
40% v/v, about 30% v/v to about 50% v/v, about 40% v/v 1o about 0% v/v, about 50% v/v to
about 70% v/v. about 60% v/v to about 80% v/v, about 70% v/v 10 about 90% v/v, or about
809% v/v to about 100% v/v. The gas carrier can also be used to carry the catalvst shurry into
the reactor. In one example, the catalyst can be a dry powder. In another example, the catalysi
can be dissolved in a liquid carrier and introduced to the reactor 101 as asolution. The catalyst
via ling 113 can be introduced 1o the reactor 101 at a rate sufficient to maintain polvmerization
of the monomer(s) therein. Hydrogen can be added via line 114

[3044] Altematively, the carrier gas could potentially be vaponized {gasecus) isobutane. If
isobuiane is used in this manner, it would preferably be separated (e.g., in the downstream
recovery unit 182), and preferably sent to a separate process {for instance, poientially an olefing
production process upstream of the polvmerization reaction system) to avoid potential
accunuation of this non-reaction-participating substance in the svstem. I not separated and/or
removed from the system in this manner, then the isobutane i the system could require aring
for nert control. Whandled appropriately downstream (e g., as just discussed), this substitution
versus mitrogen could further improve cvele gas density and heat capacity. allowmg for
increased production rate of polymer product.

[3045] Fhutd via line 161 can be separated from a polymer product recovered via line 117
from the reactor 101, The fluid can include unreacted monomer(s), hvdrogen, induced

condensing agents (${UAs), and/or inerts, such as ethane and/or ethylene. The separation of the
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fluid can be accompiished when fluid and/or product leave the reactor 101 and enter the product
discharge tank 155 (one is shown) through valve 157, which can be, for example, a ball valve
designed o have mimimum restriction 1o flow when opened. Positioned above and below the
product discharge tank 155 can be conventional valves 159, 167, The valve 167 allows passage
of product therethrough. For example, to discharge the polvmer product from the reactor 143,
valve 157 can be opened while valves 159, 167 are 1n a closed position. Product and fluid enter
the product discharge tank 1535, Valve 157 is closed and the product is allowed to seitle in the
product discharge tank 135, Valve 159 is then opened pernutiing fluid to flow via line 161
from the product discharge tank 135 to the reactor 101, Valve 159 can then be closed and valve
167 can be opened and any product in the product discharge tank 155 can flow into and be
recoverad via ling 168, Valve 167 can then be closed. The particular timing sequence of the
valves 157. 159, and 167 can be accomplished by use of conventional programmable
controllers which are well known in the art. The fhusd via ling 161 can be introduced {o the
reactor 101 Altematively, the thuid via line 161 can be infroduced fo the recycle ine 115 (hot
shown).

[3046] The product via ling 168 can be infroduced to a purge bin 180 {only one is shown}.
Alternatively, the product line 163 can be introduced to a phurality of separation uniis, in series,
paraliel, or a combination of series and parallel, to further separate gases and/or hiquids from
the product. The purge bin 180 may receive the product via line 168, in which a plurality of
gas stripping streams within the purge bin 180 may direct one or more purge vent sireams via
line 184 10 a purge gas recovery unit 182, For example. the gas stripping stream may include

about 20% ethvlene to about 100% ethyiene, e ., about 20% v/v 1o about 40% v/v, about 30%

O

7 / L4

v/v 1o about 509% v/v, about 409% v/v to about 60% v/v, about 50% v/v to about 70% v/v, about
609 v/v to about 80% v/v, about 70% v/v 1o about 90% viv, or about 3056 v/v 1o about 160%
viv. As a further exarople, the gas stripping stream may include about 0% cthane to about
100% ethane, e.g.. about 0% v/v to about 20% v/v, about 10% v/v to about 30% v/v, about 20%
v/v 1o about 40% v/v, about 30% v/v to about 50% v/v, about 40% v/v to about 60% v/v, aboui
50% v/v o about 70% v/v, about 60% v/v 1o about 80% v/v, about 70% v/v o about 90% v/v,
or about 80% v/v to about 100% v/v.

[6047] In at least one embodiment, the purge bin 180 includes a region comprising a rotary
feeder and a nitrogen gas inlet to prevent one or more hydrocarbons from leaking out of the
purge bin. The rotary feeder may direct one or more polymer products from the purge binto a

finislung system via a convey line 198, where the finishing svstem is described below with
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reference to FIG. 2. Additionally, the purge bin 180 may direct one or mors purge gases, e.g.,
hydrogen, to a hydrogen recovery plant, such as a blue hvdrogen plant, via ling 199,

{3048] The purge vent streamns in ling 184 can have a concentration of non-polvmer
components, such as one or more unreacted monomers, unreacted comonomers, or other
hydrocarbons and/or VOUs, or catalvtic componenis ranging from about 1 ppmw to about 500
pprmow. For example, the purge vent streams in line 184 can have a concentration of one or
more catalviic components ranging from a low of about | ppmw to about 25 ppmw of unreacted
monomer, unreacted comonomer, other hydrocarbons and/or VOCs. and catalviic components
to ahigh of about 25 ppm fo about 500 ppmw of unreacied monomer, unreacted comonomer,
other hyvdrocarbons and/or VOUs, and catalytic component. In at least one emboduneni, the
purge vertt stream in hine 184 can be a purge gas that 15 free of or essentially free of unreacied
monomers, unreacied comonomers, other hydrocarbons and/or VOCs, and catalytic
components, e.g., less than about 1 pprww, less than about 0.5 ppmw, or less than about ¢.1
ppIowW,

[(3049] The fHuid 2 line 184 may be processed in the purge gas recovery unit 182, The
purge gas recovery unit 182 may recetve a makeup gas stream from a ling 186 {0 assist in
cooling the fwd in hine 184, The makeup gas stream may include one or more makeup gases
capable of cooling the fluid in ling 184, For example, the makeup stream may nclude a makeup
gas such as argon, nitrogen, ethang, ethvleng, or methane. For example, the makeup gas may
mclude about 20% ethylene to abawt 100% sthylene, e.g.. about 20% v/v to about 40% viv,
about 30% v/v 1o about 50% v/v, about 40% v/v {0 about 60% v/v, about 50% v/v 10 about 70%
v/v, abowt 60% v/v to about 80% v/v, about 70% v/v to about 90% v/v, or about 80% v/v to
about 100% v/v. As a further example, the makeup gas may include abowt 09 ethane to about
100% ethane, e.g., about 0% v/v to about 20% v/v, about 10% v/v 10 aboul 36% v/v, about 20%
viv o about 40% v/v, about 30% v/v to about S0% v/v. about 40% v/v to about 60% v/v. about
50% v/v to abowt 70% v/v, about 60% v/v 1o about 80% v/v, about 70% v/v to about 90% v/v,
or about 86% v/v to about 100% v/v. The makeup gas stream may be introduced in the recovery
onit 180 al a lower pressure than the pressure of line 184, such that the drop in pressure resudts
w & further chilling of the fluid n line 184,

[6059] A recovery fhuid in line 188 may leave the purge gas recovery unit 182, in which
the recovery fluid may be introduced 1o the reactor 101 via line 190 or may be introduced back
to the purge bin via hine 196, Alternatively, the recovery fluid 188 may be introduced to the

recycle ling 115 (not shown). The recovery fluid in hine 188 may be regulated by one or more
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valves 190. The one or more valves 190 may limit or restnict a flow of the recovery fluid in
line 188 from being infroduced to the reactor 101 or the recycle line 115 (mot shown).

[0051] The recovery fluid in e 188 may be diverted through an exhaust valve 192, The
exhaust valve 192 may open or close an exhaust Hine 194, The exhaust line 194 may transmit
fhuid to flare. Alternativelv, the exhaust line 194 may be transferred to an olefins processing
plant to perform one or more hydrocarbon recovery processes. In af least one embodiment, the
recovery fhud in line 194 may have a low nitrogen comtent, e g, about 1% v/v to about 10%
v/iv, e.g. about 1% v/v 10 about 3% v/v. about 2% v/v to about 4% v/v, about 5% v/v 1o about
7% viv, about 6% v/v 1o about 8 % v/v, about 7% v/v to about 9 % viv, or about 8% v/iv to
about 10% viv,

[G052] One embodiment of a product discharge system employs at least one (parallel} pair
of tanks comprising a settling tank and a transfer tank arranged in series and having the
separated gas phase retumed from the top of the setthing tank {0 a point in the reactor near the
top of the fluidived bed.

Recovery Unit

[3053] Retoming to FIG. 1, a porge vent siream via line 184 may exit the purge bin 180
and be mntroduced to the recovery unit 182, The recovery unit may include a cooler. The cooler
mav jnclude a heat exchanger as described above. For example, during normoal operating
conditions a hot or warm purge vent siream via line 184 may be introduced to the cooler of the
recovery unit 182 where heat is transferred from the hot or warm puwrge vent stream to the
cooler via g heai transter mediwm. The heat transfer medium may 1oclude any suitable material
that 15 capable of absorbing the heat emitted by the hot or warm purge vent siream.  For
gxample, and without limitation, the cooler may include a chilled water system capable of
absorbing the heat from the purge vent stream.

[B034] The cooler can produce a purge vent stream in hine 184 having a ternperature of
about 13 “C to about 60 °C. e g, about 15 °C to about 20 °C, about 20 °C {o about 25 °C, about
25 °C to about 30 °C, about 30 °C to about 35 °C, about 35 °C to about 40 °C, about 40 °C 1o
about 45 °C, about 45 °C to about 30 °C, about 50 °C to about 55 °C, or about 55 °C to abowt
60 °C. Without being bound by theory, when the purge vent strearn in line 184 1s cooled, the
pressure will drop. As such, the purge vent stream n line 184 is sent 1o a compressor of the
recovery wiit 182 from the cooler to allow for a controlied temperature increase downsiream.
[BBSS] The compressor can compress the purge vent stream to produce compressed purge
gas. The compressed purge gas can be at a pressure of about 60 psi to about 500 psi, e g., about

O

60 pst to about 100 psi, about 160 psi to about 150 psi, about 130 pst to about 200 psi, about
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200 psi to about 250 psi, about 25¢ psi to about 300 psi, about 350 psi to about 400 pst, about
400 ps1 o aboui 456 pst, or about 450 psi 1o abowt 300 pst. For example, the compressed purge
gas can be at g pressure ranging from a low pressure of about 60 pst to about 100 pst to a hugh
pressure of about 100 psi to about 500 psi.

[8656] Druring compression of the purge vent stream within the compressor of the recovery
unit the feraperature of the purge gas can be mantained below a predetermuned maximoum
emperature. The maximuwm temperature can be based, at least in part, on the particular make-
up or composition of the purge gas product in line 184, For example, if the purge vent stream
mcludes catalvtic components such as trethylalominum (TEAL) and one or more olefing, the
predetermined maximum temperature could be about 140 °C, because it the purge gas product
15 heated to higher temperatures, polymerization could be nutiated within the compressor.
Bepending, at least in part, on the particular composition of the purge vent stream, e.g.. the
presence of catalyiic components and/or the concentration of catalytic componenis in the purge
vent siream, the temperature of the purge vent stream can be maintained below about 1060 °C
to about 256 °C, e.g., about 100 °C 1o about 125 °C, about 125 to about 150 °C, about 150 °C
1o about 175 °C, about 175 °C 1o about 200 °C, about 200 °C 1o abowt 225 °C, about 225 °C 1
about 250 °C during compression.

[B357] The compressor can compress the purge vent stream in line 184 at any desired
pressure ratio, e.2., anv desired ratio of the pressure of the purge vent stream introduced to the
compressed compared to the pressure of the compressed purge gas recovered from the
compressor. For example, a purge vent stream in line 184 may have a pressure of about 110
kPa n line 184 entering the compressor of the recovery unit 182, in which the compressed
purge gas exiling the compressor of the recovery unit 182 mav have 3 prassure of about 385
LkPa, which would be a ratio of about 1.3.5. The compressor of the recovery umit 182 can
compress the purge vent stream at a pressure ratio ranging from about 1:2 to abouwt 1110, e.g.
about 1:2 to about 114, about 1:3 to about 1:3, about 1:4 1o about 1:6. about 1:5 to about 1:7,
about 1:6 1o about 1:R, about 1:7 to abowut 1.2, or about 1:& to about 1:10. Without being bound
by theory, the pressure ratio within the compressor of the recovery unit 182 can be based, at
least t part, on the desired pressure of the compressed purge gas, the type of compressor, the
desired predetermined maximum temperature of the compressad purge gas afier compression,
or any combination thereof

[8058] The compressed purge gas may have a temperature that is based on the amount of
compression in the compressor and the temperature of the purge vent stream in line 184 afier

exiting the cooler of the recovery unit 182, As the purge vent stream in fine 184 15 compressed
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the partial pressure of the unreacted monomers, unreacted comonomers, impurtties, and
catalviic components increases, such as hydrogenated monomers or comonomers and/or un-
polymerized monomers or comonomers. As such. the poiential for polvmerization imtiating
mcreases, requiring condrol of the maximum temperature of the compressed purge gas. By
controlling the pressure ratio of the compressor, the temperature of the compressed purge gas
may be controlled, in which a temperature that is below the maxdmum temperature may be
produced, limiting polymerization m the compressor of the recovery wnit 182,

{30591 The compressed purge gas 15 introduced 1o an interchanger i the recovery unit 182
The interchanger may direct the compressed purge gas to a water cooler and a condenser fo
condense hiquid hvdrocarbons. The interchanger may include a senes of diveriers or valves
capable of directing or redirecting the compressed purge gas.

(8068 The water cooler can reduce the temperature of the compressed purge gas from a
temperature range of about 100 °C to about 250 °C to a temperature range of about 20 °C {o
about 30 °C, e.g., about 20 °C to about 30 °C, about 30 °C to aboui 40 °C, or about 40 °C {0
about 50 °C.

[3061] The cooled compressed purge gas is introduced {o one or more condensers of the
recovery unit 182 to produce a gas product and a condensed prodact. The condenser can reduce
the temperature of the compressed purge gas to a temperature range of about ~-30 °C 1o about 0
°C, e.g, about -30 °C to about -20 °C, about -20 °C 1o about -10 °C, or about -10 °C to about
0 °C. In at least an embodiment, the condenser can reduce the temperature of the compressed
purge gas using a refrigeration sysiem or integrated letdown system. The condensers can be
or include any svstem, device, or combination of systems and/or devices suitable for separating
gas from higuids. For example, the condensers can be or include one or more flash tanks,
distillation colummns, fractionation columns, divided wall columns, or any combination thereof,
The condensers can contain one or more iniernal structures including trays, random packing
elements such as rings or saddles, structured packing, or any combination thereof The
condensers can be or include an open column without intemnals. The condensers can be a
partially empty column containing one or more internal structares. Without being bound by
theory, due to the use of ethane, a disttllation colurmn, fractionation colurnn, or condenser roay
be used to separate hvdrocarbons without the need for a crvogenic distillation, pressure swing
adsorption, or membrane technology which can reduce processing costs during gas-phase
polymerization reactions.

[6062] The gas product of the condenser is reintroduced to the interchanger, which may

recycle the gas product for the gas-phase polvmerization reaction. The gas product in line can
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be at a temperature of abowt =30 °C {0 about -10 °C, e g, about -30 °C to about -25 °C, about -
25 7 to about -20 °C, about 20 °C o about -15 °C, or about -15 °C i about -10 °C.

[(3063] The condensed product of the condenser can include one or more of the heavier
hvdrocarbons contained in the purge gas vent stream in line 184, For example, when the purge
2as vent stream in line 184 containg ethvlene and one or more comonomers such as butene,
hexene, and/or octene, the major componeni(s) of the condensed flurds of the condenser can
include the one or morg comonomers. As used herein, the term “major component” refers to a
component of composition that is present in the composition in more than frace amounis, e.g.,
greater than 100 parts per million (ppm). When the purge gas vent stream in Hine 184 contains
ethvlene and one or more inert hydrocarbons, e.g., solvents, diluents, or induced condensing
agents (YCAS), such as propane, bulane, pentane, hexane, and/or octane, the major
component{s) of the condensed fluids of the condenser can be the inert hydrocarbons. In
another example, when the purge gas vent siream in line 184 contains ethylene, one or more
comonomers, and one or more inert hydrocarbons, the major componeni(s} of the condensed
fluids of the condenser can be the comonomer(s) and the inert hydrocarbons.

|3064] Depending, at least in part. on the particular composition of the purge gas vent
streary in line 184, the composition of the condensed fluids in the condenser can widely vary.
When the purge gas product contains ert hydrocarbons, e.g., iso-pentane, the conceniration
of the inert hydrocarbons can range from a low of abowut 20 wi %, about 25 wt %, or about 30
wi 9% to a high of about 60 wi %, about 70 wi %, about 80 wi %, about 90 wt %, or about 95
wi %. When the purge gas product contains coraonomers. the concentration of cornonomers,
e.g.. butene, hexene, and/or octene. can range from a low of about 10 wt %, about 20 wi %6, or
about 30 wi % 1o a high of about 40 wit %, about 50 wi %, about 60 wi %, abmst 70 wi Y%, about
80wt %, about 90 wi %, or about 95 wi %.

[B065] All or a portion of the condensed fhud of the condenser can be recyeled to the
polvmerization reactor 101, The condensed fluid recovered from the condenser can be recycled
via line 188 o the polymerization reactor and/or introduced to the cvele fluid lines 115, not
shows.

[6066] The gas product of the condenser may be recycled back o the interchanger. The gas
product of the condenser may be recycled and mixed with the makeup gas 186 to provide a
fresh makeup gas that may assist in additional cooling of the compressed purge gas that enters
the interchanger. The interchanger may divert the gas product of the condenser 10 retum {o the
water cooler. Alternatively, the interchanger may direct the gas product of the condenser to be

sent to line 184 where it may be recycled via line 196 or vented or flared via line 194. For
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example, all or a portion of the gas product via line 188 can be vented, flared, combusted to
generate heat, or otherwise disposed via line 194, Moreover, the use of ethane having a higher
heating value than nitrogen may result in a more efficient energy production of the {lare that
mav be used for heating a subsequent or alternative process, ¢ g.. an olefins processing plant
for producing olefing or polymerizing olefins.

60671 The amount of the gas product via line 194 removed from the polvmerization
systern 100 can range from about 0% v/v to about 10% v/v of the gas product via hne 188, e g,
about 0% v/v to about 3% v/v, about 3% v/v 1o about 6% v/v. about 6% v/v to about 9% v/v,
or about 5% v/v to about 10% viv. At times 100% v/v of the gas product in line 188 can be
recycled via line 188 to the polvmerization reactor 101, In another exarople, all or a portion of
the gas product in line 188 can be vented to flare or an integrated olefins plant via line 194
Finishing Svstem

[6668] A gas-phase polvmerization system of the present disclosure includes a polyvmer
finmishing systern. Now referring to FIG. 2, a fimishing system 199 1 shown. A finishing system
199 receives a polyvmer product from the convey line 198, As shown in FIG. 2. the convey lime
can pass through one or more pieces of finushing equipment (e.z., screener 202, feed bin 206,
extruder 212, and collector 218} Conceptually, this entire path could be considered a single
convey ling, or, equivalently, a sertes of convey hines hetween each piece of equipment. As
labeled in FIG. 2 for ease of distinction, multiple serial ines are shown ags the convey line (that
is, lines 198, 203, 207, and 217 as shown in FIG. 2 together make up the convey line for
conveying product through the series of fmshing equiproent). Thus, n reference (o FIG 2, a
specific line or segment of convey line mav be referenced (e g . hines 19¥, 203, 207, or 217}
and on the other hand, in discussion of various embodiments, a “convey ling” or locations along
a “convey line” may be referenced. | should be undersicod that any reference to “convey line”™
generally, unless expressly indicated otherwise, canrefer to the pathway generally comprising
lines 198 o0 203 to 207 t0 217 as shown in FIG. 2. fracing the pathway of polymer product
through the various pieces of finishing equipment 202, 206, 212, 218, eic. Thus, a location
along the “convey line” can mean, with reference to FIG. 2, alocation along any of hnes 198,
203, 207, or 217, although m some wnstances locations are speafically called out with reference
10 a particular line or segment {198, 203, 207, or 217, respectively) of the broader convey line.
Morsover, a location referenced as “downstream™ from another location or componsnt means
that such downsiream location s further along the flow path as illustrated in FIG 2: for

example, the convey ling 217 15 downstream of line 207, which in tum is downstream of line
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203, which in turn is downstream of line 198. Conversely, line 198 is “upstream™ of line 203,
ete.

[3069] Retuming now to FIG. 2, the convey hne 198 transfers the polvmer product to a
screener 202, The screener 202 mayv include a size separator suttable for one or more of sieving,
sifting, filtering, and/or seregning the polvmer product. In at least one embodiment, the screener
202 may size separate a polvmer product having polymer particles having a particle diameter
of about 0.5 mum to about 10 am, ¢ g, about 0.5 mm to about 1 mum, about I mm to about 2
mim, about 2 mm 1o about 3 mum. about 3 mm to about 4 mm, about 4 nmun 1o about 3 mmn, about
S mm to about 6 mm, about & mm to about 7 mm, about 7 mm to about § mim, about § v to
about 9 own, or about 9 ram to about 10 mm.

(G078 I at least one embodiment, the finishing system 199 may include a first sensor 204
at a first location of the convey line 198, e g.. at the screener 202 (as shown in FIG. 2), fluidly
coupled by a line 205 A first sensor 204 may include anv sensor suitable for detecting low
molecular weight compounds, e.g., a mass spectrometer such as a gas chromaiography-mass
spectrometer. The first sensor 204 can be integrated with the first location of the convey line
198). For example, the first sensor 204 can be external to the first location of the convey line
and a portion of the fhind can be extracted trom the convey hine and analvzed by the first sensor
204 (either ondine, via a ine such as ine 208 as shown n FIG 2; or offline, such as by sampling
the fluid and analyzing # with the separate sensor). As another example, the first sensor 204
can be integrated in or with the screener 202, as shown in FIG. 2 (with fluid communication
via line 208). Also, or instead, the first sensor 204 can be off-line to the scresner 202. The first
sensor 204 may analvze a first non-polvmer component contend. €.g. a hvdrocarbon content,
of the polvmer product at that location of the finishing system. For example. the first sensor
204 may determine a first hy drocarbon content of the first location to be about 30 ppm to about
300 ppmw per pound of polymer product of ine 203, e.g., about 30 ppmw per pound of
pobymer product to about 530 ppmw per pound of polymer product, about 50 ppmw per pound
of polvmer product to about 70 ppmw per pound of polvmer product, about 70 ppmw per pound
of polvmer product to about 80 ppmw per pound of polymier product, about 30 pprow per pound
of polvmer product to about 1060 ppmw per pound of polvmer product, about 100 pprow per
pound of polvmer product to about 120 ppmw per pound of polymer product, about 120 ppmw
per pound of polymer product to about 140 ppmw per pound of polvmer product, about 140
ppmw per pound of polyvmer product {o about 160 ppmw per pound of polymer product, about
160 pprow per pound of polvmer product to about 180 ppmw per pound of polvmer product,

about 180 ppmw per pound of polvmer product to about 200 ppmw per pound of polvmer
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product, about 200 ppmw per pound of polymer product to about 220 ppmw per pound of
polymer product, about 220 ppmw per pound of polymer product (o about 240 ppmw per pound
of polvmer product, about 240 ppmw per pound of polvroer product to about 260 ppmw per
pound of polvmer product, about 260 ppmw per pound of polymer product to about 280 ppraw
per pound of polvmer product, or about 280 ppmw per pound of polymer product to about 360
ppmw per pound of polymer product.

[6071] The convey line 203 may convey the size separated polymer product to a feed bin
206. The feed bin 206 includes a container and/or tank. The feed bin 206 mav have a volume
of about 300 m’ to about 700 m°, e.g.. about 300 ¥ 1o about 400 m?, about 400 m? (o about
600 m°, or about 600 m” to about 700 . Optionally, the feed bin 206 may be configured to
receive the separated polymer product from the convey hine 203 from a topmost section of the
feed bin 206. The separated polymer product may then {8ll to a lower section of the feed bin
206 by gravity.

(66721 In at least one embodiment, a first removal or recovery line 208 1s disposed off the
feed bin 206 along line 208. The first recovery line 208 may capture and remove from the
system 199 one or more non-poly mer components, ¢.g¢., hvdrocarbons such as VOCs, emitted
trom the separated polvimer product. For example, the first recovery ling may remove about 10
ppm to about 300 pprow of non-polvimer component{s) per pound of polvmer product of line
203, ez, about 10 ppmw per pound of polymer product to about 50 ppmw per pound of
polymer product, about 30 ppmw per pound of polymer product to about 70 ppomw per pound
of polvmer product, about 70 ppmw per pound of polvmer product 1o about 80 ppmw per pound
of polvmer product. about 0 pprow per pound of polvmer product to about 100 ppmw per
pound of polymer product, about 100 ppmw per pound of polvmer product to about 120 ppmiw
per pound of polymer product, about 120 ppmw per pound of polymer product {0 about 140
ppmw per pound of polymer product, about 140 ppmw per pound of polvmer product (o about
160 ppmw per pound of polvmer product, about 160 ppmw per pound of polymer product to
about 180 ppmw per pound of polymer product, about 180 ppmw per pound of polvmer product
o about 200 ppmw per pound of polymer produci, about 200 ppmw per pound of polymer
product to about 220 pprow per pound of polymer product, about 220 ppmw per pound of
polymer product to abmi 240 ppraw per pound of polymer product, about 240 ppmw per pound
of polvmer product io about 260 ppmw per pound of polymer product, about 260 ppmw per
pounnd of polvmer product to about 280 ppmw per pound of polvimer product, or about 280

ppmw per pound of polymer product to about 300 ppmw per pound of polymer product.
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3073 The removal effected by the first recovery ling 208 may include conveying the one
or more non-polymer components, 2.2., hydrocarbons such as VOUCs, (optionally together with
an oxudizing agent, such as air) 1o a condrol device (shown in FIG. 2 as thermal oxidizer 209);
noting that in general a conirol device can include one or more of a flare, an oxidizer {22, a
regenerative thermal oxidizer (RTO) or flameless thermal oxidizer (FT(), and/or boiler (not
shown} where the one or more hydrocarbons are converted {0 a conversion product comprising
CO; and H20. The conversion product, ¢.g.. £02 and Hz(, may then be released to atmosphere
or flared. Without being bound by theory, bv converting the one or more non-polvimer
components, e.g., hydrocarbons such as VOUCs, in the first recovery line 208, a reduction of
hydrocarbons being emitted to atmosphere may occur. 1t may be particularly advantageous io
locate a control device {g.g., thermal oxadizer 209} at or along this stage of the finishing system
199 {or, more generally, 1o locate a control device at a location of the finishing svstem 199 that
is between the first sensor 204 and the second sensor 210 (discussed 1o more detail below)).
(60741 In at least one embodiment, a thermal oxidizer 209 may include a containment
vessel housing a matnx bed of inert, refractive media, such as ceramic balls or saddles, and a
diptube assembly at least partially postiioned within the matrix bed. The dipiube assembly
ncludes a fuel conduit for carrving fuel af least parnally positioned within the matnix bed: an
oxidizing agent conduit for carrving oxidizing agent at least partially positionad within the
mainx bed and at least one mixing conduit at least partially positioned within the matrix bed
and configured to recetve and combine fuel from the fuel conduit and oxidizing agent from the
oxidizing ageni conduit and to deliver the combination of fuel and oxidizing agent into the
matrix bed of media. Examples of thermal oxidizers and/or boiler unuis are disclosed in US
Patent Publication Nos. 2011/0283991, 2014/0283812, and 2017/0333839, incorporated herein
by reference. In at least one embodiment, the thermal oxidizer 209 may include a flameless
thermal oxidizer or a regenerative thermal oxidizer. For exarople. the thermal oxadizer 209 may
inclhude a flameless thermal oxidizer. Without being bound by theorv, a flameless thermal
oxidizer may reduce operation costs as the flameless thermal oxidizer mcorporates air to the
thermal oxtdizer as opposed (o natural gas in the regenerative thermal oxidizer, in which air
can be less expensive than natural gas.

[6375] When used in processes of the present disclosure, the thermal oxidizer 209 and/or
boiler feed tvpically comprises a primary fuel streams, a combustion air stream as the oxidizing
agent and, in some cases, the stream from the first recovery line 208 (.2, as shown in FIG. 2},
These streams all nux together i the dip tube to form the total combined-feed stream. The

thermal oxidizer 209 and/or boiler (not shown) controls combustion air and/or non-polvmer
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components, e.g., hydrocarbons such as VOCUs, by adjusting one or more of a flow rate,
concentration, or volume of fluid supplied to the thermal oxidizer 209 and/or boller (not
shown). focreased air lowers the heating value, and increased hydrocarbons increases the
heating value Generally, the thermal oxidizers are adjusted so that the total combined-feed
heating value to the matrix bed of the thermal oxidirzer onit is about 80% of the Lower
Flammabiiity Limit {LFL), which s defined as the fower end of the concentration range over
which a flammable mixture of gas or vapor in air can be ignited at a given temperature and
pressure. Accordingly, the thermal oxidizer may oxidize a flammable mixture of gas or vapor
below the lower flammability it

[B076] Optionally, a stream from the feed bin 206 may be extracted and compressed in a
recovery gas compressor 211 {as shown in FIG. 2} before being supplied to a thermal oxidizer
209 and/or boiler (not shown}. A portion of the recovery gas compressor discharge may then
be removed and recycled back to the suction side of the recovery gas compressor 211,
optionally through a cooler {not shown 10 FIG 2). By adjusting the recycle flow, for example,
by means of a pressure controller, the compressor discharge can be maintained at a constant
presswre despite pressure Huctuations in the feed to the compressor 211,

{38771 In at least one embodiument, the finishing svstem (99 may include a second sensor

-t
I
i

210 at a second location of the convey line 207 e.g., at a Tower section of the feed bin 206,
fhuidly coupled via hine 213. The second sensor 210 may analvze a second non-polymer
component content, e g, hydrocarbon content, of the finishing svstem 199. For example, the
second sensor 210 may determane a second hydrocarbon content at the second location 1o be
about 7 pprw per pound of polymer product to aboui 30 p ppmaw per pound of polyimer product
of line 207, e.g., about 7 ppmw per pound of polyvmer product to about 10 ppmw per pound of
polymer product, about 10 ppmw per pound of polymer produet to about 20 ppmw per pound
of polymer product, or about 20 pprow per pound of polymer product 1o about 30 ppmw per
pound of polymer product. The second sensor 210 mayv mclude anv sensor suitable for detecting
low molecular weight compounds, e g., a mass spectrometer such as a gas chromatography-
mass spectrometer. In at least one embodiment, the second sensor 210 is integraied n or with
the convey line 207. o atleast one embodiment, the second sensor 2101s external to the convey
{ine 207 and a portion of the fluid is extracted from the convey hine 207 and analvzed bv the
second sensor 210 (etther online, via a line such as line 213 as shown in FIG. 2; or offline.
such as by sampling the fluid and analyzing it with the separate sensor). In ai least one

embodiment, the second sensor 210 1s off-line to the convey line 207,
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|3078] The convey line 207 transfers the separated polymer product from the lower section
of the feed bin 206 to an extruder 212, An extruder 212 can include a vertical pellet mull, a
horizontal pellet mill, a briguetter, a dual roll briquetier, a rolling mull, and/or an extruder {e.g ,
twin screw extruder {which can be combined with an underwater pelletizer, which will extrude
with pressure and without substantial {e.g.. complete} melting of the polymer through a
capiflary}. Asthe pelvmer product flows through a capallary, it can be cul or broken to a desired
shape. Such processes are designed to compact the product without fully melting the solid.
Briquetting machines may also be used to compact the product into a shape directly without
flow through a capillarv. Tn some cases, the outside surface of a pellet or briguette may be
subjected to sintering to increase the strength and reduce the brittleness of the pellet/briquette.
A briquette can be larger than a peliet. In some embodiments, a briquette or peliet of the present
disclosure can be about 4 mun diameter by 4 mm length +/- 30%. In some embodiments, a
pellet has a diameter of aboutl 2.6 mm (o about 4.5 mm. In some embodiments, a pellet has a
length of about 2 vy to about 8 mm.

|07 In at least one embodiment, the extruder 212 may operate at a temperature of less
than about 116 °C, such as about 70 °C to about 110 °C, such as about 80 °C to about 100 °C.
In at feast one embodiment, the extruder 212 may operate at a pressure of up to about 23,004
pounds per square inch {psi), e 2, about O pst to about 160 ps, about 100 psi 1o about 200 psi,
about 200 psi {o about 300 psi, about 300 psi to about 400 psi, about 400 psi to about 500 psi,
about 500 psi to abowt 1,600 pst, about 1,000 psi to abowt 5,000 psi, about 5,808 psi to about
10,000 psi, about 10.000 psi to about 15,000 psi, about 15,000 psi {0 about 20,000 psi, or aboui
20,000 ps1 1o about 25,000 psi.

|3089] In at feast ong embodiment, 3 second removal or recovery line 2135 is disposed off
of feed line 207 to extruder 212 {(not shown) or it may be disposed along and/or fluidly coupled
to the extruder 212 {as shown in FIG. 2). The second recovery ling 213 may capture and remove
from the system one or more non-polymer components, e.g., hvdrocarbons, enmutied from the
separated product. For exampie, the second recovery ling 215 may remove about 6.1 ppmw of
non-polvmer component{s) per pound of polymer product to about 20 ppmw per pound of
polymer product of line 213, e g, about 0.1 ppmw per pound of polymer product to about 1
pomw per pound of polvimer product, about 1 pprow per pownd of polvmer product to about 5
ppmw per pound of polymer product, about 5 ppmw per pound of polvmer product to about 10
ppmw per pound of polvmer product, about 10 ppow per pound of polymer product (o about
15 ppmw per pound of polymer product, or about 15 ppmw per pound of polymer product to

about 20 ppmw per pound of polvmer product. The second recovery line 215 may convey the
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one or more hydrocarbong {optionally together with an oxidizing agent, such as air} o a conirol
svstemy, such as a flare, a thermal oxtdizer {eg., Hameless thermal oxidizer (FT0) or
regenerative thermal oxidizer (RTO)), and/or botler where the one or more hydrocarbons are
converted to CO» and Hy(, as described above. For instance, removal or recovery line 215 15
shown feeding into a control system (thermal oxidizer 214} in FIG 2. Without being bound by
theory, by converting the one ormore hydrocasrbons in the second recovery Hne 215 a reduction
of hydrocarbons being emitted (o atmosphere may occur. more particularly, the second
recovery line 215 may convev the one or more hydrocarbons {optionally together with an
oxidizing agent, such as air) to a thermal oxidizer 214 and/or boiler {not shown} where the one
ot more hvdrocarbons are converted to COz and HaO, as desceribed above. Without being bound
by theory. by converting the one or wmore hydrocarbons in the second recovery line 215, a
reduction and/or ehimination of hvdrocarbons being emitted to atmosphere mayv oceur.

[608%] Iir at least one embodiment, the fimashing svstem 199 may imclode a third sensor 216
at g third location of the convey Iine 217 e g, at the outlet of the exiruder 212, or along the
convey line 217 exiting the extruder {as shown in FIG 2, fluidly coupled via line 219). The
third sensor 216 mayv analyze a third non-polvmer component content, ¢.g. hvdrocarbon
content, of the fimishing svstem 199 at hine 217, For example. the third sensor 216 may
determine a third hvdrocarbon coutent at the third location (o be about S ppmw per pound of
polymer product to about 30 ppmw per pound of polymer product, e g., about 5 ppmw per
pound of poiymer product to abowt 10 ppmw per pound of polymer product, about 10 ppmw
per pound of polvmer product to about 20 ppmyw per pound of polymer product. or about 20
ppmw per pound of polvmer product to about 30 ppmw per pound of polvmer product.

[0082] The third sensor 216 may include any sensor suitable for detecting low molecular
weight compounds, e.g, a mass spectrometer such as a gas chromatography-mass
spectrometer. In at least one embodiment, the third sensor 216 is integrated with the extruder
212, In at least one embodiment, the third sensor 216 15 external to the extruder 212 and a
portion of the fluid is extracted from the extruder 212 and analyrzed by the third sensor 216
{(either online, via a line such as line 219 as shown in FIG. 2; or offline, such as by sampling
the fluid and analyzing i with the separate sensor). In at least one embodiment. the third sensor
216 15 integrated in the extruder 212 In at least one embodiment. the thivd sensor 216 5 off-
line to the extruder 212, Alternatively, or in addition, the third sensor 216 can be integrated
mito the convey line 217 exiting the extruder; or can be extemal to the convey line 217 but
fluidly coupled (e g.. via a line 212 as is shown m FIG. 2); and/or the third sensor 216 can be

offline to the exiruder 212 and convey line 217,
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|G083] The convey line 217 transfers the extruded polymer product to a collector 218, The
collector 218 may include a container and/or tank suitable for holding a volume of the extraded
polymer pellets/briqueties. o at 1east one ermbodiment, the collector 218 may collect polvimer
product having a bulk density of about 500 kg/m" to about 600 kg/nt’, e.g. about 500 kg/m” to
about 520 kg/m®, about 520 kg/m” to about 540 kg/m’, about 540 kg/m’ 1o about 560 kg/m®,
about 560 kg/m® 1o about 380 kg/m’, or about 580 kg/m® {o about 600 kg/m’. In at least one
embodiment, the collector 218 may collect polymer product having a particle diameter of about
0.5 mm to about 10 mm. e.g., about 0.5 mm to about | mm, about I mum to about 2 mm. about
2 mm to about 3 mum, about 3 mm to about 4 mm, abowt 4 mm to about 5 mmy, about S mm o

-
I
7

about 6 mm, about 6 nun 1o about 7 mum, about 7 mm fo gbout 8 mm, about 8 mm to about ¥
mm, or about 9 num to about 10 nun. In at least one embodiment, the collector 218 may be
configured 1o receive the extruded polymer product where a fourth sensor 220, fluidly coupied
via line 222, at a fourth location, e.g., the collector 218, way analyze the extraded polvrmer
product tor a fourth non-polymer component content, e g, a hydrocarbon content. The fourth
sensor 220 may analyze a fourth hydrocarbon content of the finishing system 199, For example,
the fourth sensor 220 may determine a fourth hvdrocarbon content at the {fourth location to be
about 8 ppmw per pound of polvimer product to about 20 pprow per pound of polymer product
of line 217, e.g., about § ppmw per pound of polymer product to about 5 pprow per pound of
polymer product, about 5 ppmw per pound of polymer product to about 10 ppmw per pound of
polymer product, about 10 ppmw per pound of polymer product to about 15 ppomw per pound
of polymer product, or about 15 pprvow per pound of polymer product 1o about 20 pprow per
pound of polvmer product. The fourth sensor 220 may mclude anv sensor suitable for detecting
fow molecular weight compounds, e.g. a mass spectrometer such as a gas chromatography -
mass spectromeder. In at least one embodiment, the fourth sensor 220 15 imtegrated with the
collector 218, or is in fluid communication with it {e.z., via line 222 as shown in FIG. 2). As
another example, the fourth sensor 220 can be external to the collector 218 and a portion of the
fluid can be exiracied from the collecior 218 and analyzed by the fourth sensor 220 (either
online, via a ling such as line 222; or offline, such as by sampling the fluid and analyazing i
with the separale sensor}. fo at least one embodiment, the {ourth sensor 220 15 1nlegraied n the
collector 218, In at least one embodiment, the fourth sensor 220 is oft-lme to the collector 218
[3084] In at least one embodiment. a third recovery line 224 is disposed on the collector
218 The third recovery line 224 may captare and remove from the systern one or more non-
polymer components, ¢.g.. hydrocarbons, emitted from the extruded product. For example. the

third recovery hing 224 may remove about 0.1 ppmw of non-polvmer component{(s} per pound
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of polvmer product o about 20 ppmw per pound of pelvmer product of line 217, e.g., about
(1 ppmw per pound of polymer product 1o about 1 pprmw per pound of polymer product, about
I pprow per pound of polvimer product to about 5 ppmw per pound of polymer product. about
5 ppmw per pound of polymer product to about 10 ppmw per pound of polymer product, about
10 ppiow per pound of polymer product to about 15 ppmw per pound of polymer product, or
about 15 ppmw per pound of polymer product to about 20 ppmw per pound of polymer product.
The third recovery line 224 may convey the one or more hydrocarbons {optionally together
with an oxidizing agent, such as air) 1o a thermal oxidizer 226 and/or botler {(not shown) where
the one or more hydrocarbons are converled to CO» and Ha(, as described above. Without
being bound by theorv, by converting the one ot more hydrocarbons in the third recovery line
224 a reduction and/or elimination of hydrocarbons being emutted to atmosphere may occur,
[0085] While exemplary locations of the first sensor 204, the second sensor 210, the third
sensor 216, and the fourth sensor 220 have been show, any number of sensors may be located
m any position along the finishing svstern 200, as described herem.

Catalvst Systems

|3086] The term “catalyst sysitemy” includes at least one “catalyst component,” at least one
“activator,” and an optional support material. The catalyst svstem can also include other
components, such as the catalvst coraponent and/or activater alone or i combination. The
catalyst syvstem can include anv number of catalyst components in anv combination as
described, as well as any activator in any combination as described.

[G087] The term “catalyst component” or “catalyst compound”™ includes any compound
thai, once appropriaiely activated, is capable of caalyzing the polymerization or
oligomerization of olefins. The catalvst component may include at least one Group 3 to Group
12 atom and optionaily at least one lsaving group bound thereto. The term “leaving group”
refers to one or more chemical moieties bound to the metal center of the catalvst component
that can be abstracted from the catalyst component by an activator, thereby producing the
species active towards olefin polvmenization or oligomerization.  Suitable activators are
described in detail below.

[3088] As used herein, in reference {0 Periodic Table “Groups™ of Elemenis, the “new”
numbering scheme for the Periodic Table Groups are used as i the CRC Handbook of
Chemistry and Physics (David R Lide, ed., CRC Press @l1st ed. 2000).

[30&E9] Suitable metallocene catalvst compounds can include metallocenes described in
U.S Pat Nos.: 7.179.876, 7.169.864: 7,157,531 7.129,302: 6,995 109; 6,938,306: 6.884748;
6.689 847: 5.026.798; 5,703,187 5.747.406; 6,069.213: 7.244,795: 7.570.415; U.S. Patent
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Application Publication No. 2007/0053028; and WO Publications WO 97/22635, WO
(0/699/22; WG 01730860, WO 01/30861, W 02/46246, W 02/50088, WO 04/022230, WO
04/026921; and WO 06/019494,

[G036) As used herein, the terms “activator” refers to any compound or combination of
compounds, supported or unsupported, which can activats a catalyst compound or component,
such as by creating a cationic species of the catalvst component. For exarople, this can inchude
the abstraction of at least one leaving group (the "X group in the single site catalvst
compounds described herein} from the metal center of the catalyst compound/component.
Activators can mclude Lewis acide such as cyclic or oligomeric polvthydrocarbylaluminam
oxides) and so called non-coordinating activators {"NCA”) (altemately, “ionizing activators”
or “stoichiometric activators™ ), or any other compownd that can convert a neutral metallocene
catalyst component to a metalfocene cation that is active with respect to olefin polymerization.
Blustrative Lewis acids mclude aluminoxane (e.g., methvialuminoxane “MAQ™), modified
alumunoxane (e.g , modified methylaluminovane “MMAQ” and/or tetraisobuty ldialuminoxane
“TIBAQT), and alkylaluminum compounds. lonizing activators (neutral or ionic) such as
{n-butvBammonium tetrakis(pentafluorophenyliboron may be also be used  Further, a
trispertluorophenyl boron metallowd precursor may beused. Anv of those activators/precursors
can be used alone or in combination with the others. There are a vanety of methods for
preparing aluminoxane and modified aluminoxanes known in the ast.

6091 The catalyst composttions can inchude a support material or carnier. As used herein,
the terms “support” and “carner” are used interchangeably and are any support matenal,
mchuding a porous support matenal, for example. talc. inorganic oxides, and morganic
chlorides. The catalyst componeni(s) and/or activator{s} can be deposited on, contacted with,
vaporized with, bonded to, or incorporated within, adsorbed or absorbed in, or on, one or more
supports or carriers. Other support materials can mclude resinous support matenals such as
polvstyrene, functionalized or crosshinked organic supporis, such as polvstyrene divinyl
benzene polvolefins or polymeric compounds, reolites, clavs, or any other organic or inorganic
support material and the like, or mixtures thereof.

[6092] Inorganic oxides supports can include Group 2. 3, 4, 5, 13 or 14 metal oxides.
Exemplary supports include sifica, which may or may not be dehy drated, fumed silica, alumina,
silica-alumina and mixtures thereof Other usefid supports include magnesia, titania, zirconia,
magnesium chloride, montroorillonite, phyllosilicate, rechites, tale, clavs, and the hke. Also,

combinations of these support materials may be used, for example, silica-chromium, silica-
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alumina, silica-titania and the like. Additional support materials may include those porous
acrvlic polymers described in EP 0 767 184, which is incorporated herein by reference.

[3333] The polvmer produci(s) produced in the reactor can be or include any type of
poivmer or polvmeric material. For example, the polymer product can include homopolymers
of olefing {e.g., homopolymers of ethvlene}, and/or copolymers, terpolymers. and the like of
olefins, particudarly ethylene, and af least one other olefin.  IHustrative polvmers can include
polyolefins, polyamides, polvesters, polvearbonates, polysulfones, polvacetals. polviactones,
acrvionitriie-butadiene-stvrene polvmers, polvphenviene oxide, polyphenyviene sulfide.
styrene-acrylonitriie polvimers, styrene maleic anhvdride, polvimides, aromatic polyketones, or
mixtures of two or more of the above. Suitable polvolefins can include polymers comprising
one or more kinear, branched or cyclic € 1o Cy olefins, such as polymers comprising propylene
copolymerized with one of more Cs 10 Cuo olefing, such as a Cs to Uy alpha olefin, more such
as O3 1o Cuo alpha-olefins.  Exemplary polvolefing inchide polymers comprising ethylene
mcluding ethylene copolvmenzed with a Cs 1o Cy olelin, such as a Ca to Cyo alpha olefin, more
such as propylenc and or butene.

Polvmer Products

[6094] Example polymers include homopolymers or copolymers of Oy to Cae olefing, such
as Cz to Cop olefins, such as a copolymer of an alpha-olefin and another olefin or alpha-olefin
{ethvlene 1s defined to be an alpha-olefin for purposes of this disclosure). The polvmers may
be or include homopolyethylene, homopolypropyiene, propylene copolymerized with ethylene
and or butene, ethvlene copolymerized with one or more of propylene, butene or hexene, and
optional dienes.  Examples joclude thermoplastic polvmers such as ulira low density
polvethyvlene, very low denstty polvethviene ("VLDPE™). linear low density polyethviene
(“LLDPE"Y, low density polyethvlene ("LDPE™), medium densily polvethviene ("MDPE™},
high density polvethylene CHDPE?), polvpropylene, isotactic polvpropylene, highly 1sotactic
polypropvlene, syndiotactic polypropyiene, random copoelvmer of propyiene and cthylene
and/or butene and/or hexene, elastomers such as ethyiene propylens rubber, ethviene propylene
diene monomer rubber, neoprene, and blends of thermoplastic polvmers and elastomers, such
as for example, thermoplastic elastomers and rubber toughened plastics.

[09S] Polyethyviene polymers produced in a gas phase polymerization process are
characterized by a number of parameters, including density, melt index (Iz}. high ioad melt
wndex (I or HLMI), melt index ratio (MIR), number average molecular weight {(My), weight
average molecular weight (My), Z-average molecular weight (M.}, molecular weight
distribution (Mw/M, or MWD), the ratio of the Z-average molecular weight to the weight
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average molecular weight (M,/My ), composition distribution melt index, and branching index
{g"). These parameiers are related to physical characteristics of polymer chains, imcluding
lengths of polymer chains, distribution of lengths of polyroer chains, comonowmer disirtbution
among and along polymer chains, and length and number of branches on polvmer chains.
These physical characteristics of polymer chains lead to different mechanical properties that
make different polyethyiene polymers suitable for a broad range of end-use apphications.
[6096] Polymerization conditions in a fluidized bed in a polvmernization reaction zone can
be controlled both to produce polyethviene polymers having a desired combination of
parameters and to maintain the stability of polymerization reaction in a gas phase reactor. Such
polymerization conditions include reactor temperature, reactor pressure, ethylene monomer
feed rate, comonomer type and feed rate. catalvst type and feed rate, comonomer-to-cthylene
ratio, rate of addition of hvdrogen, an amount of one or more induced condensing agents, an
amouwnt of one or more continuity additives, and delta melt nitiation temperature (dMIT,; see
U8, Pat. No. 7.683,140, the contenis of which are fullv mcorporated by veference herein}
(G097 Polyethviene producers typically identify each polyethylene polymer having a
particular set of properties by a grade name and/or mumber. Density and meli index () are
generally key pararseters assoctated with each polyethviene polvmer grade. For the producer,
each such polvethylene polvmer grade 1¢ associated with a particular set of polymerization
conditions.

EXAMPLES

Example |

(098] A convey line was analyzed m a gas-phase polvmerization svstem to determine an
amount of hydrocarbons at a first location, third location, and fowrth location. A first and second
sample {example 1-1 and 1-2, respectively) was taken from the convey hne and placed in a
sealed vial, where the conditions associated with the first sample ocluded a steam purge bin
operated at 80% of the predetermined set point, and the second sample conditions included a
steam purge bin operated at 110%-125% of the predetermined set point. The sealed vial was
then weighed before and afler being connected 1o a gas chromatograph. The oven of the gas
chromatograph healed the sample vial, resulting in the vaponzation of dissolved components
which were then directed to the gas chromatograph. The difference in the sample vial mass
before and after heating was determined and a weight percent of the volatilized components in
the sample was calculated. The hydrocarbon concentrations al the {irst location {(e.g., the
intersection of line 205 and the screener 202, corresponding o sensor 204 as depicted in FIG.

23, third location {e.g., the extruder 212 and ling 2135, corresponding to sensor 214 as depicied
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i FIG. 23, and fowrth location {e.g, the intersection of the collector 218 and line 222,
corresponding o sensor 220 as depicted 1in FIG. 2) reduced along each subsequent location, as
shown below in Table 1. This mdicated that under either operating condition. the system
experienced a loss of VOUs to atmosphere when progressing gases through the convev line.

Table 1.

Example First Third Faurth Third lecation -
Location Lecation Location Fourth Location

1-1 47 ppm 26 ppio 17 ppm 9 ppm

1-2 39 ppm 19 ppm I} ppm 8 ppm

[3099) A convev hine was analyzed in a gas-phase polvmerization system to determine an
amount of hydrocarbons at a first location, second location, third location, and fourth focation.
Results are shown below 1n Table 2. The average percent loss (% Loss) 1s relative o the

pl"QVi OUs measurement.

Table 2.
First Secoud Third Fourth Third lecation
Location | Lecation Location Location | — Fourth
Location
AVERAGE | N/A 35% 15% 25%
{% Loss)
Convey 41 ppm | 267 ppm 205 ppm 10.25 10.25 ppm
Line ppim

[GE06] The hydrocarbon concentrations at the first location {e. g, the intersection of line
20S and the screener 202, corresponding with sensor 204 as shown in FIG. 2}, second location,
{e.g., intersection of lines 207 and 213, corresponding with sensor 210 as shown i FIG. 2},
third location (e g., the extruder 212 and line 215, corresponding with sensor 214 as shown in
FIG. 2), and fourth location {c.g. the intersection of the collector 218 and line 222,
corresponding with sensor 220 as shown in FIG 2) reduced along sach subsequent location,
which indicated losses of VOUCs to atmosphere when progressing through the convey line, just
as in Example 1. Here, we also see that the biggesi loss occurred between ihe {irst location and
the second location. indicating that of the monitored locations, this first location (e 2., the most
upstream along the convev line) is the most effective location for offtake of VOUs for VOU
control {e.g., fAlare, recycle, or the hike} so as to achieve the greatest reduction of VOU venting

with a single offtake line.

220 .
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Example 3
[3101] A convey line was analyzed it a gas-phase polymerization system to determine an
amount of bydrocarbons at a first location {e.g.. the intersection of line 208 and the screener

202, corresponding with sensor 204 as shown in FIG. 2}, second location, {e. g, mtersection of

s

lines 207 and 213, corresponding with sensor 210 as shown m FIG. 2}, third location (e g, the
extruder 212 and lwe 215, corresponding with sensor 214 as shown in FIG. 2), and fourth
location (e g., the intersection of the collector 218 and line 222 corresponding with sensor 220
as shown m FIG 2). Additionally, a hvdrocarbon content m the first location {e.g.. the
mtersection of hine 205 and the screener 2023, second location, (e.g.. imtersection of lines 267
1w and 213), third location {e.g., the extruder 212 and line 215), and fourth location {2.g., the

mtersection of the collector 218 and line 222) was deternuned when using a first recovery line

{e.g.. ling 208), second recovery Hne (e g, line 215}, and/or third recovery line {e.g., line 224}

10 remove hvdrocarbons, e.g. VOCs, from the svstem. Results are shown below in Table 3.

Considering the mass balance, Table 3°s results at cach of the first, second, third, and fourth
15 locations, as described above, show that hydrocarbon is leaving the system through between
each respective sensor location, thereby proving the value of routing one or more recovery lines
to a control systern such as a flameless thermal oxidizer (FTO) or regenerative thermal oxidizer
(RTO). Indeed, these are the systems deploved as indicated i Table 3. with the differences

between each location indicating the level of hydrocarbon {(e.g., VOC) being destroved in the

o oxidizers.
Table 3.
Grade First Second Third Fourth Third
Laecation Location Location | Location location —

Fourth
Location

Sample | 119 s .2 6.71 it 6.71

{{lameless thermal

oxidizer}

Sample 2 Not 10.6 10.99 265 8.36

{regenerative Measured

thermal oxidizer)

Sample 3 1235 8 G0 815 { 815

{{lameless thermal

oxidizer}

Sample 4 Not 15.8 114 2.64 8.76

{regenerative Measured

thermal oxidizer)
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[3192] Overall, a reduction and/or elimination of volatile organic compounds being
emiited to atmosphere may occur through the use of one or more thermal osidizers. The
finishung svsterns provided can prevent one or more hvdrocarbons, e.g. volatile organic
compounds, from being emitied to atmosphere by recovering the hvdrocarbons in the convey
line and transmuittting them o a combustion and/or thermal oxidation svstem. The combustion
and/or thermal oxidation system may convert about 99.99% to about 99.9999% of the
hydrocarbons to CO: and H20. as compared to conventional finishing systems that allow the

YV OCs to be emitted to atmosphere.

EMBODIMENTS
[B183] The present disclosure provides, among others, the following embodiments, each

of which can be considered as optionally ncluding any alternate embodiments:

[G104] El. A method, including supplving a polymer product of a polymerization reactor
10 a purge bin, in which the polvimer product includes one or more non-polyimer components:
iransfernng the polvmer product to a screener; deternuning a first non-polymer component
content at a first location using a first sensor, in which the first location 1s disposed on a first
convey line downstream of the screener or is disposed on the screener; ransferring the polymer
product to a feed bin; removing a non-polymer component using a first recovery ling disposed
on or near the feed bin; and determining a second non-~polvimer component conient at a second
ipcation using a second sensor, in which the second location is disposed on a second convey
line downstream of the feed bin and upstream of an extruder.

[63105] E2Z The method of embodimemt El, in which the one or more non~-polvroer
components are selected from the group consisting of unreacted monomers, unreacted
comonomers, hydrogenated monomers, hydrogenated comonomers, impurities, catalviic
components, and combinations thereof

[B186] E3 The method of embodiment EX, m which the one or more non-polvmer
componenis includes a hvdrocarbon.

[B107] E4 The method of any one of embodiments E1-E4, further including producing an
extruded polymer product by transferring the polymer product {o the extruder from the feed
bin,

[3108] E5. The method of embodiment B4, further including determining a third non-
polymer component content at a third location using a third sensor.

[3109] E6. The method of embodiment S, in which the third location is disposed on a third

convey line downstream of the extruder and upstream of a collector.

PCT/US2024/057281
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3116 E7 The method of embodiment E6, further including determining a fourth non-
polymer component content at a fourth location using a fourth sensor, in which the fourth
location is disposed on the collector.

[611§] 8. The method of embodiment E7. in which the second non-polvmer componernt
content 1S lower than the first non-polymer component content; the third non-polvmer
component content is lower than the second novn-polymer component content; and the fourth
non-polvmer component content is lower than the third non-polymer component content.
[3112] E9. The method of anv one of embodiments, E1-ER, inn which the first recovery line
directs the non-polymer components 16 recycle or combustion.

[(3§13] E10. The method of embodiment E9, in which the first recovery line direcis the
non-polyimer components to combustion.

[G114] Ell. The method of embodiment E10, further including combusting the non-
polvmer components using a thermal oxidizer including a flameless thermal oxidizer or a
regenerative thermal oxidizer.

[(3115] E12. The method of embodiment E11, i which the thermal oxidizer includes a
fHameless thermal oxidizer.

[3316] E13 The method of any one of embodiments, BE1-E12Z, fhuther including removing
a non~-polymer component using a second recovery hine disposed on or near the extruder.
[6117] E14. The method of embodiment E13, further including removing a non-polymer
component using & third recovery line disposed on or near the coliector.

6118 E1S. The method of any one of embodiments EL-E15, 1 which the polymernization
reactor is a gas-phase polvmerization reactor.

16119] Ei16. A finishing svstem of a polymerization reactor, including a first convey line
Huidly coupled to an inlet of a screener; a second convey hine fludly coupled to an outlet of
the screener and an inlet of a feed bing a third convey line fluidly coupled to an outlet of the
feed bin and an inlet of an extruder;: a fourth convev line fluidly coupled to an outlet of the
exiruder and an infet of a collector, in which a first recovery line 15 fhudly coupled to the feed
bin, extruder, ot collector; and a {irst sensor fluidly coupled 1o a first location, second location,
or third ocation along the first convey line, the second convey lue, or the thard convey line.
(631201 E17. The finishing system of embodiment E16, in which the first recovery line is
Auidly coupled to the feed bin.

[3121] EI8. The finishing system of embodiment E16, in which the first recovery line 15

fluidly coupled to the extruder.

PCT/US2024/057281



WO 2025/136609

s

b
Py

25

j[3822] E19. The finishing system of embodiment E16, in which the first recovery line i
Huidly coupled to the collector.

[3423] E20. The fimishing system of any one of embodiments E16-E19, in which the first
sensor 15 disposed at the first location along the first convey line.

[8124] E21. The finishing system of embodiment E20, funther including a second sensor
disposed at the second location along the second convey line.

[3125] E22. The fimshing system of embodiment E21, further including a third sensor
disposed at the thurd location along the third convey line.

[(3126] E23 The finishing sysiem of embodiment E22, further including a fourth sensor
disposed at the fourth tocation along the fourth convey line.

[G127] Certain embodiments and features have begn described using a set of numerical
upper limits and a set of numerical lower limits. It should be appreciated that ranges including
the combination of any two values, e.g., the combination of any lower value with any upper
value, the combination of any two lower values, and/or the combination of any two upper
values are comiemplated unless otherwise mdicated. Certain lower limits, upper linuts and
ranges appear in one or more claims below. All numerical values are "about” or
"approximately” the ndicaled value, and take mto account expenimental error and vanations
that would he expected by a person having ordinary skill in the art

[6128] Al documents and references ciled hersin, including testing procedures,

publications, patents, journal articles, etc. are herein fudly incorporated by reference for all

Jurisdictions in which such mncorporation s permutted and to the extert such description is

consistent with the disclosure.
{129 Likewise, whenever a composition, an element or a group of efements is preceded

[

with the transitionad phrase “comprising”, it 15 enderstood that we also contemplate the same
composition or group of elements with transitional phrases “consisting essentially of”
“consisting of”, “selected from the group of consisting of.” or "is” preceding the recitation of
the composition, element, or elements and vice versa. The phrases, uniess otherwise specified,
“consists essentially of” and “consisting essentially of” do not exclude the presence of other
sieps, elermnents, or materials, whether or not, specifically mentioned in this speafication, so
tong as such steps, elements, or materials, do not affect the basic and novel characteristics of
the claimed disclosure, additionally. the phrases do not exclude impurities and vanances
normally associated with the elements and materials used.

[3136] While the claimed disclosure is described with respect 1o a number of embodiments

and examples, those skilled n the art, having benefit of this disclosure, will appreciate that

PCT/US2024/057281
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other embodiments can be devised which do not depart from the scope and spirit of the

disclosure.

- 34 -



WO 2025/136609 PCT/US2024/057281

CLAIMS

I. A method, comprising:

supplving a polvmer product of a polvmenzation reacior to a purge bin, wherein the polvmer
product comprises one or more non-polvimer components;

transferring the polymer product 1o a screener;

determining a first non-polyviner component conienl at a fivst location using a first sensor,
wherein the first location 15 downstream of the screener or s disposed on the screener,

transterring the polymer product to a feed bin;

removing a non-polymer component using a first recovery line disposed on or near the feed
bin; and

deternuning a second non-polvmer component content at a second location downstream of
the first location using a second sensor, wherein the second non-polvmer component content is lower

than the first non~-polyraer component content.

2. The method of claim 1. wherein the one or more non-polyiner componenis are selected from
the group consisting of wweacted monomers, unreacted comonomers, hydrogenated monomers,

hvdrogenated comonomers, impurities, catalvtic components, and combinations thereof

3. 'The method of claim 1, wherein the one or more non-poly mer components comprises one or

more volatile organic compounds (VOCs}).

4. The method of claim | or any one of claims 2-3, wherein the second location 1s downstream
of the feed bin and upstream of an extrader; and wherein the method further comprises producing an

extruded poivimer product by transferring the polvmer product to the extruder from the feed bin.

5. The method of claim 1 or anv one of claims 2-4, wherein the first location is downstrear of
the screener. and further wherein the first and second locations are each along a convey line
traversing the screener and feed bin, and through which the polvmer prodact ts fowed.

6. The method of clairo 4, further comprising determining 4 third non-polvmer component content
at athird location downstream of the second location, using a third sensor, wheremn the third location

is either disposed on the extruder or is downsiream of the extruder and upsiream of a collector.

7. The method of claim 6, further comprising remoeving a portion of the second von-polymer

component confent using a second recovery line downstream of the second location and upstream of
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the third location, further wherein the third non-polymer component content 18 less than the second

non-polymer component content.

3 The method of claim 6 or claim 7. further comprising deternmining a fourth non-polvmer

component condent at a fourth location downstream of the third location using a fourth sensor.

9 The method of claira 8. further comprising rernoving a portion of the third non-polvimer
component content using a third recovery line downsiream of the third location and upsiream of the
fourth location, further wherein the fourth non-polvmer component content is less than the third non-

polymer component content.

10 The method of claim 8 or claim 9, wherein each of the first, second, third, and fourth locations
15 along a convey line through which polvmer product is flowed, and which traverses the screener,

feed in, extruder, and collector.

It The method of claim 7. wherein the second recovery line is disposed on or near the extruder.
12, The method of claim 9, wherein the third recovery line 1s disposed on or near the collector,
13, The method of claim 1. wherein the first recovery line directs the non-polymer components

{o recvele or combustion.

14 The method of claim 13, wherein the first recovery line directs the non-polymer compaonents

to combustion, optionally wherein combustion is carnied out using a thermal oxidizer.

15, The method of claim 14, wherein the thermal oxidizer comprises a flameless thermal
oxidizer.
i6. The method of claim 8, wherein the second recovery ling and/or the third recovery line directs

the non-polvmer components to combustion, optionallv wherem combustion is carried out using a

thermal oxidizer.

17 The method of clatim 10, wherein the therroal oxidizer comprises a flameless thermal

oxidizer.
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I8 The method of claim 1 or any one of ¢laims 2-17, wherein the polymerization reactor is a

gas-phase polvmerizalion reactor.

19 A method comprising:
supplving a polymer product of a polvmerization reactor (o a [nishing systern comprising a
convey line that traverses oneg or more pieces of finishing equipment:
wherein the one or more pieces of finishing equipment comprise one or more of a
seresner, a feed bin, an exiruder, and a collecior;
further wherein the polvmer product comprises one or more non-polymer
components;
flowing the polymer product through the convev line such that if passes through the one or
more pieces of finishing equipment;
removing at least a portion of the non-polvmer components from the convey line via one or
more removal hines, wherein removing the portion of the non-polymer components comprises
combusting the portion of the non-polvmer components using a flare, a botler, and/or a thermal

oxidizer.

26. The method of claim 19, wherein the one or more non-polymer components comprise ong of
more volatile organic compounds {(VOCs} such that the combusting forms a combustion product
comprising CO; and Ho (O, and forther wherein the one or more removal lines comprise at teast one
of the followmg:

a first removal line disposed on the screener or along the convey line near the screener;

a second removal line disposed on the extruder or along the convey line near the extruder;
and

a third removal line disposed on the collector or along the convey line near the collector.

21 The method of claim 20, wherein the one or more removal lines comprise the {irst removal
ling, the second removal line, and the third reraoval hine, and further wherein the second removal
line is disposed downstream of the {irst removal line, and the third removal line 18 disposed

downstream of the second removal line.
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