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CHEMICAL RECYCLING OF SOLVOLYSIS GLYCOL COLUMN BOTTOMS
COPRODUCT STREAMS

BACKGROUND

{0001} Waste materials, especially non-biodegradable waste materials, can
negatively impact the environment when disposed of in landfills after a single
use. Thus, from an environmental standpoint, it is desirable to recycle as much
waste materials as possible. However, there still exists streams of low valus
waste that arg not possible or economically feasible to recycle with conventional
recycling technologies. In addition, some conventional recycling processes
produce waste streams that are themselves not sconomically feasible to
recover or recycle, resulting in additional wasts streams that must be disposed
of or otherwise handied.

{00021 Thus, a need exists for a large-scale facility capable of chemically
recycling a variety of waste materials, including various types of plastics, in an
economically viable manner.  ideally, such a facility would minimize the
production of further waste streams {o both enhance sfificiency of production
and minimize environmental impact, while still providing commercially-valuable

end products.

SUMMARY

{3003} In one aspect, the present technology concerns a method for processing
waste plastic, the method comprising: introducing a polyolefin-containing
coproduct stream from a solvolysis facility into at least one of the following: (i)
a partial oxidation {(POX) gasification facility; (i) a pyrolysis facility; (ili} a
solidification facility; (iv) a cracker facility; and {v} an energy generation/energy
production facility.

{0004} In one aspect, the present technology concemns a solvolysis coproduct
composition comprising: at least 80 weight percent of polyolefing and not more

than 1 weight percent PET, based on the iotal weight of the composition,
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wherein the composition has a viscosity of at least 100 poise at 10 radians per
second and 250°C.

{0005} in one aspedt, the present technology concerns a method for processing
waste plastic, the method comprising: separating a stream of mixed waste
plastic (MWP) into a polyethylene terephthalate-enriched (PET-enriched)
stream and a polyolefin-enriched stream (PO-enriched) stream; subjecting at
least a portion of the PET-enriched siream to solvolysis in a solvolysis facility
to form a principal glyeol product, a principal terephthalyl product, and at least
one coproduct stream, whersin the coproduct stream comprises a polyolefin-
comtaining coproduct stream; and introducing at least a portion of the coproduct
stream from the solvolysis facility into at least one of the following: (i} a partial
oxidation {POX) gasification facility; (it} a pyrolysis facility; (ili) & solidification
facility; {iv) a cracker facility; and {v} an energy generation/energy production
facility.

[0008] In one aspect, the present technology concerns a method of processing
waste plastic, the method comprising: {(a) separating mixed plastic waste
{(MPW)} into a polyethylene tergphthalate-enriched {PET-enriched) stream and
a polyolefin-enriched (PC-enriched) stream; (b) subjecting at least a portion of
the PET-enriched stream o solvolysis in a solvolysis facility; and (¢} subjecting
at least a portion of the PO-enriched steam to (i} partial oxidation (POX)
gasification facility; (i) pyrolysis in a pyrolysis facility; or (iii) chemical
conversion in an energy generation/energy production facility.

{0007} in one aspect, the present technology concems a method of processing
waste plastic, the method comprising: (a) separating mixed plastic waste
{MPW) into a polyethylene terephthalate-enriched (PET-enriched) stream and
a polyolefin-entiched (PC-enriched) stream; (b) subjecting at least a portion of
the PGC-enriched steam to at least one of (i} a partial oxidation (FOX)
gasification facility;, (it) pvrolysis in a pyrolysis facility; and (i) chemical
conversion in an energy generation/energy production facility, wherein the PG-
enriched stream comprises at least 50 weight percent PO and has one or more

of the following characteristics (i) through {vil) - {) an ash content of not more
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than 5 weight percent; (il} a halogen content of not more than 250 ppm by
weight (on a dry basis) (i} not more than 5 weight percent of nitrogen-
containing compounds; {iv) not more than 10 weight percent of polyethylene
terephthalate; {(v) a mercury content of not more than 1 ppm; (vi} an arsenic
content of not more than 100 ppm; and (vii} a melt viscosity of less than 25,000
poise measurad using a Brookfield R/S rheometer with V80-40 vane spindle
operating at a shear rate of 10 rad/s and a temperaiure of 250°C.

{0008} in one aspect, the present technology concemns a method of processing
waste plastic, the method comprising: introeducing a feed stream comprising at
least 50 weight percent polyolefin (PO) into at least one of {i} a partial oxidation
(POX) gasification facllity; (i) a pyrolysis facility;, and () an energy
generation/energy production facility, wherein atf least a portion of the feed
stream comprises plastic not classified as #3 through #7 plastics.

{80091 In one aspect, the present technology concerns a method for processing
waste plastic, the method comprising: introducing a polyolsfin (PO)-containing
waste plastic siream and a solvolysis coproduct stream into atleast one of (i} a
partial oxidation (POX) gasification facility; (i} a pyrolysis facility; and (i) an
energy generation/energy production facility.

f001¢] in one aspect, the present technology concerns a method for processing
waste plastic, the method comprising: {(8) introducing a polysthylene
terephthalate (PET)-containing waste plastic stream into a solvolysis facility to
thereby produce at least a principal terephthalyl stream, a principal glycol
stream, and at least one solvolysis coproduct siream; and (b) introducing a
polyolefin containing waste plastic stream and at least a portion of the solvolysis
coproduct stream into at least one of (i) a partial oxidation (POX) gasification
facility; {ii} a pyrolysis facility; and (ili} an energy generation/energy production
facility.

{8011} in one aspect, the present technology concerns a method for processing
waste plastic, the method comprising: (2) separating a stream of mixed plastic
waste (MPW) into a polyethviene terephthalate-enriched (PET-enriched)

stream and a polyclefin-enriched (PC-enriched) stream; (b) introducing at least
3
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a portion of the PET-enriched stream into a solvolysis facility to thereby produce
at least a principal terephthaly! stream, a principal glycol stream, and af least
one solvolysis coproduct stream; and (¢} introducing at least a portion of the
FO-enriched stream and at least a portion of the solvolysis coproduct stream
into at least one of {i) a partial oxidation (POX) gasification facility; (i} a pyrolysis
facility; and (i} an energy generation/energy production facility.

{60121 In one aspect, the present technology concerns a method for processing
waste plastic, the method comprising:  introducing a glyeol column bottoms
coproduct stream from a solvolysis facility into at lsast one of the following: (i)
a partial oxidation {(POX) gasification facility; {ii}) a pyrolysis facility; (i} a
solidification facility; (iv) a cracker facility; and (v} an energy generation/energy
production facility.

{0013} in one aspedt, the present technology concerns a method for processing
waste plastic, the method comprising: {(a) withdrawing a glycol column bottoms
coproduct stream from a soclvolysis facility used to process PET-containing
waste plastic; and (b} introducing at least a portion of the coproduct stream into
at least one of the following: (i) a partial oxidation (POX) gasification facility; (i)
a pyrolysis facility; and (iif) a solidification facility; (iv) a cracker facility; and (v)
an energy generation/energy production facility.

60141 In one aspect, the present technology concerns a method for processing
waste plastic, the method comprising: (8) separating a stream of mixed plastic
waste (MPW) into a polyethyvlene terephthalate-enriched (PET-enriched)
stream and a polyolefin-enriched stream (PO-enriched) stream; {b) subjecting
at least a portion of the PET-enriched stream to solvolysis in a solvolysis facility
to form a principal glycol product, a principal terephthalyl product, and at least
one coproduct stream, wherein the coproduct stream comprises a glycol
column botioms coproduct stream; and () introducing at least a portion of the
coproduct stream from the solvolysis facility into at least one of the following: (i)
a partial oxidation (POX) gasification facility; (il) a pyrolysis facility; (i) a
solidification facility; {iv) a cracker facility; and {v) an energy generation/energy

production facility.
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{0015]in one aspect, the present technology concerns a solvolysis coproduct
composition formed within a solvolysis facility for processing polyester
terephthalate-comtaining waste plastic to form a principal giyeol, a principal
terephthalyl, and a principal scolvent, the composition comprising: at least 60
weight percent of oligomers comprising moisties of the polyester, based on the
total weight of the compaosition; the principal glycol; and at least one glycol other
than the principal glycol, wherein the weight ratio of the at least one glycol other
than the principal glycol to the principal glycol is at least 0.5:1.

{80181 In one aspect, the present technology concerns a method for processing
waste plastic, the method comprising: introducing a reactor purge coproduct
stream from a solvolysis facility into at least one of the following: (i) a partial
oxidation (POX) gasification facility; (il) a pyrolysis facility; (i) a cracker facility;
and {iv} an energy generation/energy production facility.

{80171 In one aspect, the present technology concerns a method for processing
waste plastic, the method comprising: {a) withdrawing a reactor purge
coproduct stream from a solvolysis facility used to process PET-containing
waste plastic; and (b} introducing at least a portion of the coproduct streant into
at least one of the following: (i) a partial oxidation (POX) gasification facility; (i)
a pyrolysis facility; and {jii) a cracker facility; (iv) an energy generation/energy
production facility.

{6018} in one aspedt, the present technology concerns a method for processing
waste plastic, the method comprising: (a) separating a stream of mixed plastic
waste (MPW) into a polysthylene ierephthalate-enriched (PET-enriched)
stream and a polydlefin-enriched stream (PO-enriched) stream; {b) subjecting
at least a portion of the PET-enriched stream {o solvolysis in a solvolysis facility
to form a principal glycol product, a principal terephthalyl product, and at least
one coproduct stream, wherein the coproduct stream comprises a reactor purge
coproduct stream; and (¢} introducing at least a portion of the coproduct stream
from the solvolysis facility into at least one of the following: (i) a partial oxidation
{(POX) gasiiication facility; (i) a pyrolysis facility; {iii) a solidification facility; and

{iv} a cracker facility; and (v} an energy genaration/energy production facility.
5
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{0018} in one aspect, the present technology concerns a solvolysis coproduct
composition formed within a solvolysis facility for processing polyester-
containing waste plastic into a principal glycol, a principal tergphthalyl, and a
principal solvent, the compaosition comprising: at least 25 weight percent of the
principal terephthalyl, based on the toial weight of the composition; and an
amount of 100 ppm by weight to 25 percent by weight of one or more non-
terephthalyi solids, based on the total weight of the composition.

{0020} in one aspedt, the present technology concerns a method for processing
waste plastic, the method comprising: introducing a terephthalyl column
bottoms coproduct stream from a solvolysis facility info at least one of the
foliowing: (i} a partial oxtidation (POX) gasification facility; (i} a pyrolysis facility;
(i} a solidification facility; {iv} a cracker facility; and (v} an energy
generation/production facility 80.

{00211 In certain embodiments, the present technology concems a method for
processing waste plastic, the method comprising: (8) withdrawing a terephthalyi
column bottoms coproduct stream from a solvolysis facility 30 used o process
PET-containing waste plastic; and (b} introducing at least a portion of the
coproduct stream into at least one of the following: (i) a partial oxidation (POX)
gasification facility 50; {il) a pyrolysis facility 60; (iii) a solidification facility 40;
{iv) a cracker facility; and (v} an energy generation/production facility 80.
{60227 In certain embodiments, the present technology concerns a method for
processing waste plastic, the method comprising: {8} separating a stream of
mixed plastic waste (MPW) into 3 polyethylene terephthalate-enriched (PET-
enriched) stream and a polyolefin-enriched stream (PC-anriched) stream; (b)
subjecting at least a portion of the PET-enriched stream 102 to solvolysis in a
solvolysis facility 30 to form a principal glycol product, a principal terephthalyi
product, and at least one coproduct siream, wherein the coproduct stream
comprises a terephthalyl column bottoms coproduct stream; and (¢} introducing
at least a portion of the coproduct stream from the solvolysis facility 30 into at

least one of the following: (i) a partial oxidation (POX) gasification facility 50; (i)

[e3]
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a pyrolysis faciiity 60; (iii} a sclidification facility 40, {iv) a cracker facility; and
(v} an energy generation/energy production facility.

{0023} in one aspect, the present technology concems a solvolysis coproduct
composition formed within a solvolysis facility for processing polyester
terephthalate-containing waste plastic to form a principal glycol, a principal
terephthalyl, and a principal solvent, the composition comprising: at least 70
weight percent of oligomers comprising polyester moieties, based on the {otal
weight of the stream; and at least 1 part per billion and/or not more than 25
weight percent of substituted terephthalyl components, wherein the
composition has a mid-range boiling point higher than the boiling point of the
principal tersphthalyl,

{60247 in one aspect, the present technology concerns a method for processing
waste plastic, the method comprising: infroducing a solvolysis coproduct
stream from a solvolysis facility into at least one of the following: (i) a partial
oxidation {POX) facility; (ii} a pyrolysis facilily; {iil) a cracker facility; and (iv) an
energy generationfenergy production facility.

{0025} In one aspedt, the present technology concerns a method for processing
waste plastic, the method comprising: (a8} withdrawing a solvolysis coproduct
streamn from a solvolysis facility for processing PET-containing waste plastic;
and {b} introducing at least a portion of the solvolysis coproduct stream into at
least one of the following: (i) a partial oxidation {(POX) facility; (i) a pyrolysis
facility; (i} a cracker facility; and (iv) an energy generation/energy production
facility.

{80261 In one aspect, the present technology concerns a method for processing
waste plastic, the method comprising: {8) separating a stream of mixed plastic
waste (MPW) intc a polyethylene terephthalate-enriched (PET-enriched)
stream and a polyolefin-enriched stream (PC-enriched) stream; (b) subjecting
at least a portion of the PET-enriched stream {o solvolysis in a solvolysis facility
to form a primary glycol product, a primary terephthalyl product, and at least
one coproduct stream; and (¢} introducing at least a portion of the solvolysis

copraduct stream from the solvolysis facility into at least one of the following: (i)
7
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a partial oxidation {(POX) facility; (i) a pyrolysis facility; (iii} a solidification
faciity; (iv) a cracker facility; and {v} an energy generation/energy production
facility.

BRIEF DESCRIPTION OF THE DRAWINGS

[00271FIG. 1 is a schematic block flow diagram illustrating the main steps of a
chemical recycling facility according to embodiments of the present technology;
{GO28IFIG. 2 is a schematic block flow diagram Hllustrating the main steps of a
solvolysis facility according to embodiments of the present technology;
[B029IFIG. 3 is a schematic block flow diagram illustrating the main steps of &
methanolysis facility according {o embodiments of the present technology;
[GO30IFIG. 4 is a schematic block flow diagram llustrating the main steps of &
solidification facility according to embodiments of the present technology;
[0O0311FIG. 5 is a schematic block flow diagram Hlustrating the main steps of a
pyrolysis facility according to embodiments of the present technology;
[B032IFIG. 6 is a schematic block flow diagram illustrating the main steps of &
cracking facility according to embodiments of the present technology;
{0033}FIG. 7 is a schematic diagram of a cracker furnace configured according
to embodiments of the present technology;

[B0341FIG. 8 is a schematic block flow diagram illustrating the main steps of &
partial oxidation (POX) gasification facility according to embodiments of the
present technology; and

[0O358IFIG. 9 s a schematic block flow diagram illustrating the main steps of an
energy generation/production facility according {o embodiments of the present

technology.

DETAILED DESCRIPTION
{0038} When a numerical sequence is indicated, it is to be understood that each
number is modified the same as the first number or last number and is in an
“or” relationship, Le. each number Is "at least,” or “up 10" or "not more than” as
the case may be. For example, “at least 10 weight percent, 20, 30, 40, 50,

75..." means the same as “at least 10 weight parcent, or at least 20 weight
8
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percent, or at least 30 weight percent, or at least 40 weight percent, or at least
50 weight percent, or at least 75 weight percent, efc.

{00371 All concentrations or amounts are by weight unless otherwise stated. As
used herein, the terms “containing,” and “including” are open ended and
synonymous with “comprising.”

{0038] Weight percentages expressed on the mixed plastic waste (MPW) are
the weight of the MPW as fed to the first stage separation and prior 1o addition
of any diluents/sclutions such as salt or causltic solutions.

{6039] References to MPW throughout this description also provide support for
particulate plastics or MPW particulates or size reduced plastics or a plastics
fesdstock fo the separation process. For example, references to weight
percentages of ingredients in the MPW also describes and provides support for
those same weight percentages on particulate plastics or size reduced plastics
or the plastics as fed to the first stage separation prior 1o combining them with
caustic or salt solutions,

{060408] Turning now to FIG. 1, a schematic overview of a chemical recycling
facility 10 for processing a stream 100 comprising mixed plastic waste is
shown. The chemical recycling facility 10 generally lustrated in FIG. 1 includes
a pre-processing facliity 20 in combination with one or more of a solvolysis
facility 30, a solidification facility 40, a partial oxidation (POX) gasification facility
50, a pyrolysis facility 60, a cracker facility 70, an energy generation/production
facility 80, and a reuse {recycle} facility 90. Although shown as including each
of these facililies, it should be understood that chernical recycling facilities
according to embodiments of the present technology would not have to include
all of the above facilities, but can include two or more, three or more, or four or
more of these facilities. Chemical recycling facilities as described herein may
be used to convert mixed plastic waste to recycle content products or chemical
infermediates used to form a variety of end use materials.

{60411 As used herein, the term “chemical recycling” refers to a waste plastic
recycling process that includes a step of chemically converting waste plastic

polymers into lower molecular weight polymaers, oligomers, monomers, andfor
9
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non-polymeric molecules (e.g., hydrogen and carbon monoxide) that are useful
by themselves and/or are useful as feedstocks to ancther chemical production
process or processes. A “chemical recycling facility,” is a facility for producing
a recycle content product via chemical recycling of waste plastic. As used
herein, the term “recycle content” is used herein i) as a noun to refer {o a
physical component {e.g., compound, molecule, or atom) at least a portion of
which is derived directly or indirectly from recycled waste or i) as an adjective
modifying a particular composition {(e.g., a compound, polymer, feedstock,
product, or stream) at least a portion of which is directly or indirectly derived
from recycled waste.

{60421 As used herein, the term “directly derived” ‘means having at least one
physical component originating from waste plastic, while “indirectly derived”
means having an assigned recycle content that i} is attributable {o waste plastic,
but it that is not based on having a physical component originating from waste
plastic.

{60431 Chemical recycling Tacilities are not physical recycling facilities. As used
herein, the term “physical recycling” (also known as “mechanical recycling”)
refers to a recycling process that includes a step of melting waste plastic and
forming the molten plastic into 2 new intermediate product {e.g., pellets or
sheets) andfor a new end product {e.g., bottles). Generally, physical recycling
does not change the chemical structure of the plastic being recycled. In one
embaodiment or in combination with any of the mentioned embodiments, the
chemical recycling facilities described herein may be configured to receive and
process waste streams from and/or that are not typically processable by a

physical recycling facility.

Fre-Processing Facility

{0044 Turning again to FIG. 1, a stream 100 of mixed plastic waste may first
be introduced into a pre-processing facility 20, As used herein, the term “waste
plastic” refers {o used, scrap, andior discarded plastic maierials, such as

polyethylene terephthalate (PET), polyclefing (PQ), and/or polyvinyichioride
10
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{(PVC). As used herein, 8 "mixed plastic waste,” or MPW, refers to a post-
industrial {or pre-consumer) plastic, a post-consumer plastic, or a mixture
thereof. Examples of plastic materials include, but are not limited to, polyesters,
one or more polyolefing (PO}, and polyvinylehloride (PVC). Furthermore, as
used herein, a "waste plastic” refers {o any post-industrial {or pre-consumer)
and post-consumer plastics, such as but not limited to polyesters, polyolefins
(PO}, andfor polyvinylchloride (PVC). in one embodiment or more
embodiments, the waste plastic may also include a minor amount of other
plastic components (other than PET and polyolefing) that total less than 50, less
than 40, less than 30, less than 20, less than 15, or less than 10 weight percent,
and optionally can individually represent less than 30, less than 20, less than
15, less than 10, or less than 1 weight percent, of the total amount of waste
plastic in stream 100,

{0045] The plastics suitable Tor processing in recycling facility 10 can include
any organic synthetic polymers that are solid at 25°C at 1 atm. The polymers
can be thermoplastic or thermosetting polymers. The polymer number average
molecular weight (Mn) can be at least 300, or atleast 500, or at least 1000, or
at least 5,000, or at least 10,000, or at least 20,000, or at least 30,000, or at
least 50,000 or at least 70,000 or at least 80,000 or at least 100,000 or at least
130,000, The weight average molecular weight (Mw) of the polymers can be
atleast 300, or atleast 500, or atleast 1000, or atleast 5,000, or atleast 10,000,
or at least 20,000, or atleast 30,800 or at least 50,000, or at least 70,000, or at
least 80,000, or at least 100,000, or af least 130,000, or at least 153,000, or at
least 300,000,

{6046} in one embodiment or in combination with any of the mentioned
embodiments, the MPW processed in recycling facility 10 can include, but is
not imited to, plastic components, such as polyesters, including those having
repeating aromatic or cyclic units such as those containing & repeating
terephthalate or naphthalate units such as polyethylene terephthalate (PET)
and/or polyethylene naphthalate (PEN). As used herein, “PET” means a

homopolymer of polyethvlene terephthalate, or polyethylene terephthalate
il
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modified with modifiers or containing residues or moieties of other than sthylene
glycol and terephthalic acid, such as isophthalic acid, digthylene glyeol, TMCD
(2.2,4 4-tetramethyi-1,3-cyciobutanediol), CHDM (cyclohexanedimeathanol),
propylene glycol, isosorbide, 1,4-butanediol, 1,3-propane diol, and/or NPG
{neopentvylglycol), or polyesters having repeating terephthalate units {and
whether or not they contain repeating ethylene glycol based units) and one or
more residues or moieties of TMCD (2,24 4-tetramethyl-1,3-cyclobutanediol),
CHDM (cyciohexanedimethanol), propylene glyeol, or NPG {heopentylglycol},
isosorbide, isophthalic acid, 1,4-butanediol, 1,3-propane diol, and/or disthylene
glycol, or combinations thereof,

{6047 Alternatively, or in addition, polyesters may include furanate repeating
units.  Although within the definition of PET as provided herein, it is worth
mentioning polyesters suitable for processing in chemical recycling facility 10
may also have repeating terephthalate units and one or more residues or
moieties  of TMCD (2,24, 4-tetramethyl-1,3-cyclobutanediol), CHDM
{cyclohexanedimethanol), propylene glycol, or NPG  (neopentyigiycol),
isosorbide, isophthalic acid, 1,4-butanediol, 1,3-propane diol, and/or diethylene
glycol, or combinations thereof and aliphatic polyesters such as PLA|
polygivcolic acid, polycaprolactones, and polysthvlene adipates; polyolefins
{e.g., low densily polysthylens, high density polyethylens, low densily
polypropylene, high density polypropylene, crosslinked polysthylene,
amorphous polyolefins, and the copolymers of any one of the aforementioned
polyolefins), polyvinyl chioride (PVC), polystyrene, polyietrafluoroethylene,
acrylobutadienestyrene (ABS), cellulosics such as celiulose acetate, cellulose
diacetate, cellulose triacelate, celiulose acetate propionate, cellulose acetate
butyrats, and regenserated celiulose such as viscose; epoxides, polyamides,
phenciic resins, polyacetal, polycarbonates, polyphenylene-based slioys,
poly{methyl methacrylate), styrenic containing polymers, polyurethane, vinyk
based polymers, styrene acrylonitrile, thermoplastic elastomers other than tires,

and urea containing polymers and melamines.
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{8048]in one embodiment or in combination with any of the mentioned
embodiments, the MPW introduced into chemical recycling facility 10 can
contain thermosetting polymers. Examples of the amounts of thermosetting
polymers present in the MPW can be at least 1 weight percent, or at least 2
weight percent, or at least & weight percent, or at least 10 weight percent, or at
least 15 weight percent, or at least 20 weight percent, or at least 25 weight
percent, or al least 30 weight percent, or al least 40 weight percent, based on
the weight of the MPW.

{0049}in one embodiment or in combination with any of the mentioned
embodiments, the MPW infroduced into the chemical recycling facility 10
contains plastics at least a portion of which are obtained from cellulosics, such
as cellulose derivates having an acyl degree of substitution of less than 3, or
1.8 to 2.8. Examples include cellulose acstate, cellulose diacetate, cellulose
triacetate, cellulose acetate propionate, and cellulose acetate buiyrate.
{00501 In one embodiment or in combination with any of the mentioned
embodiments, the MPW stream introduced into the chemical recycling facility
10 contains plastics at least a portion of which are obtained from polymers
having repeating terephthalate units, such as polyethylene terephthalate,
polypropylene terephthalate, polybutylene terephthalate, and copolvesters
thereof.

{00511in one embodiment or in combination with any of the mentioned
embaodiments, the MPW stream introduced into the chemical recycling facility
10 contains plastics at least a portion of which are obtained from copolyesters
having multiple dicyclohexane dimethanol moeities, 2,24, 4-tetramethyl-1,3-
cyclobutanediol moieties, or combinations thereof.

{60521in one embodiment or in combination with any of the mentioned
embodiments, the MPW stream introduced into the chemical recycling facility
10 contains plastics at least a portion of which are obtained from low density
polyethylene, high density polyethylene, linear low-density polyethylene,

polypropylene, polymethvipentene, polvbutene-1, and copolymers thereof.
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{0053} in one embodiment or in combination with any of the mentioned
embodiments, the MPW stream introduced into the chemical recyeling facility
10 contains plastics at least a portion of which are obtained from eyeglass
frames, or crosslinked polyethylene.

{00541 In one embodiment or in combination with any of the mentioned
embodiments, the MPW stream introduced into the chemical recycling facility
10 contains plastics at least a portion of which are obtained from plastic bottles.
[G0558]In one embodiment or in combination with any of the mentioned
embodiments, the MPW stream infroduced into the chemical recycling facility
18 contains plastics at least a portion of which are obtainsd from diapers.
{6056} in one embodiment or In combination with any of the mentioned
embodiments, the MPW stream introduced into the chemical recycling facility
10 contains plastics at least a portion of which are obtained from Styrofcam, or
expanded polystyrene.

[00571In one embodiment or in combination with any of the mentioned
embodiments, the MPW stream introduced into the chemical recycling facility
10 contains plastics at least a portion of which are obtained from flashspun high
density polyethylene.

{0058} in one embodiment or in combination with any of the mentioned
embodiments, the MPW stream introduced into the chemical recycling facility
10 contains plastics having or obtained from plastics having a resin 1D code
numbered 1-7 within the chasing arrow triangle established by the SPL Inone
embodiment or in combination with any of the mentioned embodiments, at least
a portion of the MPW contains one or more plastics that are not generally
mechanically recycled. These would include plastics having numbers 3
{polyvinyl chloride}, 5 {polypropylene), 6 {(polystyrene), and 7 (other). In one
embodiment or in combination with any of the mentioned embodiments, the
MPW contains at least 0.1 weight percent, or at least 0.5 weight percent, or at
least 1 weight percent, or at least 2 weight percent, or at least 3 weight percent,
or at least 5 weight percent, or at least 7 weight percent, or at least 10 weight

percent, or at least 12 weight percent, or at least 15 weight percent, or at least
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20 weight percent, or at least 25 weight percent, or at least 30 weight percent,
or at least 40 weight percent, or at least or more than 50 weight percent, or at
least 85 weight percent, or at least 85 weight percent, or at least 80 weight
percent plastics having or corresponding to a number 3, 5, 6, 7, or a
combination thereof, based on the weight of the plastics in the MPW.

{0058in one embodiment or in combination with any of the mentioned
embodiments, the MPW comprises plastics having or oblained from plastics
having at least 30, at least 35, at least 40, at least 45, at least 50, at least 55,
at least 60, at least 65, at least 70, at least 75, at least 80, at least 85, at least
390, atleast 85, or at least 89 weight percent of at least one, at least two, at least
three, or at least four different kinds of resin 1D codes.

[6060] The MPW introduced into the chemical recycling facility 10 may contain
recycle textiles. Textiles may contain natural and/or synthetic fibers, rovings,
yarns, nonwoven webs, cloth, fabrics and products made from or containing
any of the aforementioned items. Textiles can be woven, knitted, knotted,
stitched, tufted, may include pressed fibers such as in felting, embroidsred,
laced, crocheted, braided, or may include nonwoven webs and materials.
Textiles can include fabrics, and fibers separated from 3 textile or other product
containing fibers, scrap or off-spec fibers or yarns or fabrics, or any other source
of loose fibers and yarns. A texiile can also include staple fibers, continuous
fibers, threads, tow bands, twisted and/or spun varns, gray fabrics made from
yarns, finished fabrics produced by wet processing gray fabrics, and garments
made from the finished fabrics or any other fabrics. Texdiles include apparels,
interior furnishings, and industrial types of textiles. Teuxtiles can include post-
industrial textiles {pre-consumer) or post-consumer textiles or both.

{60811in one embodiment or in combination with any of the mentioned
embodiments, textiles can include apparel, which can generally be defined as
things humans wear or made for the body. Such textiles can include sporis
coats, suits, trousers and casual or work pants, shirts, socks, sportswear,
dresses, intimate apparel, outerwear such as rain jackets, cold temperature

jackets and coats, sweaters, protective clothing, uniforms, and accessories
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such as scarves, hats, and gloves. Examples of textiles in the interior furnishing
category include fumniture upholstery and slipcovers, carpeis and rugs, curtains,
bedding such as sheets, pillow covers, duvets, comforters, mattress covers;
linens, tablecioths, towels, washcloths, and blankets. Examples of industrial
textiles include transportation {auto, airplane, frain, bus) seais, floor mats, trunk
liners, and headliners; outdoor furniture and cushions, tents, backpacks,
luggage, ropes, conveyor belts, calendar roll felts, polishing cloths, rags, soil
erosion fabrics and geotextiles, agricultural mats and screens, personal
protective equipment, buliet proof vests, medical bandages, sutures, tapes, and
the like.

{06082] The nonwoven webs that are classified as textiles do not include the
category of wet laid nonwoven webs and arlicles made therefrom. While a
variety of articles having the same function can be made from a dry or wet laid
process, an article made from a dry laid nonwoven web is classified as a textile.
Examples of suitable articles that may be formed from dry laid nonwoven webs
as described herein can include those for personal, consumer, industrial, food
service, medical, and other end uses. Specific examples can include, but are
not limited to, baby wipes, flushable wipes, disposable diapers, training pants,
feminine hygiene products such as sanitary napkins and tampons, adult
incontinence pads, underwear, or briefs, and pet training pads. Other examples
include a variety of different dry or wet wipes, including those for consumer
{such as personal care or household) and industrial (such as food service,
heglth care, or specialty) use. Nonwoven webs can also be used as padding
for pillows, mattresses, and upholstery, and batting for quilts and comforters.
In the medical and industrial fields, nonwoven webs of the present invention
may be used for consumer, medical, and industrial face masks, protective
clothing, caps, and shoe covers, disposable sheets, surgical gowns, drapes,
bandages, and medical dressings.

{0083] Additionally, nonwoven webs as described herein may be used for
environmental fabrics such as geotextiles and tarps, ol and chemical absorbent

pads, as well as building materials such as acoustic or thermal insulation, tents,
16



10

15

20

25

30

WO 2021/163104 PCT/US2021/017342

lumber and soll covers and shesting. Nonwoven webs may alsc be used for
other consumer end use applications, such as for, carpet backing, packaging
for consumer, industrial, and agricultural goods, thermal or acoustic insulation,
and in various types of apparel.

{0064 The dry laid nonwoven webs as described herein may also be used for
a variety of filtration applications, including transportation {e.g., automotive or
aeronauticall, commercial, residential, industrial, or other specialiy
applications. Examples can include filter elements for consumer or industrial
air or iquid filters {e.q., gasoline, oill, water), including nancfiber webs used for
microfiltration, as well as end uses like tea bags, coffee filters, and dryer sheets.
Further, nonwoven webs as described herein may be used to form a varisty of
components for use in automobiles, including, but not imited to, brake pads,
trunk liners, carpet tufting, and under padding.

{0065 The textiles can include single type or multiple type of natural fibers
andfor single type or multiple type of synthstic fibers. Examples of textile fiber
combinations include all natural, all synthstic, two or more type of natural fibers,
two or more types of synthetic fibers, one type of natural fiber and one type of
synthetic fiber, one type of natural fibers and two or more types of synthetic
fibers, two or more types of natural fibers and one type of synthstic fibers, and
two or more types of natural fibers and two or more types of synthetic fibers.
{0068] Natural fibers include those that are plant derived or animal derived.
Natural fibers can be cellulosics, hemicellulosics, and lignins. Examples of
plant derived natural fibers include hardwood pulp, softwood pulp, and wood
flour; and other plant fibers including those in wheat straw, rice straw, abaca,
coir, cotion, flax, hemp, jute, bagasse, kapok, papyrus, ramie, rattan, vine,
kenaf, abaca, heneqguen, sisal, soy, cereal straw, bamboo, reeds, esparto
grass, bagasse, Sabai grass, milkweed floss fibers, pineapple leaf fibers, switch
grass, lignin-containing plants, and the like. Examples of animal derived fibers
include wool, silk, mohair, cashmere, goat hair, horse halr, avian fibers, camel

hair, angora wool, and alpaca wool,

17



10

15

20

25

30

WO 2021/163104 PCT/US2021/017342

{0087] Synthetic fibers are those fibers that are, at least in part, synthesized or
derivatized through chemical reactions, or regenerated, and include, but are not
limited to, rayon, viscose, mercerized fibers or other types of regenerated
cellulose (conversion of natural celiulose to a soluble cellulosic derivative and
subsequent regeneration) such as lyocell (also known as TENCEL™), Cupro,
Modal, acetates such as polyvinviacetate, polyamides including nylon,
polyesters such as PET, olefinic polymers such as polypropylene and
polyethylene, polycarbonates, poly sulfates, poly sulfones, polyethers such as
polyether-urea known as Spandex or elastane, polyacrylates, acrylonitrile
copolymers, polyvinylchloride (PVC), polylactic acid, polyglycolic acid,
suffopolyester fibers, and combinations thereof.

[6068] The textiles can be in any of the forms mentioned above and may be
exposed to one of more pre-processing steps in pre-processing faciity 20 prior
o being processed in the remaining zones of the chemical processing facility
10 as shown in FIG. 1. Examples of pre-processing steps include, but are not
limited to, size reduction via chopping, shredding, harrowing, confrication,
pulverizing, or cutting a feedstock of textiles to make size reduced textiles. The
textiles can also be densified. Examples of processes that densify include
those that agglomerate the textiles through heat generated by frictional forces
or particles made by extrusion or other external heat applied to the textile to
soften or melt a portion or all of the textile.

f0069%1in one embodiment or in combination with any of the mentioned
embodiments, the amount of textiles (including textile fibers) in the MPW stream
in line 100 is at least 0.1 weight percent, or at least 0.5 weight percent, or at
least 1 weight percent, or at least 2 weight percent, or at least 5 weight percent,
or at least 8 weight percent, or at least 10 weight percent, or at least 15 weight
percent, or at least 20 weight percent material obtained from textiles or textile
fibers, based on the weight of the MPW. In one embodiment or in combination
with any of the mentioned embodiments, the amount of textiles {including texiile
fibers) in the MPW in stream 100 is not more than 50, not more than 40, not

more than 30, not more than 20, not more than 15, not more than 10, not more
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than 8, not more than 5, not more than 2, not more than 1, not more than 0.5,
not more than 0.1, not more than 0.05, not more than 0.01, or not more than
(.601 wsight percent, based on the weight of the MPW stream 100. The
amount of textiles in the MPW stream 100 can be in the range of from 0.1 {0 50
weight percent, & {o 40 weight percent, or 10 1o 30 weight percent, based on
the total weight of the MPW stream 100,

{60701 in one embodiment or in combination with any of the mentioned
embodiments, the mixed plastic waste introduced into the chemical recycling
facility 10 {or into any of the subsequent processing facilities within the chemical
recycling facility 10} can include one or more inert components, which are
typically present as additives in at least a portion of the mixed waste plastic.
For example, such inert components may be particularly present in the plastic
when it comprises textiles as described herein. Examples of such inert
components can include, but are not limited to, calcium carbonate, sand,
titanium dioxide, and other hard, crystalline sclids that are non-dissolvable in
water or other aqueous solvents.

{6071} In one embodiment or in combination with any of the mentioned
embodiments, the amount of inert components present in the feed stream to
the chemical recycling facility 10 {or to any one of the facilities within chemical
recycling facility 10) can be at least 0.001, at least 0.0025, at least 0.005, at
least 0.0075, atleast 0.010, at least 0.025, atleast 0.05, at least 0.075, at least
0.100, or at least §.150 weight percent and/or not more than .50, not more
than 0.45, not more than 0.40, not more than 0.35, not more than 0.30, not
more than 0.25, or not more than 0.20 weight percent, based on the total weight
of the feed siream. The amount of inert components present in the feed siream
100 to the chemical recycling facility 10 can be in the range of 0.002 to 0.5
weight percent, 0.005 to 0.40 weight percent, or 0,100 to §.25 weight percent,
based on the total weight of the stream 100,

{0607 2] Alternatively, or in addition, the amount of inert components present in
the feed stream to the chemical recycling facility 10 (or to any one of the

facilities within chemical recycling facility 10} can be at least .35, at least 0.40,
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at least 0.45, at least 0.50, at least 0.55, at least 0.60, at least 0.65, at least
(.70, or at least .75 and/or not more than 3, not more than 2.5, not more than
2, not more than 1.5, not more than 1, not more than 0.75, not more than 0.60,
not more than 0.55, or not more than 0.50 weight percent, based on the total
weight of the stream. The amount of inert components in the feed stream 100
can be in the range of from 0.35 to 3 weight percent, 0.40 1o 2.5 weight parcent,
or 0.50 to 2 weight percent, based on the total weight of the feed stream 100.
{0073] The feed stream 100 of mixed plastic wasts introduced into the chemical
recycling facility 10 may include post-consumer andfor post-industrial {pre-
consumer) plastic materials. As discussed previously, such plastics can include
polyethylene ferephthalate {(PET), polyolsfin (PO), andfor polyvinyl chioride
{(PVC). iIn one embodiment or in combination with any of the mentioned
embodiments, PET and PO in combination make up at least 50, at least 55, at
least 60, at least 65, al least 70, atleast 75, at least 80, at least 85, at least 90,
at least 95, or at least 99 weight percent of the mixed plastic waste, while PVC
can make up at least 0.001, at least 0.01, at least 0.05, at least 0.1, at least
0.25, or at least 0.5 weight percent and/or not more than 5, not more than 4,
not more than 3, not more than 2, not more than 1, not more than 0.75, or not
more than 0.5 weight percent, based on the total weight of the MPW. The
armount of PVC in the mixed plastic waste can be in the range of from 0.001 {o
5 weight percent, 0.01 {o 3 weight percent, or 0.1 to 2 weight percent, based on
the total weight of the MPW stream 100,

[00741In one embodiment or in combination with any of the mentioned
embodiments, the mixed plastic waste can comprise at least 5, at least 10, at
least 15, at least 20, at least 25, at least 30, at least 35, at least 40, at least 45,
at least 50, at least 55, at least 60, at least 65, at least 70, at least 75, at least
80, at least 85, at least 90, or at least 95 weight percent of PET, based on the
total weight of the MPW stream or composition.

{6075)in one embodiment or In combination with any of the mentioned
embodiments, the mixed plastic wasle can comprise at least 5, at least 10, at

least 15, at least 20, at least 25, at least 30, at least 35, at least 40 and/or not
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more than 75, not more than 70, not more than 65, not more than 60, not more
than 55, not more than 50, not more than 45, not more than 40, or not more
than 35 weight percent polyolefin (PO}, based on the tolal weight of the MPW,
The amount of PO in the MPW stream 100 can be in the range of rom Sto 75
weight percent, 10 to 60 weight percent, or 20 to 35 weight percent, based on
the total weight of the stream 100.

{607681in one embodiment or in combination with any of the mentioned
embodiments, the MPW comprises multi-component polymers. As used
herein, the term “multi-component polymers” refers to articles and/or
particulates comprising at least one synthetic or natural polymer combined with,
attached to, or otherwise physically and/or chamically associated with at least
one other polymer and/or non-polymer solid. The polymer can be a synthetic
polymer or plastic, such as PET, olefins, and/or nylons. The non-polymer solid
can be a metal, such as aluminum. The multi-component polymers can include
metalized plastics.

{60771in one embodiment or in combination with any of the mentioned
embodiments, the MPW comprises mulli-component plastics in the form of
multi-layer polymers. As used hersin, the term "multi-layer polymers” refers to
multi-component polymers comprising PET and at least one other polymer
andfor non-polymer solid physically and/or chemically associated {ogsther in
two or more physically distinct layers. A polymer or plastic is considered a multi-
layered polymer even though a transition zone may exist between two layers,
such as may be present in adhesively adhered layers or co-extruded layers. An
adhesive between two layers is not deemed o be a laver. The multi-layer
polymers may comprise a layer comprising PET and a one or more additional
layers at least one of which is a synthetic or natural polymer that is different
from PET, or a polymer which has no ethylene terephthalate repeating units, or
a polymer which has no alkylene terephthalate repeating units (a “non-PET
polymer layer”), or other non-polymer solid.

{6078 Examples of non-PET polymer layers include nylons, polylactic acid,

polyolefing, polycarbonates, ethyvlene vinyl alcohol, polyvinyl alcohol, andfor
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other plastics or plastic films associated with PET-containing articles and/or
particulates, and natural polymers such as whey proteins. The multi-ayer
polymers may include metal layers, such as aluminum, provided that at least
one additional polymer layer is present other than the PET layer. The layers
may be adhered with adhesive bonding or other means, physically-adjacent
{i.e., articles pressed against the film), tackified (i.e., the plastics heated and
stuck together), co-extruded plastic films, or otherwise attached fo the PET-
containing articles. The multi-layer polymers may comprise PET films
associated with articles containing other plastics in the same or similar manner.
The MPW may comprise multi-component polymers in the form of PET and at
least one other plastic, such as polyolefing {s.9., polvpropylene) and/or other
synthetic or natural polymers, combined in a single physical phase. For
example, the MPW comprises a heterogenous mbdure comprising a
compatibilizer, PET, and at least one other synthetic or natural polymer plastic
{e.g., non-PET plastic) combined in a single physical phase. As used hsrein,
the term “"compatibilizer” refers to an agent capable of combining at least two
otherwise immiscible polymers togsther in a physical mixture (i.e., blend}.
{00791 In one embodiment or in combination with any of the mentioned
embodiments, the MPW comprises not more than 20, not more than 10, not
more than 5, not more than 2, not more than 1, or not more than 0.1 weight
percent nylons, on a dry plastic basis. In one embodiment or in combination
with any of the mentioned embodiments, the MPW comprises from 0.01 o 20,
from 0.05 to 10, from 0.1 to 5, or from 1 to 2 weight percent nylons, on a dry
plastic basis.

{6080} in one embodiment or in combination with any of the mentioned
embodiments, the MPW comprises not more than 40, not more than 20, not
more than 10, not more than 5, not more than 2, or not more than 1 weight
percent multi-component plastics, on a dry plastic basis. In one embodiment
or in combination with any of the mentioned embaodiments, the MPW comprises
from 0.1 to 40, from 1 to 20, or from 2 {o 10 weight percent multi-component

plastics, on a dry plastic basis. In one embodiment or in combination with any
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of the mentioned embodiments, the MPW comprises not more than 40, not
more than 20, not more than 10, not more than 5, not more than 2, or not more
than 1 weight percent multi-layer plastics, on a dry plastic basis. In one
embodiment or in combination with any of the mentioned embodiments, the
MPW comprises from 0.1 fo 40, from 1 to 20, or from 2 to 10 weight percent
mutiti-layer plastics, on a dry plastic basis.

{6081] The mixed plastic waste may also include non-plastic solids, such as dirt,
fillers, rocks, sand, food, celiulosics such as paper and cardboard, and glass,
which can make up at least 0.1, atleast 1, at least 2, at least 4, at least 5, at
least 8, and/or not more than 25, not more than 20, not more than 15, not more
than 10, not more than 8, not more than 5, not more than 2.5, or not more than
2 weight percent of the mixed plastic waste, based on the total weight of the
MPW. The amount of non-plastic solids in the MPW feed stream 100 can be in
the range of from 0.1 to 25 weight percent, 1 to 20 weight percent, or 2 to 8
weight percent, based on the {otal weight of the MPW stream 100,

{60821in one embodiment or in combination with any of the mentioned
embodiments, the MPW may comprise at least 0.01, at least 0.1, at least 0.5,
or at least 1 andfor not more than 25, not more than 20, not more than 25, not
more than 10, not more than 5, or not more than 2.5 wsight percent of liquids,
based on the total weight of the MPW stream or compaosition. The amount of
liquids in the MPW can be in the range of from 0.01 to 25 wsight percent, from
0.5 to 10 weight percent, or 1 to 5 weight percent, based on the total weight of
the MPW stream 100.

{8083] The mixed plastic waste may comprise plastic that is not classified as #3
through #7 plastics. In one embodiment or in combination with any of the
mentioned embodiments, the total amount of plastic not classified as #3 through
#7 plastics in the MPW can be at least 5, at least 10, at least 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at least 45, at least 50, at least 55,
at least 60, at least 65, at least 70, or at least 75 and/or not more than 95, not
more than 80, not more than 85, not more than 80, not more than 75, not more

than 70, not more than 65, not more than 80, not more than 55, not more than
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50, not more than 45, not more than 40, or not more than 35 weight percent,
based on the fotal weight of the MPW stream. The fotal amount of plastic not
classified as #3 through #7 plastics in the MPW can be in the range of from 5
o 95 weight percent, 20 to 80 weight percent, or 25 to 75 weight percent, based
on the total weight of the siream.

{0084] The mixed plastic waste infroduced into {or the pre-processed plastic
stream withdrawn from the pre-processing facility 20} may be in several forms
including, but not limited o, whole articles or padiculates that have been
comminuted or pelletized or formed into fibers. As used herein, the terms
“mixed plastic waste particulates,” or “MPW particulates” refers to mixed plastic
waste having an average particle diameter of less than 1 inch. A MPW
particulate can include, for example, comminuted plastic particles that have
been shredded or chopped, or plastic pellets. When whole or nearly whole
articles are introduced into the pre-processing facility 20, one or more
comminuting or pelietizing steps may be used therein to convert the MPW into
mixed plastic waste particulates. Alternatively, or in addition, at least a portion
of the mixed plastic waste infroduced into the pre-processing facility 20 may
already be in the form of particulates.

{0085]in one embodiment or in combination with any of the mentioned
embodiments, the MPW feedstock comprises not more than 20, not more than
15, not more than 12, not more than 10, not more than 8, not more than 6, not
more than 5, not more than 4, not more than 3, not more than 2, or not more
than 1 weight percent of biowaste materials, with the total weight of the MPW
feadstock taken as 100 weight percent on a dry basis. In one embaodiment or
in combination with any of the mentioned embodiments, the MPW feedstock
comprises from 0.01 to 20, from §.1 t0 10, from 0.2 to 5, or from 0.5 to 1 weight
percent of biowaste materials, with the total weight of the MPW feadstock taken
as 100 weight percent on a dry basis. As used herein, the term “biowaste”
refers to material derived from living organisms or of organic origin., Exemplary
biowasie materials include, but are not limited o, cotion, wood, saw dust, food

scraps, animals and animal parts, plants and plant parts, and manure.
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{0086]1in one embodiment or in combination with any of the mentioned
embodiments, the MPW feedstock comprises not more than 20, not more than
18, not more than 12, not more than 10, not more than 8, not more than 6, not
more than 5, not more than 4, not more than 3, not more than 2, or not more
than 1 weight percent of manufactured cellulose products, with the total weight
of the MPW feedstock taken as 100 weight percent on a dry basis. In one
embodiment or in combination with any of the mentioned embodiments, the
MPW feedstock comprises from 0.01 10 20, rom 0.1 10 10, rom 0.2 10 5, or
from 0.5 to 1 weight percent of manufactured celiuiose products, with the total
weight of the MPW feedstock taken as 100 weight percent on a dry basis. As
used herein, the ferm “manufactured cellulose products” refers o nonnatural
{i.e., manmade or machine-made)} articles, and scraps thereof, comprising
cellulosic fibers. Exemplary manufactured cellulose products include, but are
not limited to, paper and cardboard.

{00871 As noted above, in one embodiment or in combination with any of the
mentioned embodiments, the MPW may comprise non-plastic sofids. In one
embodiment or in combination with any of the mentioned embodiments, no
separate separation process is nesded or included to remove non-plastic solids
from the MPW. However, in one embaodiment or in combination with any of the
mentioned embodimenis, at least a portion of the non-plastic solids in the MPW
may be separated before the MPW feedstock is fed to the separation
process{es}, and particularly to the first density separation stage. Regardiess,
in one embodiment or in combination with any of the mentioned embodiments,
the MPW feedstock comprises not more than 20, not more than 15, not more
than 12, not more than 10, not more than 8, not more than 6, not more than 5,
not more than 4, not more than 3, not more than 2, or not more than 1 weight
percent of non-plastic solids, with the total weight of the MPW feedstock taken
as 100 weight percent on a dry basis. In one embodiment or in combination
with any of the mentioned embodiments, the MPW feedstock comprises from

(0.0110 20, from 0.1 10 10, from 0.2 to 5, or from 0.5 to 1 weight percent of non-
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plastic solids, with the total weight of the MPW feedstock taken as 100 weight
percent on a dry basis,

{6088} When introduced into the pre-processing facility 20, the mixed plastic
waste may underge one or more steps {o prepare it for chemical recycling. As
used herein, the term “pre-processing” refers to preparing waste plastic for
chemical recycling using one or more of the following steps: (i) comminuting;
(i) particulating; (i) washing; {iv) drying; andfor (v} separating. As used herein,
the term “preprocessing faclity” refers {0 a facility that includes all equipment,
lines, and controls necessary to carry out the pre-processing of waste plastic.
Pre-processing facilities as described herein may employ any suitable method
for carrying out the preparation of mixed plastic waste for chemical recycling.
{6089} In one embodiment or in combination with any of the mentioned
embodiments, the pre-processing facility 20 shown in FIG. 1 may include a
separation zone {not shown) for separating the mixed plastic waste into two or
more streams enriched in certain types of plastics. For example, the separation
zone may separate the mixed plastic waste into a PET-enriched stream 102
and a PO-enriched stream 104 as generally shown in FIG. 1. Additionally, a
stream of non-plastic, non-soluble components 105a and non-plastic soluble
components 105b may also be removed from pre-processing facility 20 and
routed {o various locations within or outside of the chemical recycling facility 10,
{0080 Examples of suitable types of separation techniques usable in the
separation facility 20 of chemical recycling facility 10 include mechanical
separation and density separation, which may include sink-float separation
andlor centrifugal density separation. As used herein, the term “sink-float
separation” refers {o a densily separation process where the separation of
materials is primarily caused by floating or sinking in a selected liquid medium,
while the term “centrifugal density separation” refers (o a density separation
process where the separation of materials is primarily caused by centrifugal
forces. in general, the term “density separation process” refers to a process for
separating maierials based, atleast in pari, upon the respective densities of the

materials into at least a higher-density oulput and a lower-density output.
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{8081] When sink-float separation is used in the pre-processing facility 20, the
liquid medium can comprise water. Salts, saccharides, and/or other additives
can be added to the liquid medium, for example o increase the density of the
liguid medium and adjust the target separation density of the sink-float
separation stage. In one embodiment or in combination with any of the
mentionad embodiments, the lguid medium comprises a concentrated salt
solution. In one or more such embodiments, the salf is sodium chloride. In one
or more other embodiments, however, the sall is a non-halogenated salt, such
as an acetate, a carbonate, a citrate, a nitrate, a nitrite, a phosphate, and/or a
sulfate.

{60921 1t should be understood that the target separation densities referred to
herein refer {o target plastic densities, as opposed to the densities of the
concentration salt sclution used in the separation processes, which may or may
not be the same as the target separation density for the plastic materials. For
example, in a typical sinkfficat separafion stage, the plastic and the
concentration salt solution densities are the same or substantially the same.
However, in a typical hydrocyclone separation stage, the concentrated salt
solution density is generally not greater than the target plastic density, but the
concentrated salt solution density can be less than the target plastic density. In
one embodiment or in combination with any of the mentioned embodiments, a
hydrocyclone separator is used with a concentrated salt solution having a
density of 1.25 to 1.35 g/ce and a target plastic separation density of 1.25 to
1.35 g/cc. Such embodiments will generally allow for higher PET purity, but
results in a large yield loss. In one embodiment or in combination with any of
the mentioned embodiments, a hydrocyclone separator is used with a
concentrated salt solution having a density of 1.00 to 1.20, or 1.10 to g/cc and
a target plastic separation density of 1.25 to 1.35 g/ce. Such embodiments will
generally result in lower PET purity, but the PET vield is higher.

{06093}in one embodiment or In combination with any of the mentioned
embodiments, the liquid medium comprises a concentraied salt solution

comprising sodium bromide, sodium dihydrogen phosphate, sodium hydroxide,
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sodium iodide, sodium nitrats, sodium thiosulfate, potassium  acstate,
potassium bromide, polassium carbonate, potassium hydroxide, potassium
icdide, calcium chloride, cesium chioride, iron chioride, strontium chioride, zinc
chioride, manganese sulfate, zinc sulfate, and/or silver nitrate.  In one
embodiment or in combination with any of the mentioned embodiments, the
liquid medium comprises a saccharide, such as sucrese. In one embodiment
or in combination with any of the mentioned embodiments, the liguid medium
comprises carbon tetrachioride, chioroform, dichlorobenzene, dimesthyl sulfate,
andfor trichioro ethylene. The particular components and concentrations of the
liguid medium may be selecied depending on the desired farget separation
density of the separation stage.

{0084} In one embodiment or in combination with any of the mentioned
embodiments, affer separation in the pre-processing facility 20, the separated
waste plastic streams (or, in one embodiment or in combination with any of the
mentionad embodiments, the mixed plastic waste stream) may optionally be
washed to remove inorganic, non-plastic solids such as dirt, glass, fillers and
other non-plastic solid materials, and/or to remove biological components such
as bacteria andfor food. The resulting waste plastic (whether separated or not)
may also be dried to a moisture content of not more than 5, not more than 3,
not more than 2, not more than 1, not more than 0.5, not more than 0.25 weight
percent water {(or liquid), bassd on the total weight of the stream.

[0095] As also shown in FIG. 1, a stream of non-plastic components 105 may
be withdrawn from pre-processing facility 20. The non-plastic component
stream 105 may include soluble components and non-soluble compaonents and
may originate from one or more locations within the pre-processing facility. The
soluble components may be those components which are substantially soluble
in water, having, for example, a solubility of at least 50, at least 85, at least 60,
at least 65, at least 70, at least 75, at least 80, at least 85, at least 80, at least
95, or at least 899 g per 100 grams of water, measured at 25°C and 1 aim
pressure. Examples of soluble components include, but are not limiied to, salts,

sugars, and combinations thereof.
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{8086] As shown in FIG. 1, after separation within the pre-processing facility 20,
a stream of non-plastic, soluble components 108b may be withdrawn from the
facility 20 and routed 1o a wastewater treatment facility (not shown). The
aqueous stream of non-plastic, soluble components 1058b can include at least
1, at least 2, at least 3, at least 5, af least 10, at least 15, at least 20, at least
25, at least 30 and/or not more than 50, not more than 45, not more than 40,
not more than 35, not more than 30, not more than 25, not more than 20, not
more than 15, not more than 10, not more than 7, or not more than 5 weight
percent of soluble, non-plastic components, based on the total weight of the
stream. The agueocus stream of non-plastic, soluble components 105b can
include soluble, non-plastic components in an amount in the range of 1 to 50
weight percent, 2 to 45 weight percent, or 5 to 25 weight percent, based on the
total weight of the stream. The balance of the stream can be or comprise water.
{8087} in one or more embodiments as also illustrated in FIG. 1, a stream of
non-plastic, non-scluble components can also be withdrawn from pre-
processing facility 20 via line 105a. The non-plastic, non-soluble components
withdrawn from the pre-processing facility 20 can include organics (such as
food or celivlosics, ke paper or cardboard), as well as dirt, glass, metal, rocks,
TEFLON®, intert-filled polyolefins such as polypropylene and polysthvlene,
silicon, and combinations thereof. At least 5, at least 10, at least 15, at least
20, or at least 25 weight percent and/or not more than 75, not more than 70,
not more than 60, not more than 55, not more than 50, not more than 45, not
more than 40, not more than 35, not more than 30, or not more than 25 weight
percent of the non-plastic, non-soluble components can comptise biomass or
other organic materials, or the amount of non-plastic, non-soluble componenis
can be in the range of from 5 to 75 weight percent, 10 to 60 weight percent, or
20 to 50 weight percent, based on the total weight of the stream.

{0098]In one embodiment or in combination with any of the mentioned
embodiments, the non-plastic, non-soluble components in stream 1058b can
include at least 45, at least 50, at least 55, al least 80, at least 65, at {east 70,

at least 75, or at least 80 weight percent and/or not more than 85, not more
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than 80, not more than 85, not more than 80, not more than 75, not more than
70, or not more than 85 weight percent of metals, based on the total weight of
the stream, or it can include metals in an amount in the range of from 45 o 95
weight percent, 50 to 85 weight percent, or 60 to 80 weight percent, based on
the total weight of the stream.

{009%in one embodiment or in combination with any of the mentioned
embodiments, the non-plastic, non-soluble component stream 105b can
include at least 5, at least 10, at least 15, atleast 20, at least 25, at least 30, at
least 35, at least 40, al least 45, atleast 50, atleast 85, at least 60, at least 65,
atleast 70, atleast 75, at least 80, atleast 85, at least 90, at least 85, or at least
99 weight percent organic compounds, based on the total weight of stream.
Additionally, or in the sglternative, the non-plastic, non-soluble component
stream 105b can include not more than 99, not more than 85, not more than
30, not more than 85, not more than 80, not more than 75, not more than 70,
not more than 85, not more than 80, not more than 55, not more than 50, not
more than 45, not more than 40, not more than 35, not more than 30, not more
than 25, not more than 20, not more than 15, not more than 10, or not more
than 5 weight percent organic compounds, based on the iotal weight of the
stream, or the stream can include organic compounds in the amount of 5 1o 85
weight percent, 15 to 85 weight percent, 25 to 75 weight percent, or 30 o 50
weight percent, based on the total weight of the stream.

{0100} in one embodiment or in combination with any of the mentioned
embodiments, the non-plastic, non-soluble component stream 105b can
include at least 5, at least 10, at least 15, atleast 20, al least 25, atleast 30, at
least 35, at least 40, at least 45, at least 50, at least 55, at least 60, at least 65,
atleast 70, atleast 75, atleast 80, atleast 85, atleast 80, atleast 85, or gt least
89 weight percent inorganic compounds, based on the total weight of stream.
Additionally, or in the allernative, the non-plastic, non-soluble component
stream 105b can include not more than 89, not more than 95, not more than
90, not more than 85, not mors than 80, not more than 75, not more than 70,

not more than 65, not more than 80, not more than 55, not more than 50, not
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more than 45, not more than 40, not more than 35, not more than 30, not more
than 25, not more than 20, not more than 15, not more than 10, or not more
than 5 weight percent inorganic compounds, based on the total weight of the
stream, or it may include inorganic compounds in an amount of § to 80 weight
percent, 10 to 60 weight percent, or 15 to 40 weight percent, based on the total
weight of the stream. BExamples of inorganic compounds include metals,
metalioids (like silicon), rocks, dirt, glass, and combinations thersof.

[{0101}in one embodiment or in combination with any of the mentioned
embodiments, the non-plastic, non-soluble stream 105a removed from pre-
processing facility 20 can be sent {o a subsequsent processing facility, wherein
one or more types of constituents from the stream may be removed and further
utilized. For example, n one embodiment or in combination with any of the
mentioned embodiments, atleast 20, atleast 25, at least 30, at least 35, atleast
40, at least 45, at least 50, al least 55, at least 80, al least 65, at least 70, at
least 75, at least 80, at least 85, at least 80, at least 85, or at least 99 weight
percent of the components in the non-plastic, non-soluble stream 105a can be
further processed, recycled, and/or sold. For example, metal components may
be removed and sold to a metals reclaiming facility {(not shown}. Altematively,
less than 20, not more than 15, not more than 10, not more than 5, not more
than 3, or not more than 1 weight percent of the non-plastic, non-soluble
components can be further processed, recycled, and/or sold.

{61021 in one embodiment or in combination with any of the mentioned
embodiments, at least 20, at least 25, at least 30, at least 35, at least 40, at
least 45, at least 50, at least 55, at least 60, at least 65, at least 70, atleast 75,
at least 80, at least 85, at least 90, or at least 85 weight percent of the non-
plastic, non-scluble components from the pre-processing facility 20 can be
introduced into the partial oxidation (POX) gasifier 50, as shown in FIG. 1.
Alternatively, less than 20, not more than 15, not more than 10, not more than
5, not more than 3, or not more than 1 weight percent of the non-plastic, non-
soluble components can be introduced into the POX gasifier 50, In one

embadiment or in combination with any of the mentioned embaodiments, at least
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a portion of the components may be transported to an industrial landfill or other
processing facility {(not shown).

{31031 As generally depicted in FIG. 1, the PG-enriched plastic stream 104
withdrawn from the pre-processing facility 20 {or a PO-enriched waste plastic
stream from an outside source) may be rouled to one or more of several
facilities within the chemical recycling facility 10. In one embodiment or in
combination with any of the mentioned embodiments, at least a portion or gl of
a polyolefin-enriched (PC-enriched) plastic stream 104 may be directly or
indirectly sent to at least one of (i) a partial oxidation (POX) gasification facility
50; (i) a pyrolysis facility 60, (i} a cracker facility 70; (v} an energy
generation/production facility 80; and {v} a reuse facility 80, Various
embodiments of each of these types of facilities are discussed below, with
reference to the Figures, along with specific examples of how two or more of
the above facilities may be integrated with one ancther within the chemical
recycling facility 10.

{61041 in one or more embodiments as mentioned previously, the mixed plastic
waste stream 100 may be separated into a PET-enriched stream 102 and a
PO-enriched stream 104 in the pre-processing facility 20, As used hergin, the
term “enriched” means having a concentration (on a dry weight basis) of &
specific component that is greater than the concentration of that component in
a reference material or stream. As used herein, all weight percentages are
given on a dry basis, unless otherwise noted. Thus, the PET-enriched stream
102 of waste plastic formed in and/or withdrawn from the pre-processing facility
20 may have a higher concentration of PET than the concentration of PET in
the mixed waste feed siream 100 introduced into the pre-processing facility 20,
Similarly, the PO-enriched waste plastic stream 104 formed in and/or withdrawn
from the pre-processing faciity 20 may have a higher concentration of PO than
the concentration of PO in the mixed plastic waste stream 100 introduced into
the pre-processing facility 20,

[3105]In one embodiment, the PET-enriched stream 102 is enriched in

concentration of PET relative to the concentration of PET in the MPW stream,
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or the PET-depleted stream, or both, on an undiluted solids dry basis. For
example, if the PET-enriched stream 102 is diluted with liquid or other solids
after separation, the enrichment would be on the basis of a concentration in the
undiluted PET-enriched stream, and on a dry basis. In one embodiment or in
combination with any of the mentioned embodiments, the PET-enriched stream
102has a percent PET emvichment relative to the MPW stream, the PET-
depleted stream, or both that is at least 10, at least 20, at least 40, at least 50,
at least 60, at least 80, at least 100, at least 125, at least 150, at least 175, at
least 200, at least 225, at least 250, at least 300, al ieast 350, at least 400, at
least 500, at least 600, at least 700, at least 800, at least 800, or at least 1000
percent as determinad by the formulas:
PETe — PETm

WPETenrichment = ~—PETm x 100
and
I PETe — PET
Y% PETenrichment = T x 100
PET:

where PETe is the concentration of PET in the PET-enriched
stream 102 on an undiluted dry weight basis; and
PETm is the concentration of PET in the MPW stream on a dry
weight basis, and PETd is the concentration of PET in the PET-depleted
stream on a dry weight basis,
[3106] In one embodiment or in combination with any of the mentioned
embodiments, the PET-enriched stream 102 is also enriched in halogens, such
as fluorine {(F), chlorine (Ch), bromine (Br), lodine (1}, and astatine {Al), and/or
halogen-containing compounds, such as PVC, relative to the concentration of
halogens in the MPW stream, or the PET-depleted stream, or both In one
embodiment or in combination with any ¢f the mentioned embodiments, the
PET-enriched stream 102 has a percent PVC enrichment relative to the MPW
stream that is at least 1, atleast 3, at least 5, at least 7, atleast 10, at least 15,

at least 20, at least 40, at least 50, at least 80, at least 80, at least 100, at least
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125, at least 150, at least 175, at least 200, at least 225, at least 250, at least
300, at least 350, at least 400, at least 500 percent, as determined by the

formula:
) ) i PVle - PVim
YBPV{enrichment = ——————————— x 100
PVim
and
%PV Cenrict - FVie — PVCd 100
b enrichment = P X

where PVCe is the conceniration of PVC in the PET-enriched
stream 102 on an undiluted dry weight basis; and
PYCm is the concentration of PVC in the MPW stream on an
undiluted dry weight basis, and
whare PV(Cd is the concentration of PVC in the PET-depleted
stream on an undiluted dry weight basis.
[01071Due to the separation of polyolefins from the PET, the PET-depleted
stream is enriched in polyolefins relative to the concentration of polyolefins in
the MPW feed, or the PET-enriched stream, or both, on an undiluted solids dry
basis. In one embodiment or in combination with any of the mentionad
embodiments, the PET-depleted stream has a percent polyolefin enrichment
relative to the MPW stream or relative to the PET-enriched stream 102 or both
that is at least 10, atleast 20, at least 40, at least 50, at least 60, at least 80, at
least 100, at least 125, at least 180, at least 175, at least 200, at least 225, at
least 250, at least 300, at least 350, atf least 400, st least 500, at least 600, at

least 700, at least 800, at least 900, or at least 1000 percent, as determined by

the formula:
o . POd — POm
%P Oenrichment = BT x 100
and
] POd ~ POe
Y%POenrichment = -7 e x 100
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where POd is the concentration of polyolefins in the PET-depleted
stream on an undifuted dry weight basis; and
POm is the concentration of PO in the MPW stream on & dry
weight basis, and
PQOe is the concentration of PO in the PET-enriched stream.
{0108] In one embodiment or in combination with any of the mentioned
embodiments, the PET-depleted stream is also depleted in halogens, such as
fluorine (F), chiorine (Ch), bromine (Br), iodine {1}, and astatine {(Af), and/or
halogen-containing compounds, such as PVC, relative {0 the concentration of
haiogens in the MPW stream, the PET-enriched stream, or both. in one
embodiment or in combination with any of the mentioned embodiments, the
PET-depleted stream has a percent PVT depletion, relative to the MPW stream
or the PET-enriched stream 102 or both, that is at least 1, atleast 3, at least 5,
at least 7, at least 10, at least 15, at least 20, at least 25, at least 30, at least
35, at least 40, at least 50, at least 80, af least 65, at least 70, at least 75, at
least 80, at least 85, at least 80 percent, as determined by the formulas:
FVCm — PV(Cd

%PV Cdepletion = e ¥ 100
and
, o PV{e - PVCd
WPV depletion = e x 100
PV(e

where PVCm is the concentration of PVC in the MPW stream on
an undiluted dry weight basis;
PVCd is the concentration of PVC in the PET-depleted stream on
an undiluted dry weight basis; and
PVCe is the concentration of PVYC in the PET-enriched stream
102 on an undiluted dry weight.
f31091In one embodiment or in combination with any other mentioned
embodiments, the PET-depleted stream is also depleted in PET, relative to the
concentration of PET in the MPW stream, the PET-enriched stream, or both.

in one embodiment or in combination with any of the mentioned embodiments,
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the PET-depleted stream has a percent PET depletion, relative to the MPW
stream or the PET-enriched stream 102 or both, that is at least 1, at least 3, at
least 5, atleast 7, at least 10, at least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 50, atleast 60, atleast 65, at least 70, atleast 75,

at least 80, at least 85, at least 90 percent as dsetermined by the formulas:

. PETm — PETd
YWBPETdepletion = —mmmmessn ¢ 1 3
PETm
and
wopETdepletion = e PET og
VePETdepletion = ST x 160

where PETm is the concentration of PET in the MPW stream on
an undifuted dry weight basis;
PETd is the concentration of PET in the PET-deplsted stream on
an undiluted dry weight basis; and

{31101 PETe is the concentration of PET in the PET-enriched stream 102 on an
undiluted dry weight.
{31111 The percentage of enrichment or depletion in any of the above
embodiments can be measured as an average over 1 week, or over 3 days, or
aver 1 day, and the measurements can be conducted to reasonably correlate
the samples taken at the exits of the process to MPW bulk from which the
sample of MPW is taken in order to account for the residence time of the MPW
flowing from entry to exit. For example, if the average residence time of the
MPW in the pre-processing facility 20 {or separation zone within the pre-
processing facility 20) is 2 minutes, then the outlet sample would be taken two
minutes after the input sample, so that the samples correlate to one ancther,
{81121in one embodiment or in combingtion with any of the mentioned
embodiments, the PET-enriched stream 102 exiting the separation zone or the
pre-processing facility 20 may include at least 50, at least 55, at {east 60, at
least 65, atleast 70, atleast 75, atleast 80, at least 85, at least 80, at least 85,
at least 97, al least 99, or al least 99.5 weight percent PET, based on the total
weight of the PET-enriched stream 102. The PET-enriched stream 102 may
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include at least 50, at least 55, at least 60, at least 65, at least 70, at least 75,
at least 80, at least 85, at least 90, or at least 95 weight percent of the {otal
amount of PET introduced into the pre-processing facility 20.

{81131 The PET-enriched stream 102 may also be enriched in PVC and can
include, for example, at least 0.1, at least 0.5, at least 1, at least 2, at least 3,
at least 5 and/or not more than 10, not more than 8, not more than §, not more
than 5, not more than 3 weight percent of halogens, including PVC, based on
the total weight of the PET-enriched stream 102, or it can include halogens
{including PVYC) In an amount of 0.1 to 10 weight percent, 0.5 to 6 weight
percent, or .5 to 3 weight percent, based on the {otal weight of the stream.
{6114] The PET-enriched stream 102 withdrawn from the pre-processing facility
20 {or sgparation zone} may also be depleted in PO. As used herein, the term
“depleted” means having a concentration {on a dry weight basis} of a specific
component that is less than the conceniration of that component in a reference
material or stream. In ons embodiment or in combination with any of the
mentioned embodiments, the PET-enriched stream 102 may comprise not
more than 45, not more than 40, not more than 35, not more than 30, not more
than 25, not more than 20, not more than 15, not more than 10, not more than
5, not more than 2, not more than 1, not more than 0.5 weight percent PO,
based on the total weight of the PET-enriched stream 102,

{0115 However, it should be undersiood that the halogen concentration in the
PET-enriched stream (and the PET-depleted stream) is based, at least in part,
on the halogen content in the MPW feedstock, and thus even lower amounts of
halogens may be present in the PET-enriched stream. In one embodiment or
in combination with any of the mentioned embodiments, the PET-enriched
stream 20 comprises not more than 1000 ppm, not more than 500 ppm, not
more than 100 ppm, not more than 50 ppm, not more than 15 ppm, not more
than 10 ppm, not more than 5 ppm, or not more than 1 ppm halogens and/or
halogen-containing compounds on a dry basis.

[(31186] The PET-enriched stream 102 may comprise not more than 10, not more

than 8, not more than 5, not more than 3, not more than 2, or not more than 1
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weight percent of the total amount of PO introduced into the pre-processing
facHity 20. In one embodiment or in combination with any of the mentioned
embodiments, the PET-enriched stream 102 may also comprise not more than
45, not more than 40, not more than 35, not more than 30, not more than 25,
not more than 20, not more than 15, not more than 10, not more than &, not
more than 2, not more than 1 weight percent of components other than PET,
based on the total weight of PET-enriched stream 102.

{3117 Similarly, the PC-enriched stream 104 may include at least 50, at least
55, at least 60, af least 65, at least 70, at least 75, at least 80, at least 85, at
least 80, at least 95, at least 97, at least 88, or at least 88.5 weight percent PO,
based on the total weight of the PO-enriched stream 104, The PQO-enrichad
stream 104 may also be depleted in PVC and can include, for example, not
more than 5, not more than 4, not more than 3, not more than 2, not more than
1, not more than 0.5, not more than 0.1 weight percent of halogens or PVC,
based on the total weight of the PO-enriched stream 104. The PC-enriched
stream 104 may include at least 50, at least 55, at least 60, at least 65, at least
70, st least 75, at least 80, at least 85, at least 80, or at least 85 weight percent
of the total amount of PO introduced into the pre-processing facility 20,

{8118] The PQ-enriched stream 104 withdrawn from the pre-processing facility
20 may also be depleied in PET. For example, in one embodiment or in
combination with any of the mentioned embaodiments, the PO-enriched stream
104 may comprise not more than 45, not more than 40, not more than 35, not
more than 30, not more than 25, not more than 20, not more than 15, not more
than 10, not more than 5, not more than 2, not more than 1, not more than 0.5
weight percent PET based on the {olal weight of the PO-enriched stream 104,
{6118] The PO-enriched stream 104 may comprise not more than 10, not more
than 8, not more than 5, not more than 3, not more than 2, or not more than 1
weight percent of the total amount of PET introduced into the pre-processing
facHity 20. In one embodiment or in combination with any of the mentioned
embodiments, the PO-enriched stream 104 may also comprise not more than

45, not more than 40, not more than 35, not more than 30, not more than 25,
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not more than 20, not more than 15, not more than 10, not more than 5, not
more than 2, or not more than 1 weight percent of components other than PO,
based on the total weight of PO-enriched stream 104.

{0120}in one embodiment or in combination with any of the mentioned
embodiments, the PO-enriched stream 104 may also have one or more of the
following characteristics ~

{61213 An ash content of not more than 5, not more than 4.5, not more than 4,
not mora than 3.5, not more than 3, not more than 2.5, not more than 2, not
more than 1.5, not more than 1, or not more than 0.5 weight percent;

f31221A halogen content of not more than 250, not more than 225, not more
than 200, not more than 175, not more than 150, not more than 125, not more
than 100, not more than 75, not more than 50, not more than 25, not more than
18, or not more than 5 ppm by weight {(on a dry basis);

{81231 Not more than 5, not more than 4.5, not more than 4, not more than 3.5,
not more than 3, not more than 2.5, not more than 2, not more than 1.5, not
more than 1, not more than 0.75, not more than 0.5, not more than 0.25 weight
percent of nitrogen-containing compounds;

{0124} Not more than 5, not more than 4.5, not more than 4, not more than 3.5,
not more than 3, not more than 2.5, not more than 2, not more than 1.5, not
more than 1, nol more than 0.75, not more than 0.5, not more than 0.25 weight
percent of oxygenated compounds;

[3125]Not more than 10, not more than 8, not more than 8, not mors than 4,
not more than 2, not more than 1, not more than 0.5 weight percent of
polyethylene terephthalate;

{6128} A mercury content of not more than 1, not more than 0.75, not more than
(.50, not more than 0.25, not more than 0.10, or not more than 0.05 ppm;
{81271 An arsenic content of not more than 100, not more than 75, not more
than 50, not more than 25, not more than 10, not more than & ppm; and
{01281 Melt viscosity of less than 25,000, less than 15,000, less than 10,000, or
less than 5000 poise measured using a Brookfield R/S rheometer with V80-40
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vane spindle operating at a shear rate of 10 rad/s and a temperature of 250°C,
or from 1 to 5000 poise, or 500 to 3000 poise,

{0129 Wherein all of the weights are based on the total weight of the PO-
enriched stream 104. In one embodiment or in combination with any of the
mentioned embodiments, the PO-enriched stream 104 may comprise one, two,
three, four, five, six, seven, or all of the above characteristics.

{61301 Ash content can be determined by thermally vaporizing the non-ash
components and gravimetrically weighing the ash according to ASTM DS830-
13. The halogen content can be determined via Uniquant X-ray fluorescence
or combustion ion chromatography. The nitrogen-containing compounds can
be measured using a nitrogen analyze or a CHN analyzer. The mercury and
arsenic content may be determined using ICP-OES.

{0131}in one embodiment or in combination with any of the mentioned
embodiments, the PO-enriched stream 104 may have a mell viscosity of at least
1, at least 5, at least 50, at least 100, at least 200, at least 300, at least 400, at
least 500, at least 600, at least 700, at least 800, at least 900, at least 1000, at
least 1500, at least 2000, af least 2500, at least 3000, at legst 3500, at least
4000, at least 4500, at least 5000, at least 5500, at least 6000, at least 6500,
at least 7000, at least 7500, at least 8000, at least 8500, at least 3000, at least
9500, or atf least 10,000 poise. Alternatively, or in addition, the PG-enriched
stream 104 may have a melt viscosity of not more than 25,000, not more than
24,000, not more than 23,000, not more than 22,000, not more than 21,000, not
more than 20,000, not more than 18,000, not more than 18,000, or not more
than 17,000 poise, measured using a Brookfield R/S rheometer with V80-40
vane spindle operating at 3 shear rale of 10 rad/s and a temperature of 250°C.
The melt viscosity of the PQ-enviched stream can be in the range of 1 1o 25,000
poise, 100 o 20,000 poise, or 2000 fo 17,000 poise.

{0132}in one embodiment or in combination with any of the mentioned
embodiments, the PQO-enriched stream 104 comprises not more than 4, not
more than 2, not more than 1, not more than 0.5, not more than 0.1 weight

percent of adhesives, based on the total weight of the stream.
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{8133]in one embodiment or in combination with any of the mentioned
embodiments, at least 50, at least 75, at least 80, at least 95, at least 89, or at
least 100 weight percent of the PVC in the PET-enriched stream 20 remains in
the PET-enriched stream 20 upon processing the PET polymers in the PET
enriched stream 20 in downsiream chemical recycling processes. In one
embodiment or in combination with any of the mentioned embodiments, from
50 to 100, or from 75 to 99, or from 90 to 95 weight percent of the PVC in the
PET-enriched stream 20 remains in the PET-enriched stream 20 upon
processing the PET polymers in the PET enriched stream 20 in downstream
chemical recycling processss,

{61341in one embodiment or in combination with any of the mentioned
embodiments, the PET-enriched stream 20 is depleted in multi-layer plastics,
relative to the MPW 10, the PET-depleted stream 30, or both. |n one
embodiment or in combination with any of the mentioned embodiments, the
PET-enriched stream 20 comprises not more than 10, not more than 5, not
more than 2, not more than 1, or not more than 0.1 weight percent multi-layer
plastics on a dry basis. In one embodiment or in combination with any of the
mentioned embodiments, the PET-enriched stream 20 comprises from 0.01 to
10, from 0.05 to 5, or from 0.1 to 2, or from 0.5 to 1 weight percent multi-layer
plastics on a dry basis,

{6135]in one embodiment or in combination with any of the mentioned
embaodiments, the PET-enriched stream 20 is depleted in multi-component
plastics, relative to the MPW 10, the PET-depleted stream 30, or both. in one
embodiment or in combination with any of the mentioned embodiments, the
PET-enriched stream 20 comprises not more than 10, not more than 5, not
more than 2, not more than 1, or not more than 0.1 weight percent multi-
component plastics on a dry basis. In one embodiment or in combination with
any of the mentioned embodiments, the PET-enriched siream 20 comprises
from 0.01 t0 10, from 0.05 10 5, or from 0.1 10 2, or from 0.5 to 1 weight percent

multi-component plastics on a dry basis,
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{0138} As shown in FIG. 1, both the PET-enriched stream 102 and the PO-
enriched stream 104 may be introduced into one or more downsiream
processing facilities within the chemical recycling facility. In one embodiment
or in combination with any of the mentioned embodiments, at least a portion of
the PET-enviched stream 102 may be introduced into a solvolysis Tacility 30,
while at least a portion of the PO-enviched stream 104 may be directly or
indirecily introduced into one or more of g pyrolysis facility 80, a cracking
{cracker} facility 70, a pertial oxidation (POX) gasification facllity 50, a
solidification facility 40, and an energy generation/production facility 80
Alternatively, or in addition, all or a portion of the stream can be sent to an
industrial landfill and/or further processed andior sold.  Additional detalls of
each type of facility, as well as the integration of each of these faciliies with
one or more of the others according to one or more embodiments of the present
technology are discussed in further detail below.

[01371In one embodiment or in combination with any of the mentioned
embodiments, the pre-processing step(s) andior separstion process{es)
described herein are particularly effective at separating nylons and other
plastics associated with PET in the form of multi-layer plastics or other multi-
component plastics. Regardiess the mode of associgtion, the pre-processing
and/or separation process{es) may effectively disassociaie and separate the
nylon andfor other plastics from the PET, thereby allowing for increased
separation efficiency of these components.

f3138]In one embodiment or in combination with any of the mentioned
embodiments, the PET-enriched stream 20 comprises not more than 5, not
more than 4, not more than 3, not more than 2, not more than 1, not more than
0.5, or not more than 0.1 weight percent associated PET-nylon on a dry basis.
in one embodiment or in combination with any of the mentioned embodiments,
the PET-enriched stream 20 comprises from 0.001 to 5, from 0.01 1o 2, or from
0.1 to 1 weight percent associated PET-nylon on a dry basis.

[3139]In one embodiment or in combination with any of the mentioned

embadiments, the PET-enriched stream 20 comprises not more than 20, not
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more than 15, not more than 10, not more than 5, not more than 2, or not more
than 1 weight percent of the asscciated PET-nylon that is present in the MPW
and/or the MPW feedstock stream fed {o the first separation stage, on a dry
basis. in one embodiment or in combination with any of the mentioned
embodiments, the PET-enriched stream 20 comprises from 0.01 1o 20, from 0.1
to 10, or from 1 to 5 weight percent of the associated PET-nylon that is present
in the MPW and/or the MPW feedstock stream fed to the first separation stage,
on a dry basis.

{3140}in one embodiment or in combination with any of the mentioned
embodiments, the PET-depleted stream 30 is enriched in multi-layer plastics,
relative to the MPW 10, the PET-enriched stream 20, or both. However, in one
embodiment or in combination with any of the mentioned embodiments, the
PET-depleted stream 30 is depleted in multi-layer plastics, relative {o the MPW
10.  In one embodiment or in combination with any of the mentioned
embodiments, the PET-depleted stream 30 comprises at least 0.001, af least
0.01, atleast 0.1, or at least 1 weight percent and/or not more than 10, not more
than 8, not more than 8, or not more than 4 weight percent multi-layer plastics
on a dry plastic basis. In one embodiment or in combination with any of the
mentioned embodiments, the PET-depleted stream 30 comprises from $.001
to 10, from 0.01 o 8, from 0.1 to 6, or from 1 to 4 weight percent mulli-layer
plastics on a dry plastic basis. In one embodiment or in combination with any
of the mentioned embodiments, the weight ratio of the mulli-layer plastics in the
PET-depleted stream to the multi-layer plastics in the PET-enriched stream is
at least 1:1, at least 2:1, at least 51, at least 11, at least 5011, or at least
100:1.

{61411in one embodiment or in combination with any of the mentioned
embodiments, the PET-depleted stream 30 is enriched in multi-component
plastics, relative to the MPW 10, the PET-enriched stream 20, or both.
However, in one embodiment or in combination with any of the mentioned
embodiments, the PET-depleted stream 30 is depleted in multi-component

plastics, relative to the MPW 10. in one embodiment ar in combination with any
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of the mentioned embodiments, the PET-depleted stream 30 comprises at least
0.001, at least 0.01, af tleast 0.1, or at least 1 weight percent and/or not more
than 10, not more than 8, not more than 6, or not more than 4 weight percent
multi-component plastics on a dry plastic basis. In one embodiment or in
combination with any of the mentioned embodiments, the PET-depleted stream
30 comprises from 0.001 t¢ 10, from 0.01 t0 8, from 0.1 to 6, or from 1 to 4
weight percent mulli-component plastics on a dry plastic basis. In one
embodiment or in combination with any of the mentioned embodiments, the
weight ratio of the muiti-component plastics in the PET-depleted stream to the
multi-component plastics in the PET-enriched stream is at least 1.1, at least
2:1, at least 5:1, at least 10:1, at least 50:1, or at least 100:1.

{61421 in one embodiment or in combination with any of the mentioned
embodiments, the PQO-enriched stream 104 may be further processed within
pre-processing facility 20 before being routed to one or more downstream
facilities. For example, at least a portion, or all, of the PO-enriched stream 104
may be optionally pulverized and pelietized {or micro-pelletized), or all or a
portion of the stream may be sent directly to one or more of the downsiream
facilities listed above. in one embodiment or in combination with any of the
mentioned embodiments, all or a portion of the solids, whether directly from the
separation zone or after pulverization and/or pelletization, may be sent directly,
may be combined with other solids, or may be combined with a liquid to form a
slurry.

{3143} When pulverized, the PO-enriched flake from within the pre-processing
facility 20 can be passed to a pulverizer, wherein the flake {or other solids) is
contacted with a plurality of cutting blades or discs to reduce the particle size
of the incoming material. The number and size of the blades may be selected
o achieve the desired final particle size. After size reduction, the resulting
material can be screened o provide a final solids stream with a specified
particle size distribution.

{31441 When pelletized, the feed siream can be introduced into a melt extruder,

wherein it is heated and melted to form a molten polymer at a temperature of
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at least 240, at least 245, at least 250, at least 255, at least 260°C and/or not
more than 310, not more than 305, not more than 300, not more than 290, not
more than 280, not more than 275, not more than 270, not more than 265, or
not more than 260°C. The molten polymer Is then passed through a die plate
with a plurality of holes and the resulling polymer strands are cut, optionally
under water, to form pellets. The resulting pellets can have an average particle
size, measured glong the longest dimension, of at least 0.5, at least 0.75, at
least (.90, atleast 1, at least 1.1, at least 1.25 mm and/or not more than 2.25,
not more than 2.1, not more than 2, not more than 1.75, or not more than 1.8
mm.

{6145] Although described herein as being part of a single chemical recycling
facility 10, it should be understood that one or more of the pre-processing facility
20, solvolysis facility 30, pyrolysis facility 60, cracking facility 70, partial
oxidation (POX) gasification facility 50, solidification facility 40, energy
generation/production facility 80, and reuse facility 90 may be located in &
different geographical location and/or be operated by a different commercial
entity. In one embodiment or in combingtion with any of the mentioned
embodiments, each of the pre-processing facility 20, solvolysis facility 30,
pyrolysis facility 60, cracking facility 70, partial oxidation {POX} gasification
facility 50, solidification facility 40, energy generation/production facility 80 and
reuse facility 80 may be operated by the same entity, while, in other cases, one
or more of the pre-processing facility 20, solvolysis facility 30, pyrolysis facility
60, cracking facility 70, partial oxidation {POX) gasification facility 50,
solidification facility 40, energy generation/production facility 80 and reuse
facility 80 may be operated by a different entily.

{6148]in one embodiment or in combination with any of the mentioned
embodiments, the chemical recycling facility 10 may be a commercial-scale
facility capable of processing significant volumes of mixed plastic waste. As
used herein, the term “commercial scale facllity” refers to a facility having an
average annual feed rate of at least 500 pounds per hour, averaged over one

year. in one embodiment or in combination with any of the mentioned
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embodiments, the average feed rate to the chemical recycling facility (or to any
one of the pre-processing facility 20, the solvolysis facility 30, the pyrolysis
facility 60, the cracking facility 70, the partial oxidation (POX) gasification facility
50, the solidification facility 40, the energy generation/production facility 80, and
the reuse facility 80) can be atleast 1000, at least 1500, at least 2000, at least
2500, at least 3000, at least 3500, at least 4000, at least 4500, at least 5000,
atf {east 5500, at least 6000, at least 6500, at least 7500, af least 10,000, al
least 12,500, at least 15,000, at least 17,500, at least 20,000, at least 22,500,
at least 25,000, at least 27,500, at least 30,000 or at least 32,500 pounds per
hour and/or not more than 500,000, not more than 450,000, not more than
400,000, not more than 350,000, not more than 300,000, not more than
250,000, not more than 200,000, not more than 150,000, not more than
100,000, not more than 75,000, not more than 50,000, or not more than 40,006
pounds per hour {lbs/hr), or it can be in the range of 1000 to 500,000 lbs/hr,
3500 o 250,000 lbs/hr, or 10,000 to 100,000 Ibs/hr. When a facility includes
two or more feed streams, the average annual feed rate is determined based
on the higher volume feed stream.

{0147} Additionally, In one embodiment or in combination with any of the
mentioned embodiments, the chemical recycling facility 10 {or any one of the
pre-processing facility 20, the solvolysis facility 30, the pyrolysis facility 60, the
cracking facility 70, the partial oxidation (PCOX) gasification facility 50, the
solidification facility 40, the energy generation/production facility 80 and the
reuse facility 90) may be operated in a continuous manner,

{6148] Additionally, or in the alternative, at least a portion of the chemical
recycling facility {or any of the pre-processing facility 20, the solvolysis facility
30, the pyrolysis facility 60, the cracking facility 70, the partial oxidation (POX)
gasification facility 50, the solidification facility 40, and the energy
generation/production facility 80) may be operated in a batch or semi-baich
manner. In some cases, the facility may include a plurality of tanks between
portions of a facility or between faciliies to manage inventory and ensure

consistent flow rates into each facility.
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{6149] in addition, two or more of the facilities shown in FIG. 1 may also be co-
located with one another. In one embodiment or in combination with any of the
mentioned embodiments, at least two, three, four, five, six, or all of the facilities
may be co-located. As used herein, the term “co-located” refers to facilities in
which at least a portion of the processes or supporting equipment or services
are shared between the two facilities. In one embodiment or in combination
with any of the mentioned embodiments, when two or more of the facilities
shown in FIG. 1 are co-located, the facilities may meet at least one of the
following criteria (i) through (v} (i) the faciliies share at least one uiility; {ii) the
facilitiss share at least one service group; (i) the facilitiss are owned and/or
operated by parties that share at least one boundary; {(iv) the facilities are
connected by at least one conduit; and (v} the facilities are within 40, within 35,
within 30, within 20, within 15, within 12, within 10, within 8, within 5, within 2,
or within 1 mile of one another, measured from their geographical center. Al
least one, two, thres, four, or all of the above may be true.

{01508] Regarding (i), examples of suitable utilities include, but are not limited
to, sieam systems {co-generation and distribution systems), cooling water
systems, heat transfer fluid systems, plant or instrument air systems, nitrogen
systems, hydrogen systems, elsctrical generation and distribution, including
distribution above 8000V, waste waler/sewer systems, siorage facilities,
transport lines, flare systems, and combinations thereof.

[0151]Regarding (i), examples of service groups and facilities include, but are
not kmited to, emergency services personnel {fire and/or medical}, a third-party
vendor, a government oversight group, and combinations thereof. Government
oversight groups can include, for example, regulalory or environmental
agencies, as well as municipal and taxation agencies ai the city, county, and
state fevel.

{0152} Regarding (iii}, the boundary may be, for example, a fence line, a
property ling, a gate, or common boundaries with at isast one boundary of a

third-party owned land or facility.
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{0153 Regarding (iv), the conduit may be a fluid conduit, such as a gas-filled or
liquid-filled conduit, or an electrical conduil. In some cases, two units may
share one of more conduits selected from the above list. Fluid conduits may
be used to transport process streams or utilities between the two units. For
example, the inlet of one facility (e.q., the solvolysis facility 30) may be fluidly
connected via a conduit with the inlet of ancther facility (e.g., the PCOX
gasification facility 50). In some cases, the interim siorage between the outlet
of gne facility and the inlet of another can be not more than 90, not more than
75, not more than 80, not more than 40, not more than 30, not more than 25,
not more than 20, not more than 15, not more than 10, not more than 5, not
more than 2 days or not more than 1 day.

[61541in one embodiment or in combination with any of the mentioned
embodiments, one or more of the above streams withdrawn from the pre-
processing facility 20, including the non-plastic, non-soluble stream 105a, the
PC-erriched stream 104, and the PET-enriched stream 102, can be or
comprise solids. Examples of such streams can include, solid particles
transportable by solids transport devices and systems, as well as mells and
sfurries.

[0155] Additional embodiments of specific faciliies within the chemical

recycling facility as shown in FIG. 1 are described in further detail below.

Solvolysis Facility

31581 In one embodiment or in combination with any of the mentioned
embodiments, at least a poition of a PET-enriched stream 102 may be
introduced into a solvolysis facility 30, As used herein, the term “solvolysis” or
“ester solvolysis” refers to a reaction by which an ester-containing feed is
chemically decomposed in the presence of a solvent to form a principal carboxyl
product and a principal glveol product. A “solvolysis facility” is a facility that
includes all equipment, lines, and controls necessary to carry out solvolysis of
waste plastic and feedstocks derived therefrom. As used herein, the term

“principal carboxyl” refers to the main or key carboxyl product being recovered
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from the solvolysis facility. As used herein, the term “principal glyeol” refers to
the main glycol product being recovered from the solvolysis facility.

[3M157TWhen the ssier being subjected to solvolysis comprises PET, the
solvolysis performed in the sobvolysis facility may be PET solvolysis. As used
herein, the term "PET solvolysis” refers to a reaction by which a polyester
terephthalate-containing feed is chemically decomposed in the presence of a
solvent to form a principal terephthalyl product and a principal glycol product.
As used herein, the term “principal terephthalyl” refers to the main or key
terephthalyl product being recovered from the solvolysis facility. As used
herein, the term “glycol” refers {o a component comprising two or more ~OH
functional groups per molecule. As used herein, the term “terephthalyl” refers

to a molecule including the following group:

{61581in one embodiment or in combination with any of the mentioned
embodiments, the principal terephthalyt formed during solvolysis comprises a
terephthalyl such as terephthalic acid or dimethyl terephthalate {or cligomers
thereof), while the principal glycol formed during solvolysis comprises a glycol
such as ethylene glycol and disthylens glycol. The main sieps of a PET
solvolysis facility according to one or more embodiments of the present
technology are generally shown in FIG. 2, the details of which will be described
hereafter,

{015%lin one embodiment or in combination with any of the mentioned
embodiments, the principal solvent used in solvolysis comprises a chemical
compound having at least one ~OH group. Exampilss of suitable solvenis can
include, but are not limited to, water (in which case the solvolysis may be
referred to as "hydrolysis™), alcohols {in which case the solvolysis may be
referred to as “aleoholysis”) such as methanol (in which case the solvolysis may
be referred to as "methanclysis™ or sthanol {in which case the solvolysis may

be referred to as “ethanclysis™), a glycol such as ethylene glycol or disthylene
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glycol {in which case the solvolysis may be referred o as “glycolysis”), or
ammonia {in which case the solvolysis may be referred to as "ammonolysis”).
{0160} in one embodiment or in combination with any of the mentioned
embodiments, the solvent can include at least 50, at least §5, at least 60, at
least 85, atleast 70, al least 75, al least 80, at least 85, at least 90, at least 85,
or at least 99 weight percent of the principal solvent, based on the total weight
of the solvent stream. In one embodiment or in combination with any of the
menticned embodiments, the solvent may comprise not more than 45, not more
than 40, not more than 35, not more than 30, not more than 25, not more than
20, not more than 15, not more than 10, not more than 5, not more than 2, or
not more than 1 weight percent of other solvents or components.

{61611 When a solvolysis facility 30 utilizes methanol as the principal solvent,
the facility may be referred o as a methanolysis facility. In one embodiment or
in combination with any of the mentioned embodiments, the chemical recycling
facility 10 of FIG. 1 may include & methanolysis facility,

{61621 Turning now to FIGS. 2 and 3, block flow diagrams providing schematic
representations of the main steps of a PET solvolysis facility 230 (FIG. 2} and
a PET methanolysis facility 330 (FIG. 3) are presented. During solvolysis, PET
can be chemically decomposed to form the principal glycol and the principal
tergphthalyl. When the feedstock to the solvolysis facility 230 includes mixed
plastic waste, the principal glycol and the principal terephthalyl include recycle
content and comprise recycle content glyeol {(r-glycol) 206 and recycle content
terephthalyl {r-terephthaiyl} 208, as shown in FIG. 2. Addilionally, several
solvolysis co-product streams are also produced, which will be discussed in
detall below.

{0163} Similarly, during methanolysis, PET can be chemically decomposed to
form ethylene glyeol {(EG) as the principal glycol and dimethyl terephthalate
{DMT) as the principal terephthalyl. When the PET comprises waste plaslic,
both the EG and DMT may comprise recycle content o that the principal glycol

stream comprises an r-EG stream 306 and the principal terephthalyt stream

50



10

15

20

25

30

WO 2021/163104 PCT/US2021/017342

comprises an r-BMT stream 308, as shown in FiG. 3. Additionally, several co-
product streams are also produced, which will be discussed in detail below
{3184] Referring back to FIG. 2, In one embodiment or in combination with any
of the mentioned embodiments, the r-glyeol stream 206 withdrawn from the
solvolysis facility 230 may comprise at least 45, at least 50, at least 55, at least
80, at least 65, at least 70, st least 75, at least 80, at least 85, at least 80, or at
least 85 weight percent of the principal glycol formed in the solvolysis facility
30, It may also include not more than 99, not more than 85, not more than 80,
not more than 85, not more than 80, or not more than 75 weight percent of the
principal glveol, or it may include principal glycol in an amount in the range of
from 45 to 99 weight percent, 50 to 85 weight percent, or 55 to 80 weight
percent, based on the total weight of the stream.

{0165]in one embodiment or in combination with any of the mentioned
embodiments, the r-glycol stream 206 may include at least 8.5, at least 1, at
least 2, atleast 5, at least 7, at least 10, at least 12, at least 15, at least 20, or
at least 25 weight percent and/or not more than 45, not more than 40, not more
than 35, not more than 30, not more than 25, not more than 20, or not more
than 15 weight percent of components other than the principal glycol, based on
the total weight of the stream, or it can include components other than the
principal glycol in an amount of 0.5 to 45 weight percent, 1 to 40 weight percent,
or 2 to 20 weight percent, based on the total weight of the stream. In one
embodiment or in combination with any of the mentioned embodiments,
components other than the principal giveol may include other modifying glycols
used in formation of the PET. Examples of such glycols can include, but are
not limited to, cyclohexanedimethanol, 2,2.4 4-tetramethyl-1,3-cyclobutanediol,
neopentyl glvcol, and combinations thereof.

{8166]in one embodiment or in combination with any of the mentioned
embodiments, the recycle content principal terephthalyl (r-terephthalyl) stream
208 withdrawn from the solvolysis facility 230 may comprise atleast 45, at least
50, at least 55, at least 60, at least 65, at least 70, at {east 75, at least 80, at

least 85, at least 90, or at least 85 weight percent of the principal terephthalyl
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formed in the solvolysis facility 30. |t may also include not more than 88, 85,
80, 85, 80, or 75 weight percent of the principal terephthalyl, or it may include
principal terephthalyl in an amount in the range of from 45 to 88 weight percent,
50 to 95 weight percent, or 55 to 80 weight percent, based on the total weight
of the stream.

{0187] The r-terephthaly! stream 208 may include atleast 0.5, atleast 1, atleast
2, atleast 5, atleast 7, al least 10, at least 12, atleast 15, atleast 20, or at least
25 weight percent and/or not more than 45, not more than 40, not more than
35, not more than 30, not more than 25, not more than 20, or not more than 15
weight percent of components other than the principal terephthalyl, based on
the total weight of the stream, or #f can include componenis other than the
principal terephthalyl in an amount of 0.5 to 45 weight percent, 1 to 40 weight
percent, or 2 to 20 weight percent, based on the otal weight of the stream.
{81681 As shown in FIG. 2, in one embodiment or in combination with any of the
mentionad embodiments, one or more stream of solvent 202, 204 may be
withdrawn from solvolysis facility 230. The solvent may comprise at least 45,
at least 50, at least 55, gt least 60, af least 65, at least 70, at least 75, at least
80, at least 85, at isast 80, or at least 95 weight percent of the principal solvent
used in the solvolysis facility 30. It may also include not more than 89, not more
than 95, not more than 80, not more than 85, not more than 80, or not more
than 75 weight percent of the principal solvent, based on the weight of one of
the solvent streams, or it can include solvent in an amount in the range of from
45 1o 99 weight percent, 50 to 85 weight percent, or 55 to 90 weight percent,
based on the total weight of the stream.

{61681 One of the solvent streams 202, 204 withdrawn from the solvolysis
facility 230 may also include at least 0.5, atleast 1, atleast 2, atleast 5, at least
7, at least 10, atleast 12, at least 15, at least 20, or at least 25 weight percent
and/or not more than 45, not more than 40, not more than 35, not more than
340, not more than 25, not more than 20, not maore than 15, not more than 10,
not more than 5, not more than 2, or not more than 1 weight percent of

components other than the principal solvent, based on the total weight of the
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streamn, or it can include components other than the principal solvent in an
amount of 0.5 to 45 weight percent, 1 to 40 weight percent, or 2 to 20 weight
percent, based on the total weight of the stream.

{3170}in one embodiment or in combination with any of the mentioned
embodiments, at least one of the solvent streams 202, 204 (or 302, 304} may
include the primary glycol {or ethylene glycol) in an amount of atleast 1, atleast
2, at least 5, at least 10, at {east 15, at least 20, af least 25, at least 30, or at
least 40 and/or not more than 758, not more than 70, not more than 85, not more
than 60, not more than 55, not more than 50, not more than 45, not more than
40, not more than 35, not more than 30, not more than 25, not more than 20,
not more than 15, not more than 10, or not more than 5 weight percent, based
on the {otal weight of the stream, or the primary glycol {or EG) can bs present
in an amount in the range of from 1 to 75 weight percent, 5 to 65 weight percent,
or 15 to 50 weight percent, based on the total weight of the stream.
[01711When the sclvolysis facility is a methanolysis facility 330 as shown in
FiGG. 3, the recycle content glycol stream 306 withdrawn from the solvolysis
facility 30 comprises recycle content ethylene glyeol (r-EG) and may comprise
at least 45, at least 50, at least 55, at least 60, at least 65, at least 70, at least
75, at least 80, at least 85, at least 80, or at least 95 weight percent of EG. It
may also include not more than 899, not more than 85, not more than 90, not
more than 85, not more than 80, or not more than 75 weight percent of EG, or
EG in an amount in the range of from 45 {o 99 weight percent, 50 to 95 weight
percent, or 55 to 90 weight percent, based on the total weight of the stream.
{8172]in one embodiment or in combination with any of the mentioned
embodiments, the r-EG stream may include af least 0.5, at least 1, at least 2,
atleast 5, atleast 7, atleast 10, at least 12, at least 15, at least 20, or at least
25 weight percent and/or not more than 45, not more than 40, not more than
35, not more than 30, not more than 25, not more than 20, or not more than 15
weight percent of components other than EG, based on the total weight of the
stream, or it may include these components in amounts in the range of from 0.5

to 45 weight percent, 1 to 25 weight percent, or 2 to 15 welight percent, based
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on the total weight of the stream. Components other than EG may include other
modifying glycols used in formation of the PET. Examples of such glycols can
include one or more of those describsed previcusly.

{8173] Additionally, when the solvolysis facility is a methanolysis facility, the r-
terephthalyl may comprise DMT and the recycle content DMT {r-DMT) stream
308 withdrawn from the methanolysis facility 330 may comprise at least 45, at
least 50, at least 55, at least 60, at least 65, at least 70, at least 75, at least 80,
at least 85, at least 90, or at least 95 weight percent of dimethyl terephthalate
{DMT), based on the total weight of the stream. It may also include not more
than 99, not more than 85, not more than 80, not more than 85, not more than
80, or not more than 75 weight percent of DMT, or DMT in an amount in the
range of from 45 to 99 weight percent, 50 to 95 weight percent, or 55 to 90
weight percent, based on the {otal weight of the stream.

{81741in one embodiment or in combingtion with any of the mentioned
embodiments, the r-DMT stream may include at least 0.5, atleast 1, atlsast 2,
atleast 5, atleast 7, at least 10, at least 12, at least 15, at least 20, or at least
25 weight percent and/or not more than 45, not more than 40, not more than
35, not more than 30, not more than 25, not more than 20, or not more than 15
weight percent of components other than DMT, based on the total weight of the
stream, or it may include these components in amounts in the range of from 0.5
to 45 weight percent, 1 to 25 weight percent, or 2 to 15 weight percent, based
on the total weight of the stream.

{3178} As shown in the diagram of the methanolysis facility 330 in FIG. 3, one
or more streams of methanol 306, 308 may be formed within or withdrawn from
methanolysis facility 330. The solvent may comprise at least 45, at least 50, at
least 55, at least 60, at least 65, atleast 70, at least 75, at least 80, at least 85,
atleast 90, or af least 95 weight percent methanol. it may alse include not more
than 89, not more than 85, not more than 80, not more than 85, not more than
80, or not more than 75 weight percent methanol, or it can include methanol in
an amount in the range of from 45 o 89 weight percent, 50 {0 95 weight percent,

or 55 to 95 weight percent, based on the total weight of the stream.
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[81768] Methano! streams 306, 308 may also include at least 0.5, at least 1, at
least 2, at least 5, atleast 7, at least 10, atleast 12, at least 15, at least 20, or
at least 25 weight percent and/or not more than 45, not more than 44, not more
than 35, not more than 30, not more than 25, not more than 20, not more than
15, not more than 10, not more than &, not more than 2, or not more than 1
weight percent of components other than methanol, or these components can
be present in an amount in the range of from 0.5 to 45 weight percent, 110 25
weight percent, or 2 to 15 weight percent, based on the total weight of the
stream . The composition of the solvent streams described herein may refer to
a stream of solvent within the process, withdrawn from the process, andfor
added o the process within the methanolysis facility 330,

[61771in addition to providing streams comprising recycle content principsl
glycol, recycle content principal terephthalyl, and a siream of principal solvent,
one or more solvolysis {or methanolysis) coproduct streams may also be
withdrawn from one or more lgcations within the solvolysis facility 230 {or
methanolysis facility 330). As used herein, the term “coproduct” or “solvolysis
coproduct” refers to any compound withdrawn from a solvolysis facility that is
not the principal carboxyl {or principal terephthalyl} product of the solvolysis
facility, the principal glycol product of the solvolysis facility, or the principal
solvent fed to the solvolysis facility. When the solvolysis facllity is a
methanolysis facility, the coproducts may be referred to as methanolysis
copraducts. As used herein, the term “methanolysis coproduct” refers to any
compound withdrawn from a methanolysis facility that is not DMT, EG, or
methanol.

{6178}in one embodiment or in combination with any of the mentioned
embodiments, one or more coproduct streams withdrawn from the solvolysis
{or methanolysis) facility can comprise heavy organic coproducts andfor light
organic coproducts.  As used herein, the term “heavy organic solvolysis
coproduct” refers to a solvolysis coproduct with a boiling point greater than the
boiling point of the principal terephthalyl product of the solvolysis facility, while

the term “light organic solvolysis coproduct” refers to a solvolysis coproduct with
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a hoiling point less than the boiling point of the principal terephthalyl product of
the solvolysis facility. As used herein, the term “heavy organic methanolysis
coproduct” refers to a methanolysis coproduct with a boiling point greater than
DMT, while the term “light methanolysis coproduct” refers to a methanolysis
coproduct with a boiling point less than DMT. Examples of specific coproducts
from both methanolysis and solvolysis facilities are described in further detail
below.

[01791As shown In FIGE. 2 and 3, several coproduct streams may be
withdrawn from a solvolysis facility 230 and a methanolysis facility 330. In one
embodiment or in combination with any of the mentioned embodiments, at least
one coproduct stream may comprise at least 35, atleast 40, atleast 45, at least
50, at least 55, at legst 60, at least 65, at least 70, st least 75, at least 80, at
least 85, at least 90, or at least 85 weight percent of organic compounds having
a boiling point higher than the boiling point of the principal glyeol {or EG)
produced from the solvolysis (or methanolysis) facility, based on the tolal weight
of organics in the stream. Additionally, or in the alternative, the coproduct can
comprise not more than 25, not more than 20, not more than 15, not more than
10, not more than 5, not more than 2, not more than 1 weight percent of
components with a boiling point lower than the boiling point of the principal
giycol {or EG), based on the total weight of organics in the stream.

{61801 in one embodiment or in combination with any of the mentioned
embaodiments, at least one coproduct stream withdrawn from the solvolysis (or
methanolysis) facility may comprise at least 15, atleast 20, atleast 25, atleast
30, at least 35, at least 40, at least 45, af least 50, at least 55, at least 60, at
least 65, at least 70, at least 75, ai least 80, at least 85, af least 80, or at least
85 weight percent of the organic compounds have a boiling point higher than
the bailing point of the principal giveol {(or EG) and lower than the boiling point
of the principal terephthalyl (or DMT) produced from the solvolysis {or
methanolysis) facility, based on the iotal weight of organics in the stream.
Additionally, or in the alternative, the coproduct can comprise not more than 25,

not mora than 20, not more than 15, not more than 10, not more than 5, not
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more than 2, not more than 1 weight percent of components with boiling point
lower than the boiling point of the principal glycol {or EG) and higher than the
boiling point of the principal terephthalyt {(or DMT), based on the total weight of
organics in the stream.

[{1811In one embodiment or in combination with any of the mentioned
embodiments, at least 15, at least 20, at least 25, at least 30, at least 35, at
least 40, at least 45, at least 50, at least 55, at least 60, at least 65, at least 70,
at least 75, at least 80, at least 85, at least 90, or at least 95 weight percent of
the organic compounds in one or more of the coproduct streams from the
solvolysis (or methanolysis} facility can have a boiling point higher than the
baoiling point of the principal tergphthalyl {(or DMT) produced from the solvolysis
{or methanolysis) facility, based on the total weight of organics in the stream.
Additionally, or in the alternative, the coproduct can comprise not more than 25,
not more than 20, not more than 15, not more than 10, not more than &, not
more than 2, not more than 1 weight percent of components with a bailing point
lower than the boiling point of the principal terephthalyi (or DMT), based on the
total weight of organics in the stream.

{31821 In one embodiment or in combination with any of the mentioned
embodiments, at least 5, at least 10, at least 15, at least 20, at least 25 and/or
not more than 50, not more than 45, not more than 40, not more than 35, not
more than 30 weight percent of the organic compounds in one or more of the
copraduct streams from the solvolysis (or methanolysis) facility have a boiling
point lower than the boiling point of the principal glycol {or EG) produced from
the solvolysis {or methanolysis) facility, based on the total weight of organics in
the strearmn. Additionally, or in the alternative, the coproduct can comprise not
more than 25, not more than 20, not more than 15, not more than 10, not more
than 5, not more than 2, not more than 1 weight percent of components with a
boiling point higher than the boiling point of the principal glycol {or EG), based
on the total weight of organics in the stream.

{3183 Referring again to FIGS. 2 and 3, the operation of solvolysis facility 230

and methanolysis facility 330 will be described in detail. For simplicity, the
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following description is generally applicable to both a solvolysis and
methanolysis facilities, unless ctherwise noted. As shown in FIGS. 2and 3, a
stream of mixed plastic waste 210 and solvent 212 {(or methanol 312) can be
introduced (separately or together) inte the solvolysis facility 230 (or
methanolysis facility 330). The stream may first be passed through an optional
non-PET separation zone 220, wherein at least 50 percent of the total amount
of components other than PET are separsted out of the stream. In one
embodiment or in combination with any of the mentioned embodiments, the
non-PET components may have a bolling point {or density) lower than PET and
may be removed from the zone as a vapor. In one embodiment or in
combination with any of the mentioned embodiments, these non-PET
components may enter the facility 230 or 330 as a liquid. Alternatively, or in
addition, at least a portion of the non-PET components may have a slightly
higher or lower density than PET and may be separated out as a liquid. Finally,
In one embodiment or in combination with any of the mentioned embodiments,
the non-PET components may be separated out as solids from a PET-
containing liquid phase.

{31841 One example of non-PET components separated out in the non-FPET
separation zone 220 is polyolefins. In one embaodiment or in combination with
any of the mentioned embodiments, at least 50, at least 55, at least 60, at least
65, at least 70, at least 75, at least 80, at least 85, at least 90, or at least 85
percent of the non-PET components separated from the PET-containing stream
comprise polyolefing such as polyethylene and/or polypropylene. As indicated
generally by the dashed linas in FIG. 2, all or a part of the non-PET separation
zone 220 in the solvolysis facility 230 may be upstream of the solvolysis
reaction zone 240, while all or a part of the non-PET separation zone 220 may
be downstream of the reaction zone 240. As shown in FIG. 3, the non-PET
separation zone 220 in the methanolysis facility 330 can be located upstream
of the methanolysis reaction zone 340.

[3185] Separstion techniques used in the non-PET separation zone 220 can

include, but are not limited to, exiraction, filtration, decanting, cyclone or
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centrifugal separation, manual removal, magnetic removal, chemical
degradation, vaporization and degassing, distillation, and combinations thereof,
One or more of these technigues may be used in the non-PET separation zone
220 to separate the non-PET components from the PET-containing stream prior
to and/or after the solvolysis reaction zone 240, or prior to the methanolysis
reaction zone 340,

{61881 The now PET-enriched stream 214 exiting the non-PET separation zone
220 may comprise not more than 25, not more than 20, not more than 15, not
more than 10, not more than 5, not more than 2, not more than 1, or not more
than 0.5 weight percent of components other than the PET (or its oligomeric
and monomeric degradation products) and solvent, based on the total weight
of the PET-containing stream 214. The PET-containing stream 214 exiting the
non-PET separation zone 220 upstream of the sobvolysis reaction zone 240 or
the methanolysis reaction zone 340 may comprise not more than 25, not more
than 20, not more than 15, not more than 10, not more than 5, not more than 2,
or not more than 1 weight percent of other types of plastics (such as
polyolefins}. In one embodiment or in combination with any of the mentioned
embodiments, the PET-containing stream 214 exiting the non-PET separation
zone 220 may include not more than 45, not more than 40, not more than 35,
not more than 30, not more than 25, not more than 20, not more than 10, not
more than 5, or not more than 2 weight percent of the total amount of non-PET
components introduced into the non-PET separation zone 220 via the mixed
plastic waste stream 210.

{01871 As shown in FIGS. 2 and 3, the non-PET components may be purged
from the solvolysis facility 230 (or methanolysis facility 330) via polyolsfin-
containing coproduct streams 216a,b (or 316). The resulting polyolefin-
containing coproduct stream 216a.b {or 316) may comprise at least 35, at least
40, at least 45, at least 50, at least 55, at least 60, at least 65, at least 70, at
least 75, atleast 80, at least 85, atleast 90, at least 92, at least 85, at least 87,
at least 99, or at least 28.5 weight percent of polyolefin, based on the total

weight of the polyolefin-containing coproduct stream.
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{0188] The polyolefin present in the polyolefin-containing coproduct stream
216a,b {or 316) may comprise predominantly polysthylens, predominantly
polypropylene, or a combination of polyethylene and polypropylene. As used
herein, the term “predominantly” means at least 50 percent by weight of a given
component, based on the total weight of the stream or composition. in one
embodiment or in combination with any of the mentioned embodiments, the
polyolefin in the polyolefin-containing coproduct stream comprises at least 55,
at least 60, at least 65, at least 70, al least 75, at least 80, at least 85, at least
80, at least 92, at least 94, at least 95, at least 97, atl least 88, or at least 99
weight percent of polyethviene, based on the total weight of the polyolsfin in the
polyolsfin-containing coproduct stream.

[6189] Alternatively, the polyolefin in the polyolefin-containing coproduct stream
216a,b {or 316) comprises at least 55, at least 60, at least 65, at least 70, at
least 75, at least 80, at least 85, atleast 80, at least 92, at least 84, at least 85,
at least 97, at least 88, or at least 89 wsight percent of polypropylene, based
on the total weight of the polyolefin in the polyolefin-containing coproduct
stream.

{31901 In one embodiment or in combination with any of the mentioned
embodiments, the polyolefin-containing coproduct stream 216a,b comprises
not more than 10, not more than &, not more than 2, not more than 1, not more
than (.75, not more than 0.50, not more than 0.25, not more than 0.10, or not
more than .05 weight percent of PET, based on the fotal weight of the
polyolefin-containing coproduct stream 216a,b. Additionally, In one
embodiment or in combination with any of the mentioned embodiments, the
polyolefin-containing coproduct stream 216a,b comprises at least 0.01, at least
(.05, atleast 0.10, atleast 0.50, atleast 1, or at least 1.5 and/or not more than
40, not more than 35, not more than 30, not more than 25, not more than 20,
not more than 15, not more than 10, not more than 5, or not more than 2 weight
percent of components other than polyolefin, based on the total weight of the
polvolefin-containing coproduct stream, or it may contain components other

than polyolefin in an amount in the range of 0.01 to 40 weight percent, (.10 to
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15 weight percent, or 0.5 to 5 weight percent, based on the total weight of the
stream.

{0191} Overall, the polyolefin-containing coproduct stream 216a,b (or 316)
comprises at least 40, at least 45, at least 50, at least 55, at least 60, at least
65, at least 70, at least 75, st least 80, at {east 85, ai least 80, at least 85, or at
least 89 weight percent of organic compounds, based on the total weight based
on the total weight of the polyolefin-containing coproduct stream 216ab. The
polyolefin-containing coproduct stream 216a,b {or 316) can include at least 0.5,
at least 1, atleast 2, al least 3, at least 5, at least 10, or at least 15 andfor not
more than 40, not more than 35, not more than 3G, not more than 25, not more
than 20, not more than 15, not more than 10, not more than 5, not more than 2,
or not more than 1 weight percent of non-organic components, based on the
total weight of the polyolefin-containing coproduct stream, or it may contain
non-organic components in an amount in the range of 0.5 to 40 weight percent,
1 to 15 weight percent, or 2 {0 5 weight percent, based on the tolal weight of
the stream.

{0192} In one embodiment or in combination with any of the mentioned
embodiments, the polyolefin-containing coproduct stream 216a,b {or 318) can
comprise at least 0.1, atleast 0.5, atleast 1, atleast 1.5, atleast 2, at least 2.5,
at least 3, at least 3.5, at least 4, at least 4.5, at least 5, at least 8, at least 10,
at least 12, at least 15, at least 18, at least 20, atleast 22, or af least 25 weight
percent and/or not more than 50, not more than 45, not more than 440, not more
than 35, not more than 30, not more than 25, not more than 20, not more than
15, not more than 180, not more than 5, or not more than 2 weight percent of
one or more non-reactive solids, based on the total weight of the polyolefin-
containing coproduct stream, or it may contain non-reactive solids in an amount
in the range of from 0.1 to 50 weight percent, 2 {o 25 weight percent, or 3to 15
weigh percent, based on the {otal weight of the stream.

{01931 Non-reactive solids refer to solid components that do not chemically
react with PET. Examples of non-reactive solids include, but are not limited to,

sand, dirt, glass, plastic fillers, and combinations thereof. In one embodiment
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or in combination with any of the mentioned embodiments, one or more of the
coproduct streams, including the polyolefin-containing coproduct stream
216a,b {or 316) can include non-reactive solids in an amount of 100 ppm by
weight to 50 weight percent, 500 ppm by weight {o 10 welght percent, or 1000
ppm by weight 1o & weight percent, based on the total weight of the stream.
{8184]in one embodiment or in combination with any of the mentioned
embodiments, the polyolefin-containing coproduct stream comprises at least
100, at least 250, at least 500, at least 750, at least 1000, at least 1500, at least
2000, at least 2500, at least 5000, at least 7500 ppm by weight or atleast 1, at
least 1.5, at least 2, at least b, at least 10, at least 15, at least 20, or at least 25
weight percent and/or not more than 50, not more than 45, not more than 40,
not more than 35, not more than 30, not more than 25, not more than 20, not
more than 15, not more than 10, not more than 5, not more than 2, not more
than 1 weight percent of one or more fillers, based on the total weight of the
polyolefin-coproduct stream, or the stream can include fillers in an amount in
the range of from 100 ppm to 50 weight percent, 500 ppm to 20 weight percent,
or 2500 ppm to £ weight percent, based on the total weight of the stream.
{31951 Examples of fillers can include, but are not limited {o, thixotropic agents
such as fumes silica and clay (kaolin), pigments, colorants, fire retardants such
as alumina trihydrate, broming, chloring, boraie, and phosphorous,
suppressants such as wax based materials, UV inhibitors or stabilizers,
conductive additives such as metal particles, carbon particles, or conductive
fibers, release agenis such as zinc stearate, waxes, and silicones, calcium
carbonate, and calcium sulfate.

{3198} The polyolefin-containing coproduct stream can be predominantly hquid
but may further include at least some vapor and/or solids. In one embodiment
or in combination with any of the mentioned embodiments, the polyolefin-
containing coproduct stream 216a.b (or 318} can have a viscosity of at least 1,
atleast 10, atleast 25, at least 50, at least 75, at least 80, at least 100, at least
125, at least 150, at least 200, at least 250, at least 300, at least 350, af least

400, at least 450, at least 5800, at least 550, at least 800, at least 650, at least
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700, at lsast 750, at least 800, at least 850, at lsast 800, or at least 850 poise
and/or not more than 25,000, not more than 24,000, not more than 23,000, not
more than 22,000, not more than 21,000, not more than 28,000, not more than
19,000, not more than 18,000, not more than 17,000, not more than 16,000, not
more than 15,000, not more than 14,000, not more than 13,000, not more than
12,000, not more than 11,000, not more than 10,000, not more than 8004, not
more than 8000, not more than 7000, not more than 6000, not more than 5000,
not maore than 4500, not more than 4000, not more than 3500, not more than
3000, not more than 2500, not more than 2000, not more than 1750, not more
than 1500, not more than 1250, not more than 1200, not more than 1150, not
more than 1100, not more than 1050, not more than 1000, not more than 850,
not more than 800, not more than 800, not more than 750 poise, measured
using & Brookfield R/S rheometer with V80-40 vane spindle operating at a shear
rate of 10 radfs and a temperature of 2560°C.

{01971 The viscosity of the polyolefin-containing coproduct stream 218a,b {or
316) can have a viscosity of at least 500, at least 750, at least 900, or at least
850 poise and/or not more than 25,000, not more than 20,000, not more than
17,000, not more than 15,000, not more than 12,000, not more than 11,0800, not
more than 10,000, not more than 5000, not more than 2500, not more than
1250, not more than 1000 poise, measured using a Brookfield R/S rheometer
with V80-40 vane spindle operating at a shear rate of 10 rad/s and a
temperature of 250°C, or the viscosity of the polyolefin-containing coproduct
stream 216a,b (or 316) can be in the range of from 500 to 25,000 poise, 1000
to 15,000 poise, or 5000 to 12,500 poise.

{6198] The polyoclefin-containing coproduct stream 216a,b {(or 316} may be a
non-Newtonian fluid, and/or it may be a shear-thinning fluid. As used herein,
the term “non-Newtonian” describes a fluid whose viscosity Is dependent on
shear rate, time, or deformation history. As used herein, the term “shear
thinning” refers to a non-Newtonian fiuid whose viscosity decreases with shear

rale. For example, a shear thinning fluid would have a lower viscosity at 1000
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rad/s than at 1 rad/s for temperaturss of at least 260, at least 270, or at least
280°C.

{0199} in one embodiment or in combination with any of the mentioned
embodiments, at least a portion, or all, of the polyolefin-containing coproduct
stream 216a,b {or 316) can be pelietized or micro-pelletized prior {0 being
routed to one or more downstream facilities, as discussead in detail below.
{6200} When pelistized, the feed stream is introduced info a melt extruder,
wherein it is heated and melted to form a molten polymer at a temperature of
at least 240, at least 245, at least 250, at least 255, at least 260°C and/or not
more than 310, not more than 305, not more than 300, not more than 280, not
more than 280, not more than 275, not more than 270, not more than 265, or
not more than 260°C, or at a temperature in the range of from 240 to 280°C,
24510 275°C, or 255 to 265°C. The molten polymaer is then passed through a
die plate with a plurality of holes and the resulting polymer strands are cui,
optionally under water, to form pellets. The resulting pellets ¢an have an
average particle size, measured along the longest dimension, of at least 0.5, at
least 0.75, at least 0.90, at least 1, at least 1.1, at least 1.25 mm and/or not
more than 2.25, not more than 2.1, not more than 2, not more than 1.75, or not
more than 1.6 mm, or in the range of from 0.5 10 2.25 mm, 0.8 10 2.1 mm, or 1
to 2 mm.

{62011 In one embodiment or in combination with any of the mentioned
embaodiments, the polyolefin-containing coproduct stream 216a,b {or 316} can
have a density of at least 0.75, at least 0.80, at least 0.85, at least 0.80, at least
(.95, at least 0.98 and/or not more than 1.5, not more than 1.4, not more than
1.3, not more than 1.2, not more than 1.1, not more than 1.05, or not more than
1.01 g/em®, measured at a temperature of 25°C. The density can be from 0.80
to 1.4, from 0.90 t0 1.2, or 0.85 to 1.1 gfom’.

{0202} When removed from the non-PET separation zone 220, the polyolefin-
containing coproduct stream 216a,b (or 316) may have a temperature of at least
200, at least 205, at least 210, at least 215, at least 220, at least 225, at least

230, or at least 235°C and/or not more than 350, not more than 340, not more
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than 335, not more than 330, not more than 325, not more than 320, not more
than 315, not more than 310, not more than 305, or not more than 300°C, or it
can be in the range of 200 to 350°C, 215 to 330°C, 220 to 340°C, or 235 to
300°C.

{02031 In one embodiment or in combination with any of the mentioned
embodiments, the polyolefin-containing coproduct stream 218a,b (or 316} can
comprise at least 50, at least 55, at least 60, at least 65, atleast 70, at least 75,
at least 80, at least 85, at least 80, or at least 85 weight percent of components
that boll higher than the principal terephthalyl or, when the facility is a
methanolysis facility 330, than DMT.

{62041in one embodiment or in combination with any of the mentioned
embodiments, the polyolefin-containing coproduct stream 216g,b from the
solvolysis facility 230 (or stream 316 from methanolysis facility 330} can
comprise at least 90, al least 92, at least 85, at least 97, at least 99, or at least
99.5 weight percent of polyolefins and/or not mors than 1, not more than 0.75,
not more than 0.50, not more than 0.25, or not more than 0.10 weight percent
of PET, based on the total weight of the polyolefin-containing coproduct stream.
The stream may also have a viscosity of at least 100, at least 150, at least 200,
at least 250, at least 300, at least 350, at least 400, at least 450, or at least 500
poise measured using a Brookfield R/S rheometer with V80-40 vane spindle
operating at a shear rate of 10 rad/s and a temperature of 250°C.

[0205]in one embodiment or in combination with any of the mentioned
embodiments, all or a portion of the polyolefin-containing coproduct stream
from the solvolysis facility 230 (or methanolysis facility 330) can be introduced
into one or more of the other facilities within the chemical recycling facility,
Referring again to FIG. 1, this is generically represented by coproduct stream
110, Coproduct stream 110 shown in FIG. 1 can include one or more of any of
the coproduct streams discussed herein, separately, or in combination with one
or more of the other coproduct streams.

[(3206] As shown in FIG. 1, all or a portion of the coproduct stream 110 from

the solvolysis facility 30 can be passed fo one or more of the other processing
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facilities of chemical recycling facility 10. Such facilities can include for example
{1} a solidification facility 40; (i) a partial oxidation (POX) gasification facility 50;
(i} a pyrolysis facility 60; (iv) a cracker facility 70; and (v} an energy
generation/production facility 80, In one embodiment or in combination with
any of the mentioned embodiments, at least 10, at least 20, at least 30, at least
40, at least 50, at least 60, st least 70, at least 80, at least 80, at least 85, or at
least 89 weight percent of the polyolefin-containing coproduct stream can be
introduced as or with a feed stream fo at least one, at least two, at least thres,
or alf of the facilities (i) through (v).

{02071In one embodiment or in combination with any of the mentioned
embodiments, at least one other coproduct stream from the solvolysis facility
30 may also be infroduced into one of (i) & solidification facility 40; (i} a partial
oxidation {(POX) gasification facility 56; (iil) a pyrolysis facility 80; {iv} a cracker
facility 70; and {v) an energy generation/production facility 80, simultanecusly
with the polyolefin-containing coproduct stream. As used herein, the term
“‘downstream facility” generically refers to one or more of the above facilities.
{0208} When introduced simultaneocusly, the polyolefin-containing coproduct
stream may be introduced separately from the other coproduct stream, or the
two may be combined prior and the combined stream may be introduced into
the downstream facility. In one embodiment or in combination with any of the
mentioned embodiments, the polyolefin-containing coproduct stream can be
introduced into the same downstream facility as the other coproduct stream,
while, in one or more other embodiments, the polyolefin-containing coproduct
stream can be introduced into a different downstream facility as the other
coproduct stream. When three or more coproduct streams from the solvolysis
facility 30 ars introduced into downstream processing facilities {such as, for
example, a pyrolysis facility 60, a cracker facility 70, a solidification facility 40,
an energy generation/production facility 80, andfor a POX gasification facility
50}, at least one of the other coproduct sireams may be introduced into the

same facility as the polvolefin-containing coproduct stream and/or at least one
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of the other coproduct streams may be introduced inte a different downstream
faciity as the polyolefin-containing coproduct stream.

{G208] Turning again to FIGS. 2 and 3, the PET-containing stream {(which
comprises dissolved PET as well as its degradation products and solvent)
exiting the non-PET separation zone 220 in stream 214 may then be transferred
to a solvolysis reaction zone 240 {or methanolysis reaction zone 340}, wherein
at least 50 percent of the decomposition of the PET introduced therein can
gcour.  in one embodiment or in combination with any of the mentioned
embodiments, the reaction medium within the reaction zone 240 (or 340) may
be agitated or stimed and one or mors temperature control devices (such as
heat exchangers) may be employed to maintain a target reaction temperature.
[6210]in one embodiment or in combination with any of the mentioned
embodiments, the average reaction temperature of the solvolysis reactor can
be at least 50, at least 55, at least 60, at least 65, at least 70, at least 75, at
least 80, or at least 85°C and/or not more than 350, not more than 345, not
more than 340, not more than 335, not more than 330, not more than 325, not
more than 320, not more than 315, not more than 310, not more than 300, or
not more than 295°C, or it can be in the range of from 50 1o 350°C, 60 to 325°C,
or 85 {0 205°C.

[0211] The pressure in the solvolysis reactor can be within 5, within at least 10,
within at least 15, within at least 20, within at least 25, within at least 30, within
at least 35, within at least 40, within at least 45, or within at least 50 pounds per
square inch gauge (psig) of atmospheric, or it may be within at least 55, within
at least 75, within at least 80, within at least 100, within at least 125, or within
at least 150 psig of atmospheric. The pressure in the solvolysis reactor can be
at least 0.35, at least .70, atleast 1, within at least 1.4, at least 1.75, at least
2, atleast 2.5, at least 2.75, at least 3, at least 3.5, at least 3.75, at least 5, or
at least 6.25 bar gauge (barg) and/or not more than 10.35, not more than 8.6,
or not more than 6.9 barg of atmospheric.

{3212} In one embodiment or in combination with any of the mentioned

embodiments, the average residence time of the reaction medium in the
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reaction zone 240 {or 340} can be at least 1, at least 2, at least 5, at least 10,
or atieast 15 minutes and/or not more than 12, not more than 11, not more than
10, not more than 9, not more than &, not more than 7, not more than 6, not
more than 5, not more than 4, not more than 3, not more than 2, or not more
than 1 hour, or it can be in the range of from 1 minute to 12 hours, 5 minutes (o
7 hours, or 15 minutes to 1 hour,

{62131in one embodiment or in combination with any of the mentioned
embodiments, at least 50, at least 55, at least 60, at least 65, at least 70, at
least 75, at least 80, at least 85, at least 90, at least 95, or at least 99 percent
of the iotal weight of PET introduced into the solvolysis facility 230 (or
methanolysis facility 330) is decomposed upon leaving the reaction zoneg 240
{or 340) in the reactor effluent stream.

[0214}in one embodiment or in combination with any of the mentioned
embodiments, a reactor effluent purge stream may be removed from the
reaction zone 240 {or 340) and at least a portion may be passed {o one or more
downstream facilities within the chemical recycling facility 10 shown in FIG. 1
as a reactor purge coproduct stream, shown as line 218 in the solvolysis facility
of FIG. 2 and line 318 in the methanclysis facility of FIG. 3. The reactor purge
coproduct stream 218 {or 318) may have & mid-range boiling point higher than
the boiling point of the principal ferephthalyl {or DMT in the case of
methanolysis) produced from the solvolysis facility 230 (or methanolysis facility
330

[021581In one embodiment or in combination with any of the mentioned
embodiments, the reactor purge coproduct stream 218 {or 318) shown in FIG.
2 {or 3) can comprise at least 50, al least 55, at least 80, at least 65, af least
70, atleast 75, at least 80, at least 85, at least 90, or at least 85 weight percent
of components with a boiling point higher than the boiling point of the principal
terephthalyl {or DMT). Additionally, or in the alternative, the coproduct stream
comprises atleast 0.10, atleast 0.25, at least 0.50, atleast 0.75, atleast 1, at
least 2, st least 5, at least 8, at least 10, at least 12, at least 15, or at least 17

and/or not more than 30, not more than 25, not more than 20, not mare than
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15, not more than 12, not more than 10, not more than 8, not more than 6, not
more than §, notmore than 3, or not more than 2 weight percent of compounds
having a boiling point greater than the principal terephthalyl (or than DMT), or
these can be present in an amount in the range of from §.10 to 30 weight
percent, 0.50 to 20 weight percent, or 1 to 15 weight percent, based on the {otal
weight of the stream.

{62181in one embodiment or in combination with any of the mentioned
embodiments, the reactor purge coproduct stream 218 {or 318} can comprise
not more than 25, not more than 20, not more than 15, not more than 10, not
more than 5, not more than 2, not more than 1 weight percent of components
with a boliling point lower than the bolling point of the principal terephthalyl {or
of DMT). Additionally, or in another embodiment, the reactor purge coproduct
stream 218 {or 318} can have a melting temperature at least 5, at least 10, at
least 15, at least 20, or at least 25 and/or not more than 50, not more than 45,
not more than 40, not more than 35, not more than 30, not more than 25, not
more than 20, or not more than 15°C higher than the temperature of the reactor,
or it can be in the range of 5 to 50°C higher, or 1010 40°C higher, or 15 to 30°C
higher.

{862171in one embodiment or in combination with any of the mentioned
embodiments, the reactor purge coproduct stream 218 comprises at least 25,
at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, at least
80, at least 65, at least 70, at least 75, at least 80, st least 85, at least 90, at
least 85, or at least 89 weight percent of the principal terephthalyl, based on the
total weight of the composition. When the solvolysis facility is a methanolysis
facility as shown in FiG. 3, the reactor purge coproduct stream 318 may
comprise af least 10, atleast 15, at least 20, at least 25, at least 30, at least 35,
at least 40, at least 45, at least 50, at least 55, at least 80, at least 65, at least
70, at least 75, at least 80, at least 85, at least 80, at least 85, or at least 89
weight percent of DMT, based on the total weight of the stream.

{3218} In addition, the reactor purge coproduct stream 218 {or 318) may include

at least 100 ppm and not more than 25 weight percent of one or more non-
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terephthalyl solids, based on the total weight of the stream. In one embodimsent
or in combination with any of the mentioned embodiments, the total amount of
non-terephthalyl solids in the reactor purge coproduct stream 218 (or 318) can
be at least 150, at least 200, at least 250, at least 300, at least 350, at least
400, at least 500, at least 600, at least 700, at least 800, at least 800, st leagst
1000, at least 1500, &t least 2000, at least 2500, at least 3000, at least 3500,
at least 4000, at least 4500, at least 5000, at least 5500, al least 6000, at least
7000, at least 8000, at least 9600, at least 10,000, or atleast 12,500 ppm andfor
not more than 25, not more than 22, not more than 20, not more than 18, not
more than 15, not more than 12, not more than 10, not more than 8, not more
than 5, not more than 3, not more than 2, or not more than 1 weight percent,
based on the total weight of the stream, or it can be in the range of from 150
ppm to 22 weight percent, 500 ppm to 15 weight percent, or 1500 ppm to 5
weight percent, based on the total weight of the stream.

{02191In one embodiment or in combination with any of the mentioned
embodiments, the reactor purge coproduct stream 218 {or 318) has a total
solids content of at least 100, at least 250, at least 500, at least 750, at least
1000, at least 1500, at least 2000, at least 2500, at least 3000, at least 3500,
at least 4000, at least 4500, at least 5000, at least 5500, at least 6000, at least
6500, at least 7000, at least 7500, atl least 8000, at least 8500, at least 8000,
at least 9500 ppm by weight or at least 1, at least 2, at least 5, at least &, at
least 10, or at least 12 weight percent and/or not maore than 25, not more than
22, not more than 20, not more than 17, not more than 15, not more than 12,
not more than 10, not more than 8, not more than 8, not more than 3, not more
than 3, not more than 2, or not more than 1 weight percent or not more than
7500, not more than 5000, or not more than 2500 ppm by weight, based on the
total weight of the stream, or it can be in the range of 100 ppm o 25 weight
percent, 500 ppm o 15 weight percent, or 1000 ppm o 10 weight percent,
based on the fotal weight of the stream. Examples of solids can include, but

are not limited to, non-volatile catalyst compounds.
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{62201in one embodiment or in combination with any of the mentioned
embodiments, the reactor purge coproduct stream 218 {(or 318} can include at
least 100, at least 250, at least B00, at least 750, at least 1000, at least 1500,
at least 2000, at least 2500, at least 3000, at least 3500, at least 4000, at least
4500, at least 5000, at least 7500, at least 10,000, or at least 12,500 ppm and/or
nat more than 60,000, not more than 50,000, not more than 40,000, not more
than 35,000, not more than 30,000, not more than 25,000, not more than
20,000, not more than 15,000, or not more than 10,000 ppm of non-volatile
catalyst compounds, or such compounds can be present in an amount in the
range of from 100 to 60,000 ppm, 500 to 30,000 ppm, or 1000 o 10,000 ppm,
based on the total weight of the stream. Examples of suitable non-volatile
catalyst compounds can include, but are not limited to, titanium, zinc,
methoxide, alkali metals, akkaline earth metals, tin, residual esterification
catalysts, residual polycondensation catalysts, aluminum, and combinations
thereof.

{62211in one embodiment or in combination with any of the mentioned
embodiments, the reactor purge coproduct stream 218 {or 318) has a viscosily
of at least 1, at least 2, at least §, at least 10, at least 20, at least 30, at least
40, at least 50, at least 60, at least 70, at least 80, at least 80, at least 100, at
least 200, at least 300, at least 400, at least 500, at least 800, at least 700, at
least 800, at least 800, at least 1000, at least 1500, at least 2000, at least 2500,
at least 3000, at least 3500, at least 4000, at least 4500, at least 5000, atl least
5500, at least 6000, at least 6500, at least 7000, at least 7500, at least 8000,
atleast 8500, at least 9000, at least 10,000, at least 11,000, at least 12,000, at
least 13,000, at least 14,000, or al least 15,000 poise (P) andfor not more than
25,000, not more than 20,000, not more than 15,000, not more than 12,800, not
more than 10,000, not more than 8000, not more than 6000, not more than
5000, not more than 3000, not more than 2000, not more than 1500, not more
than 1000, not more than 750, not more than 500, not more than 100, not more

than 75, not more than 50, or not more than 25 P, measured using a Brookfield
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R/S rheometer with VB0-40 vane spindle operating at a shear rate of 10 rad/s
and a temperature of 250°C.

{32221 The reactor purge coproduct stream 218 {or 318) can have a viscosity
of at least 100, at least 500, atleast 1000, at least 2500, at least 5000, at least
10,000, or at least 15,000 poise () and/or not more than 25,000, not more than
20,000, not more than 15,000, not maore than 12,000, not more than 10,000, not
more than 8000 P, measured using a Brookfield R/S rheometer with V80-40
vane spindle operating at & shear rate of 10 rad/s and a temperature of 250°C,
or it can be in the range of from 100 to 25,000 P, 500 to 15,000 P, or 1000 to
10,000 P.

{62231 The temperature of the reactor purge coproduct strearm 218 {or 318}
withdrawn from the reaction zone 240 (or 340) and/or when infroduced into one
or more of the downstream facilities can be at least 130, st least 135, at least
140, at least 145, af least 150, at least 155, at least 160, at least 165, at least
170, at least 175, at least 180, at least 185, at least 190, at least 185, ai least
200, at least 205, at least 210, al least 215, at least 220, at least 225, at least
230, at least 245, at least 250, atf least 255, at least 260, at least 265, at least
270, atleast 275, at least 280, at least 285, at least 280, at least 205, or at least
300°C.

{0224} Additionally, or in the alternative, the temperature of the reactor purge
coproduct stream 218 {or 318) withdrawn from the reaction zone 240 {or 340)
and/or when introduced into one or more of the downstream facilities can be
not more than 350, not more than 345, not more than 340, not more than 335,
not more than 330, not more than 325, not more than 320, not more than 315,
not more than 310, not more than 305, not more than 300, not more than 2985,
not more than 290, not more than 285, not more than 280, not more than 275,
not more than 270, not more than 265, not more than 260, not more than 255,
or not more than 250°C.

{0225] The temperature of the reactor purge stream withdrawn from the reaction
zone 240 {or 340} can be at least 150, at least 175, at least 200, at least 225,

or at least 250°C and/or not mare than 350, not more than 330, not more than
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325, not more than 310, or not more than 300°C, or it can be in the range of
150 to 350°C, 200 to 330°C, or 250 to 330°C.

{0228} When the reactor is purged, it may be done continuously or
intermittently, and the resulting reactor purge coproduct stream may be
introduced into one of the downstream facilities in a continuous or intermitient
manner. In one embodiment or in combination with any of the meantioned
embodiments, the reactor purge stream may be withdrawn from the solvolysis
{or methanolysis) reactor in a continuocus mannear when the feed stream {0 the
solvolysis or methanclysis facility (or reactor) has a high content of inert
components, such as those resulting from recycling of mixed waste plastic
comprising textiles. In one embodiment or in combination with any of the
mentioned embodiments, the reactor purge may be performed continuously
when the amount of inart components in the feed stream o the reactor is at
least 0.25, at least 0.35, at least 0.40, at least 0.45, at least 0.50, or af least
(.55 weight percent, based on the total weight of the reactor feed stream.
{62271in one embodiment or in combination with any of the mentioned
embodiments, the reactor purge stream may be withdrawn from the solvolysis
{or methanolysis) reactor in an intermittent manner when the feed stream to the
solvolysis or methanolysis facility {or reactor} has a lower content of inert
components. In one embodiment or in combination with any of the mentioned
embodiments, the reactor purge may be performed intermittently {or batchwise)
when the amount of inert components in the feed stream to the reactor is less
than 0.40, not more than 0.35, not more than 0.30, not more than 0.25, not
more than 0.20, not more than 0.15, or not more than 0.10, based on the total
weight of the reactor feed siream.

[6228]in one embodiment or in combination with any of the mentioned
embodiments, at least g portion of the reactor purge stream may be pelfletized,
pastillized, or flaked to form solids and at least a portion of the solids may be
transferred to one or more downstream facilities as described hersin.
Pelietization may be performed with reactor purge stream having a higher

degree of cross-linking {e.g., a chain length of at least §, at least 7, at least 8,
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or at least 10), while pastillation and flaking may be performed with a reactor
purge stream having a lower degree of cross-linking {e.g., a chain length of less
than 6, not more than 5, not more than 4, or not more than 3).

{62291 When pelistized, a stream of the molien feed can optionally be passed
through a filter, and the resulting filtrate may be fed to a pelletizer. In the
pelletizer, the molten fead is passed through a die plate with a plurality of holes
and the resulting polymer strands are cut, optionally under waler, to form
pellets. The resulting pellets can have an average particle size, measured
along the longest dimension, of at least 0.5, atleast 0.75, atleast 0.90, at least
1, at least 1.1, at least 1.25 mm and/or not more than 2.25, not more than 2.1,
not more than 2, not more than 1.75, or not more than 1.6 mm, or in the range
of from0.510 225 mm, 0.810 2.1 mm, or 1 {0 2 mm.

{02301 When pastillized, a stream of molten feed can optionally be passed
through a filter, and the resulting filtrate may be fed to a pastiliator. iIn the
pastiliator, the molten feed is introduced into a cylindrical rotoform, which
rotates and deposits drops of the molten stream onio a moving belt. The
temperature of the feed to the rotoform can be at least 230, at least 235, at least
240, atleast 245, at least 250, or at least 255°C and/or not more than 270, not
more than 265, not more than 260, not more than 255, or not more than 250°C,
or in the range of from 230 1o 270°C, 240 1o 265°C, or 250 to 260°C.

{6231] Water or other suitable fluid medium having a temperature of atleast 27,
at least 30, at least 32, at least 35°C and/or not more than 50, not more than
45, not more than 40, not more than 35, or not more than 32°C, or in the range
of from 27 to 50°C, 3010 45°C, or 30 to 40°C, may be applied to the belt, theraby
cooling and solidifying the molten drops. The solid pastilles can then be
collected and transported as nesded {0 one or more locations within chemical
recyching facility 10 as discussed herein. The resulting pastilles can have an
average particle size of at Ieast 4.5, at least 1, at least 1.5, at least 2, at least
2.5, at least 3, at least 3.5, or at least 4 mm and/or not more than 8, not more

than 7.5, not more than 7, not more than 6.5, not more than 6 mm, measured
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along the longest particle dimension, orin the range offrom 1 o 8 mm, 1.5 1o
7.5m, 2107 mm, or4to 6 mm.

{0232} in one embodiment or in combination with any of the mentioned
embodiments, a belt flaker or drum flaker may be used o form flakes of the
polymer material. When flaked with a belt flaker, a stream of molten feed can
be passed through a filter, and the resulting filtrate may be fed onto a cylindrical
rotoform in a similar manner as described with respect to pastillation. However,
in flaking, the rotoform rotational speed may be slowed or stopped so that a
stream of molten feed can be deposited directly onto the belt. The speed of the
rotoform and belt and temperature of the rotoform and melt can be controlied
to achieve a desired thickness of the material on the belt. In general, the
temperature of the feed {o the rotoform can be atleast 230, atleast 235, at least
240, atleast 245, at least 250, or at least 255°C and/or not maore than 270, not
more than 265, not more than 260, not more than 255, or not more than 250°C,
or in the range of from 230 1o 270°C, 240 1o 265°C, or 250 to 260°C.

{62331 Once on the belt in a shest or layver of molten polymer, water or other
suitable fluid medium having a temperature of at least 27, at least 30, at least
32, at {east 35°C and/or not more than 50, not more than 45, not more than 40,
not more than 35, or not more than 32°C, or in the range of from 27 1o 50°C, 30
to 45°C, or 30 to 40°C, may be applied {o the belt, thereby cooling and
solidifying the molten material. Solid pieces or flakes are formed and collected
and transported as needed to one or more locations within chemical recycling
facility 10 as discussed herein. The average thickness of the resulting flakes
canbe atleast 0.5, atleast 1, atleast 1.5, atleast 2, atleast 2.5 mm and/for not
more than 4, not more than 3.5, not more than 3, not more than 2.5, nof more
than 2, not more than 1.5, not more than 1, or not more than 0.75 mm,
measured along the thickest portion of the flakes, or in the range of from 0.5 to
4dmm, orttod3mm, ortto2 mm.

{62341 When flaked with a drum flaker, the feed stream can be passed through
a filter, and the resulting molien filirate can be deposited onto the surface of a

rotating, internally cooled drum. As the material contacts the cooled drum
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surface, it solidifies and a scraper or stationary knife may be used 1o remove
the material in flakes. The average thickness of the resulting flakes can be at
least 0.5, at least 1, at least 1.5, at least 2, at least 2.5 mm and/or not more
than 4, not more than 3.5, not more than 3, not more than 2.5, not more than 2,
not more than 1.5, not more than 1, or not more than 0.75 mm, measured along
the thickest portion of the flakes, orinthe range of from 0. 5t0 4 mm, or 110 3
mm, or 1{0 2 mm.

[0235]in one embodiment or in combination with any of the mentioned
embodiments, as generally shown with respect to the solvolysis facility 230 in
FIG. 2, the effluent stream from the reaction zone in a solvolysis Tacility 30 may
optionally be sent through a non-PET separation zone 220 located downsiream
of the reactor, as discussed in detail previously. This post-reactor non-PET
separation zone 220 may be used in addition, or alternatively, to the non-PET
separation zone 220 upstream of the reactor as shown in FIG. 2.

[0238] As generally shown in FIGS. 2 and 3, the resulling effluent stream 222
from the reaction zone 240 {or 340 in the methanolysis facility 330) or, when
present, the non-PET separation zone 220, may be passed through a product
separation zone 250 {(or 350), wherein at least 50 weight percent of the principal
solvent {or methanol} in the feed stream introduced into the product separation
zone 250 {or 350) is separaied cut, In one embodiment or in combination with
any of the mentioned embodiments, at least 55, at least 60, at least 65, at least
70, atleast 75, at least 80, at least 85, or at least 90 weight percent of the {otal
amount of principal solvent {or methanol when the solvolysis facility is a
methanolysis facility) may be separated from feed stream in the product
separation zone 250 {or 350).

{02371 As shown in FIGS. 2 and 3, a stream 222 predominantly comprising the
principal solvent 222 {or a stream comprising predominantly methanol 322
when a methanolysis facility) may be removed from the product separation
zone 250 {or 350). In one embodiment or in combination with any of the
mentioned embodiments, this principal solvent stream 222 {or methanol stream

322) may comprise at least 50, at least 55, at least 60, at least 65, at least 70,
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atleast 75, at least 80, at least 85, at least 80, at least 95, or at least 88 weight
percent of the principal solvent {or methanol), based on the total weight of the
stream.

{0238}in one embodiment or in combination with any of the mentioned
embodiments, at least a portion, or all, of this principal solvent stream 222 {or
methanol stream 322} may be recycled {o the inlet of the solvolysis facility 230
{or methanolysis facility 330) and reintroduced with a new stream of PET-
containing or PET-enriched waste plastic. Additionally, or in the alternative, at
least a portion or all of the solvent stream 222 (or methanol stream 322) may
be sent to one or more of the other facilities within or external to the chemical
recycling facility 10.

{0239} Additionally, as shown in FIGS. 2 and 3, the product separation zone
250 {or 350) may be configured {o provide a stream enriched in the principal
glycol 224 and a stream enriched in the principal terephthalyl 226, or, when the
facility is a methanolysis facility as shown in FIG. 3, a stream enviched in EG
324 and a3 stream enviched in DMT 326.

{0248} In one embodiment or in combination with any of the mentioned
embodiments, the principal glycol stream 224 (or the EG stream 324) may
comprise at least 35, at least 40, atleast 45, at least 50, at least 55, at least 60,
at least 65, at least 70, at least 75, at least 80, or af least 85 weight percent of
principal glycol {or EG), based on the total weight of the stream. This may
correspond to at least 40, at least 45, at least 50, at least £5, at least 60, at
least 65, at least 70, at least 75, at least 80, at least 85, at least 80, or at least
85 percent of the total weight of principal glveol (or EG) introduced into the
product separation zone 250 {or 350).

{6241] Similarly, the principal terephthalyl stream 226 {or the DMT stream 326)
can comprise at least 35, at least 40, atleast 45, at least 50, at least 55, at least
60, at least 65, at least 70, at least 75, at least 80, or at least 85 weight percent
of the principal terephthalyl (or DMT), based on the fotal weight of the stream.
This may correspond to at least 40, at least 45, at least 50, al least 55, at least

60, at least 65, at least 70, at least 75, at least 80, at least 85, at least 90, or at
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least 85 percent of the total weight of principal terephthalyl {or DMT) introduced
into the product separation zone 250 (or 350).

{0242} Any suitable separation device or method can be used within the product
separation zone 250 {or 350} io provide streams enviched in the principal
solvent {or methanol), the principal glycol {or EG), and the principal terephthalyl
{or DMT). Examples of suitable separation methods can include, but are not
imited to, distillation, exitraction, decanting, and combinations thereof,
Equipment associated with such methods can include columns, vessels,
decanters, membranes, and combinations thereof. In one embodiment or in
combination with any of the mentionsed smbodiments, at lsast one separation
step may be performed {o separate the solvent from the principal glycol (or the
methanol from the EG in the case of methanolysis) and at least one other
separation step may be performed to separate the principal glycol from the
principal terephthalyl {or the EG from the DMT).

[02431As shown in FIGS. 2 and 3, the principal glycol stream 224 (324)
withdrawn from the product separation zone 250 {350} can be passed to a
glycol separation zone 260, wherein at least 50 weight percent of the principal
glycol in the stream 224 introduced therein can be separated out. When the
solvolysis facility is & methanolysis facility, as shown in FIG. 3, the glyeol
separation zone is an EG separation zone 360 used to separate at least 50
weight percent of EG from the stream 324 introduced therein. The glycol
separation zone 260 {(or EG separation zone 360} can include any suitable
device or employ any suitable method needed to camry out the separation
including, but not limited to, distillation (including azeotropic distillation),
extraction, filtration, and combinations thereof.

{62447 As shown in FIGS. 2 and 3, the glycol separation zone 260 {(or the EG
separation zone 360) may be configured o separale at least a portion of the
remaining solvent {or methanol) from the glycol siream 224 {or EG stream 324)
withdrawn from the product separation zone 250 {or 350). in one embodiment
or in combination with any of the mentioned embodiments, this stream of

solvent {or methanol} withdrawn from the glycol (or EG) separation zone 204
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{or 304) may comprise at least 80, at least 55, at least 60, at least 65, at least
70, atleast 75, at least 80, at least 85, at least 90, or at least 05 weight percent
of solvent {or methanol), based on the fotal weight of the stream.

{0245 Additionally, as shown in FIGS. 2 and 3, a stream of recycle conient
glycol 206 {or recycle content EG 306) and a stream of glycol sludge 228 {or a
stream of EG sludge 328) may also be removed from the glycol separation zone
260 {or 360). In one embodiment or in combination with any of the mentioned
embodiments, the r-glycol stream 206 and glycol sludge stream 228 {or the r-
EG stream 306 and the EG sludge stream 328) may comprise not more than
25, not more than 20, not more than 15, not more than 10, not more than 5, not
more than 2, or not more than 1 weight percent of solvent (or methanol}, based
on the total weight of each respective stream.

[0248]in one embodiment or in combination with any of the mentioned
embodiments, the glycol separation zone 260 {or EG separation zone 360) may
be configured {o provide a stream enriched in the principal glycol 206, In one
embodiment or in combination with any of the mentioned embodiments, the
glycol enriched stream 206 can include at Ieast 50, at least 55, af least 60, at
least 65, atleast 70, at least 75, at least 80, at least 85, at least 80, at least 85,
or at least 87 weight percent of the principal glycol, based on the total weight of
the stream.

{62471in one embodiment or in combination with any of the mentioned
embaodiments, the glycol stream 206 withdrawn from the glycol separation zone
260 may comprise at least 1, at least 5, at least 10, at least 15, at least 20, at
least 25, atleast 30, at least 35, atleast 40, at least 45, at least 50, at least 55,
af least 80, at least 65, at least 70, af least 75, at least 80, at least 85, af least
80, at least 95, or at least 99 weight percent of recycle content glycol, based on
the total weight of the stream. This may correspond to at least 70, at least 75,
at least 80, at least 85, at least 80, at least 85, atleast 97, or at least 89 weight
percent of the total amount of r-glycol produced in the solvolysis faciiity 230,
{32481 When the solvolysis facility is a methanolysis facility 330 as shown in

FIG. 3, the EG separation zone 360 is configured to provide a stream enriched
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in EG 306. In one embodiment or in combination with any of the mentioned
embodiments, the EG stream 306 withdrawn from the EG separation zone 360
can include at least 50, at least 5§, at least 60, at least 65, at least 70, at least
75, at least 80, at least 85, at least 90, at least 95, or at least 97 weight percent
of E(, based on the total weight of the stream.

{0249] In one embodiment or in combination with any of the mentioned
embodiments, the EG stream 306 withdrawn from the EG separation zone 360
may comprise at least 1, at least 5, at least 10, at least 15, at least 20, at least
25, at least 30, af least 35, at least 40, at least 45, at least 50, at least 85, at
least 80, at least 65, at least 70, at least 75, at least 80, at least 85, at least 90,
at least 85, or at least 99 weight percent of recycle content EG, based on the
total weight of the stream. This may correspond to atf least 70, at least 75, at
least 80, at least 85, at least 80, at least 85, at least 97, or at least 88 weight
percent of the total amount of EG produced in the methanolysis facility and it
may be routed to further processing, storage, and/or use,

{62501 As shown in FIGS. 2 and 3, the glycol separation zone 260 {(or, in the
case of methanolysis, EG separation zone 380} may alsc be configured to
provide a glycol column bottoms coproduct stream 228 (or an EG bottoms
coproduct stream). The terms “glveo! bottoms” or “glycol column botioms” or
“glycot sludge” refers to components other than the principal glycol that have a
boiling point (or azeotrope) higher than the boiling point of the principal glvcol
but lower than the principal terephthalyl. Similarly, the terms “EG bottoms” or
“‘EG column bottoms” or “EG sludge” refer to components other than the
principal glycol that have a bolling point {or azeotrape) higher than the boiling
point of the principal glycol but lower than the principal terephthalyl.

{62511in one embodiment or in combination with any of the mentioned
embodiments, the ghycol column bottoms {or glycol sludge) coproduct stream
228 {or, in the case of methanolysis, the EG botloms or EG sludge stream 328}
can comprise at least B0, at least 55, at least 60, at least 65, atleast 70, at least

75, at least 80, at least 85, at least 80, or al least 95 weight percent of
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components with a boiling point higher than the boiling point of the principal
glycol {or ethylene glycol).

{0252} in one embodiment or in combination with any of the mentioned
embodiments, the glycol column bottoms {or glycol sludge) coproduct stream
228 {or, in the case of methanolysis, the EG bottoms or EG sludge stream 328)
can compyrise not more than 60, not more than 55, not more than 50, not more
than 45, nof more than 40, not more than 35, not more than 30, nof more than
25, not more than 20, not more than 15, not more than 10, not more than 5, not
more than 2, not more than 1 weight percent of components with a bolling point
lower than the boiling point of the principal glycol {or ethylene giveol), The
glycol column bottorns {or glyeol sludge) coproduct stream 228 {or, in the case
of methanolysis, the EG botloms or EG shludge stream 328) can have a mid-
range boiling point higher than the boiling point of the principal glycol (or
ethylene glycol}.

[02531In one embodiment or in combination with any of the mentioned
embodiments, the bottoms {or glycol sludge) coproduct stream 228 (or, in the
case of methanolysis, the EG bottoms or EG sludge stream 328)can have a
viscosity of at least 0.01, at least 0.05, atleast 0.10, at least 0.25, atleast 0.50,
at least 1, at least 2, at least 3, at least 5, at least § poise {P) and/or not more
than 15, not more than 12, not more than 10, not more than 8, not more than 6,
not more than 5, not more than 3, not more than 2, not more than 1, or not more
than 0.5 P, measured using a Brookfield R/S rheometer with V80-40 vane
spindie operating at a shear rate of 10 rad/s and a temperature of 250°C, orin
therange of from Q.01 1015 P, 00510 10P, or 01010 5 P.

{G254] The total solids content of the glycol column bottoms {or glvcol sludge)
coproduct stream 228 {or, in the case of methanolysis, the EG boltoms or EG
siudge stream 328)can be not more than 10, not more than 8, not more than §,
not more than 5, not more than 3, not more than 2, not more than 1, not more
than 0.5 weight percent, based on the total welight of the stream.

[(3255)In one embodiment or in combination with any of the mentioned

embodiments, the glycol not more than can compyrise at least 60, at least 65, at
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least 70, atleast 75, at least 80, atleast 85, atleast 90, at least 92, at least 85,
at least 97, at least 98, at least 89, or at least 98.5 weight percent of oligomers
comprising moieties of the polvester, based on the iotal weight of the stream.
As used herein, the term “polyester moleties” refers to portions or residues of a
polyesier, or reaction products of the polyester portions or residues.

{3256] The oligomers can have a chain length of at least 2, atleast 3, at least
4, atleast 5, at least 8, at least 7, or at least 8 monomer units and/or not more
than 30, not more than 27, not more than 25, not more than 22, not more than
20, not more than 17, not more than 15, not more than 12, or not more than 10
monomer units, or a chain length in the rangs of from 2 to 30 monomer units, 3
to 25 monomer units, or 5 to 20 monomer units. The oligomers may comprise
moieties of the polyester being processed including, for example, PET.
[02571in one embodiment or in combination with any of the mentioned
embodiments, the bottoms (or glycol sludge) coproduct siream 228 (or, in the
case of methanolysis, the EG bottoms or EG sludge stream 328) comprises at
least 0.01, at least 0.05, atleast 0.10, at least 0.50, at least 1, or atleast 1.5
and/or not more than 40,not more than 35, not more than 30, not more than 25,
not more than 20, not more than 15, not more than 10, not more than 5, or not
more than 2 weight percent of components other than oligomer, based on the
total weight of the stream, or these components can be present in an amount
in the range of from 0.01 to 40 weight percent, 0.10 to 30 weight percent, or 1
to 20 weight percent, based on the total weight of the stream.

[02581In one embodiment or in combination with any of the mentioned
embodiments, the oligomers further comprise moleties of at least one ester
other than dimethyl terephthalate, at least one carboxylic acid other than
terephthalic acid, and/or at least one glycol other than ethylene giycol. For
example, the oligomers may further comprise moileties of one or more of
diethylene glycol, tristhviene glycol, 1,4-cyclohexane-dimethanol, propane-1,3-
diol, butane-1,4-diol, pentane-1,5-diol, hexane-1,6-diol, neopentyl glycol, 3-
methylpentanediol-(2,4), Z-methvipentanediol-{1,4), 2,2.4-trimethyipentane-
diol-(1,3), 2-ethythexanediol-(1,3), 2,;;1ieihyipmpame--dioh(1 .3}, hexanediol-
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{1,3), 1.4-di-(hydroxyethoxy)-benzene, 2,2-bis-(4-hvdroxycyciohexyl)-propane,
2 4-dihydroxy-1,1,3,3-tetramethyl-cyclobutane, 2,24 4-
tetramethylcyclobutanediol, 2,2-bis-(3-hydroxvethoxyphenyl}-propane, 2,2-bis-
{4-hydroxypropoxyphenyl)-propans,  iscsorbide, hydroquinons, BDS-{2,2-
{sulfonyibisi4 1-phenvienecoxy))bis{ethanol}, phthalic acid, isophthalic acid,
naphthalene-2,6-dicarboxylic acid, cyclohexanedicarboxylic acid,
cyclohexanediacetic  acid, diphenyli-4 4 dicarboxylic acid, dipheny-3,4-
dicarboxylic acid, 2,2,~-dimethyl-1,3-propandiol, dicarboxylic acid, succinic acid,
glutaric acid, adipic acid, azelaic acid, sebacic acid, and combinations thereof.
{02581 The bottoms {or glycol sludge) coproduct stream 228 {or, in the case of
methanolysis, the EG bottoms or EG sludge stream 328) may also comprise
principal glycol {or, in the case of methanolysis, ethylene glycol) in an amount
of atleast 0.5, atleast 1, atleast 2, at least 3, atleast 5, or at least 8 and/or not
more than 30, not more than 25, not more than 20, not more than 15, not more
than 12, or not more than 10 weight percent, based on the total weight of the
stream, or i can comprise the principal glycol {or ethvlene glycol) in an amount
in the range of from 0.5 to 30 weight percent, 1 1o 25 weight percent, or 5 10 20
weight percent, based on the total weight of the stream. The principal glycol
{or sthylene glycol) may be present as itself {in a free state) or as a moiety in
another compound., QOther examples of other possible principal glycols
{depending on the specific type of PET or other polymer being processed) may
include, but are not limited to, diethylene glycol, neopentyl glycol, 1,4-
cyclohexanedimethanol, and 2,2 4, 4-tetramethyl-1,3-cyclobutanediol.

{6280)in one embodiment or in combination with any of the mentioned
embodiments, the glycol column botioms (or glveol sludge) coproduct siream
228 may further comprise at least one glycol other than the principal glycol. In
the case of methanolysis, the EG botioms or EG sludge stream 328 may
comprise at least one glycol other than EG. Some examples of other glycols
can include, but are not limited to, diethylene glycol, tristhylene giyeol, 1,4-
cyclohexane-dimethanol, propane-1,3-diol, butane-1,4-diol, pentane-1,5-diol,

hexane-1,6-didl, neopentyl glycol, J-methylpentanediol-(2,4), 2-
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methyipentanediol-{1,4), 2,2,4-trimethyipentane-diol-(1,3), 2-ethythexanediol-
(1.3}, 2.2-diethyipropane-diol-(1,3), hexanediol-(1,3), 1,4-di-(hydroxyethoxy}-
benzene, 2,2-bis-{4-hydroxycyclohexyl}-propane, 2,4-dihydroxy-1,1,3,3-
tetramethyl-cyclobutane, 2,2,4,4  tetramethylcyclobutanediol,  2,2-bis-{3-
hydroxyethoxyphenvil-propane,  2,2-bis-{4-hydroxypropoxyphenyll-propane,
isosorbide, hydroguinone, BDS-(2,2-{sulfonylhis}4, 1-
phenyieneoxy)bis{ethanol), and combinations thereof. The other glycol may
not be or comprise ethylene glycol.

{0261}in one embodiment or in combination with any of the mentioned
embodiments, the glycol other than the principal glyeol {or sthylene glycol in the
case of methanolysis} can be present in the glycol column  bottoms {or glycol
studge) coproduct stream 228 (or, in the case of methanolysis, the EG bottoms
or £G sludge stream 328in an amount of at least 5, at least 10, at least 15, at
least 20, at least 25, al least 30, atleast 35, atleast 40, at least 45, at least 50,
at least 55, at least 60, at least 65, at least 70, or at least 75 and/or not more
than 99, nof more than 95, not more than 90, not more than 85, not more than
80, not more than 75, not more than 70, not more than 85, not more than 60,
not more than 55, not more than 50, not more than 45, not more than 40, or not
more than 35 weight percent, based on the total weight of glycols in the stream,
or in an amount in the range of from 5 to 75 weight percent, 10 to 60 weight
percent, or 15 to 45 weight percent, based on the total weight of the stream.
[0262]in one embodiment or in combination with any of the mentioned
embodiments, the weight ratio of the at least one giycol other than the principal
glycol {or ethylene glycol) to the principal glycol {or ethylene glycol) is at least
(0.5:1, al least 0.55:1, at least 0.65:1, atf least 0.70:1, at least 0.75:1, at least
(0.80:1, at least 0.85:1, at least 0.80:1, at least 0.95:1, at least 0.97:1, at least
0.98:1, at least 1.1, at least 1.05:1, atleast 1.1:1, atleast 1.15:1, atleast 1.2:1,
or at least 1.25:1. Additionally, or in the alternative, the weight ratic of the at
least one glycol other than the principal glycol {(or sthylene glycol) fo the
principal glycol{or ethylene glycol) Is not more than 5:1, not more than 4.5:1,

not more than 4:1, not more than 3.5:1, not more than 3:1, not more than 2.5:1,
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not more than 2:1, not more than 1.5:1, not more than 1.25:1, or hot more than
1:1, or i can be in the range of 0.5:1 fo 5.1, or 0.75:1 1o 3.5:1, or 0.85:1 {0
1.25:1.

{02631in one embodiment or in combination with any of the mentioned
embodiments, the bottomns {or glycol sludge) coproduct siream 228 {or, in the
case of methanolysis, the EG bottoms or EG sludge stream 328 withdrawn from
the solvolysis facility 230 (or the methanolysis facility 330) andior introduced
into one or more of the downstream facilities shown in FIG. 1 can have a
temperature of at least 150, at least 155, at least 160, atleast 165, atleast 170,
at least 175, at least 180, st least 185, at least 180, or at least 185 and/or not
more than 260, not more than 255, not more than 250, not more than 2485, not
more than 240, not more than 235, not more than 230, or not more than 225)°C
when withdrawn from the solvolysis facility 230 {or methanolysis facility 330},
or it can be in the range of from 150 to 260°C, 175 to 250°C, or 180 to 240°C.
The stream 228 (or 328} can be in the form of a liquid, a melf, a slurry, or &
plurality of solid particles.

{0284} Turning again to FIG. 2, a stream predominantly comprising the principal
terephthalyl 226 can be passed from the product separation zone 250 to a
terephthalyl separation zone 270, wherein at least 50 weight percent of the
principal {erephthalyl in the stream introduced into the terephthalyl separation
Zone is separated out. When the facility is a methanolysis facility as shown in
FIG. 3, a stream comprising predominantly DMT 328 can be passed from the
product separation zone 350 to a DMT separation zone 370. The terephthalyl
separation zone 270 of the solvolysis facility 230 (or the DMT separation zone
370 of the methanolysis facility 330) can include any suitable device or employ
any suitable method needed to carry out the separation including, but not
limited to, distillation {(including azeotropic distillation), exiraction, filtration,
crystallization, washing, drying, and combinations thereof.

{02651 As shown in FIGS. 2 and 3, the terephthalyl separation zone 270 {or
DMT separation zone 370) may be configured to provide a stream enriched in

principal terephthalyl 208 {or a stream enriched in DMT 308) In one
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embodiment or in combination with any of the mentioned embodiments, the
terephthalyl stream 208 (or BMT stream 308) can include at least 50, at least
55, at least 60, at least 65, at least 70, at least 75, at least 80, at least 85, at
least 80, at least 95, or at least 87 weight percent of terephthalyl {or DMT),
based on the total weight of the stream. This may correspond to at least 70, at
least 75, at least 80, atleast 85, at least 80, at least 85, at least 97, or at least
G938 weight percent of the total amount of terephthalyl {or DMT) produced in the
solvolysis facility 230 {or methanolysis facility 330}, In one embodiment or in
combination with any of the mentioned embodiments, the terephthalyl stream
208 {or DMT stream 308) withdrawn from the terephthalyl separation zone may
comprise at least 1, atleast 5, at least 10, at least 15, at least 20, at least 25,
at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, at least
60, at least 65, at least 70, at least 75, at least 80, at least 85, at least 90, at
least 85, or at least 89 weight percent of recycle content terephthalyl, based on
the total weight of the stream. The terephthalyl stream 208 (or DMT stream
308) may be routed fo further processing, storage, and/for use.

{62661 When the solvolysis facility is a methanolysis facility 330 as shown in
FIG. 3, DMT separation zone 370 is configured to provide a stream enriched in
recycle content DMT {r-DMT) 308, In one embodiment or in combination with
any of the mentioned embodiments, the r-DMT stream 308 can include at least
50, at least 55, at legst 60, at least 65, at least 70, st least 75, at least 80, at
least 85, at least 90, at least 85, or at least 97 weight percent of r-DMT, based
on the total weight of the stream. This may correspond to at least 70, at least
75, at least 80, at least 85, at least 90, at least 95, at least 97, or at least 99
weight percent of the iotal amount of r-DMT produced in the methanolysis
facility 330.

{0267}in one embodiment or in combination with any of the mentioned
embodiments, the DMT stream 308 withdrawn from the DMT separation zone
370 may comprise at least 1, at least 5, at least 10, atleast 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at least 45, at least 50, af least 55,

at least 60, at least 65, at least 70, at least 75, at least 80, at least 85, at least
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90, at least 85, or at least 89 weight percent of recycle content BMT, based on
the fotal weight of the stream. The r-DMT stream 308 may be routed o further
processing, storage, and/or use.

{62681 As shown in FIG. 2, the terephthalyl separation zone 270 may also be
configured {0 provide a terephthalyl bottoms {or terephthalyl sludge) coproduct
stream 232. The term “terephthalyl bottoms” or “terephthalyl column bottoms”
or “terephthalyt sludge” refers to components other than the principal
terephthalyl that have a boiling point {or azeotrope) higher than the boiling point
of the principal terephthalyl. Similarly, the DMT separation zone 370 shown in
the methanolysis facility 330 in FIG. 3 may also be configured {o provide a DMT
botterms {or DMT sludge} coproduct stream 332, The term “terephthalyl
bottoms” or "terephthalyl column bottoms” or “terephthalyl sludge” refers to
components other than the principal terephthalyl that have a boiling point {or
azeotrope) higher than the bolling point of the principal terephthalyl.

[02691In one embodiment or in combination with any of the mentioned
embodiments, the terephthalyl bottoms or sludge coproduct stream 232 {or the
DMT bottoms or sludge coproduct stream 332) can comprise at least 40, at
least 45, at least 50, at least 55, at least 60, at least 65, at least 70, at least 75,
at least 80, at least 85, at least 80, or at least 95 weight percent of components
with a boiling point higher than the boiling point of the principal terephthalyl (or
DMT).  In one embodiment or in combination with any of the mentioned
embaodiments, the terephthalyl bottoms or sludge coproduct stream 232 {(or the
DMT bottoms or sludge coproduct stream 332) can comprise not more than
80, not more than 55, not more than 50, not mare than 45, not more than 40,
not more than 35, not more than 30, not more than 25, not more than 20, not
more than 15, not more than 10, not more than 5, not more than 3, not more
than 2, not more than 1 weight percent of components with a boiling point lower
than the boiling point of DMT. The terephthalyl bottoms or sludge coproduct
stream 232 {(or the DMT bottoms or sludge coproduct stream 332} can have a
mid-range boiling point higher than the boiling point of the principal terephthalyi

{or DMT).
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{627¢1in one embodiment or in combination with any of the mentioned
embodiments, the ferephthalyl bottoms or sludge coproduct stream 232 (or the
DMT botioms or sludgs coproduct stream 332} has a viscosity of at least 0.01,
at least 0.05, at least 0.10, at least 0.25, at least 0.50, at least 1, at least 2, at
least 3, atleast 5, atleast 6, or at least & poise (F) and/or not more than 10, not
more than 8, not more than 6, not more than 5, not more than 3, not more than
2, not more than 1, not more than 0.5, not more than 0.1, not more than 0.05,
or not more than 0.025 P, measured using a Brookfield R/IS rheometer with
V80-40 vane spindle operating at a shear rate of 10 rad/s and a temperature of
250°C, or it can have a viscosity in the range of from 0.01 10 10 P, 0.05 1086 P,
orfto b P

[6271] The total solids content of the terephthalvl bottoms or sludge coproduct
stream 232 (or the DMT bottoms or sludge coproduct stream 332) can be not
more than 10, not more than 8, not more than 6, not more than 5, not more than
3, not more than 2, not more than 1, not more than 0.5 weight percent, based
on the total weight of the stream. In one embodiment or in combination with
any of the mentioned embodiments, the terephthalyl sludge coproduct stream
232 {or DMT sludge coproduct stream 332) can comprise particles of DMT,
formed by pastillation, pelletization, or flaking. The particles, when present,
may be transporied as particles, or may be combined with a liquid to form a
slurry.

[02721in one embodiment or in combination with any of the mentioned
embodiments, the terephthalyi bottoms or sludge coproduct stream 232 {or the
DMT bottoms or sludge coproduct stream 332} can comprise at least 60, at
least 65, at least 70, at least 75, at least 80, at least 85, at least 890, at least 892,
at least 85, ai least 97, at least 98, at least 99, or at least 9.5 weight percent
of oligomers comprising moieties of the polyester, based on the total weight of
the stream. The oligomers can have a chain length of at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, or at least 8 monomer units and/or not
more than 30, not more than 27, not more than 285, not more than 22, not more

than 20, not more than 17, not more than 15, not more than 12, or not more
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than 10 monomer units, or it can be in the range of from 2 to 30 monomer units,
4 to 25 monomer units, or 5 and 20 monomer uniis.

{0273} The oligomers may comprise molieties of the polyester being processed
such as, for example, PET. In one embodiment or in combination with any of
the mentioned embodiments, the terephthalyl botioms coproduct stream
comprises at least 0.01, at least 0.05, at least 0.10, at least 0.80, atleast 1, or
at least 1.5 weight percent and/or not more than 40, not more than35, not more
than 30, not more than 258, not more than 20, not more than 15, not more than
10, not more than 5, ar not more than 2 weight percent of components other
than oligomer, based on the {otal weight of the stream, or it can be in the range
of from 0.01 to 40 weight percent, 0.10 to 30 weight percent, or 1 to 10 weight
percent, based on the total weight of the stream.

[0274}in one embodiment or in combination with any of the mentioned
embodiments, the oligomers further comprise moleties of at least one ester
other than dimethyl {erephthalate, at least one carboxylic acid other than
terephthalic acid or DMT, and/or at least one glycol other than sthylene glycol.
For example, the oligomers may further comprise moieties of one or more of
diethylene glycol, tristhviene glycol, 1, 4-cyclohexane-dimethanol, propane-1,3-
diol, butane-1,4-diol, pentane-1,5-digl, hexane-1,6-dicl, neopentyl glycol, 3-
methylpentanediol-(2,4), Z-methylpentanediol-{1,4), 2,2.4-trimethylpentane-
diol-(1,3}, 2-ethythexanediol-{1,3), 2,2-diethylpropans-diol-{1,3), hexanediol-
(1.3}, 1,4-di-(hydroxyethoxy}-benzene, 2,2-bis-(4-hydroxycycichexyl}-propane,
2, 4-dihydroxy-1,1,3,3-tetramethyl-cyclobulane, 2244
tetramethylcyclohutanediol, 2,2-bis-(3-hydroxyethoxyphenvl}-propane, 2,2-bis-
{4-hydroxypropoxyphenyi}-propane, isosorbide, hydroquinone, BDS-(2,2-
{sulfonvibis)4,1-phenyleneoxy}ibis{ethanol), phthalic acid, isophthalic acid,
naphthalene-2,6-dicarboxylic acid, cyclohexanedicarboxylic acid,
cyclohexanediacetic  acid, diphenyi4 4 -dicarboxylic  acid, dipheny-3,4"-
dicarboxylic acid, 2,2,-dimethyl-1,3-propandiol, dicarboxylic acid, succinic acid,

glutaric acid, adipic acid, azelaic acid, sebacic acid, and combinations thereof.
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{0278] The terephthalyl botfoms or sludge coproduct stream 232 {(or the DMT
bottoms or sludge coproduct stream 332} may alse comprise principal
terephthalyl or, in the case of methanolysis, DMT, in an amount of at least 35,
at least 40, at least 45, at least 50, at least 55, at least 60, at least 65, at least
70, at least 75, at least 80, at least 85, at least 80, or at least 95 weight percent
and/or not more than 99, not more than 95, not more than 80, not more than
85, not more than 80, not more than 75, not more than 70, nof more than 65,
not more than 80, not more than 55, not more than 50, not more than 45, or not
more than 40 weight percent, based on the total welght of the coproduct stream,
or it can be present in an amount of 40 1o 89 weight percent, 50 {o 90 weight
percent, or 55 to 90 welight percent, based on the total weight of the stream.

[6276] Additionslly, the terephthalyl bottoms or sludge coproduct stream 232
{or the DMT bottoms or sludge coproduct stream 332} can include a minor
amount of the principal glycol (or ethylene glycol in the case of methanolysis).
Examples of possible principal glycols (depending on the PET or other polymer
being processed) may include, but are not limited to, diethvlens glycol,
neopentyl glycol, 1,4- cyclochexanedimethanol, and 2,2,4,4-tstramethyl-1,3-
cyclobutanediol.  In one embaodiment or in combination with any of the
mentioned embodiments, the terephthalyl bottoms or sludge coproduct stream
232 {or the DMT botlloms or sludge coproduct stream 332) can comprise not
more than 10, not more than 8, not more than 6, not more than 5, not more than
4, not more than 2, not more than 1, not more than 0.5 weight percent of
principal glycol {or ethylene glycol}, based on the total weight of the stream.

{6277]in one embodiment or in combination with any of the mentioned
embodiments, the terephthalyl bottoms or sludge coproduct stream 232 {or the
DMT bottoms or sludge coproduct stream 332) can comprise not more than 10,
not more than 8, not more than 8, not more than 5, not more than 4, not more
than 2, not more than 1, not more than 0.5 weight percent of terephthalyis {(or
carboxyls} other than the principal terephthalyl (or DMT), based on the total

weight of the stream.
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{6278]in one embodiment or in combination with any of the mentioned
embodiments, the ferephthalyl bottoms or sludge coproduct stream 232 (or the
DMT botioms or sludge coproduct stream 332) may further comprise at least
one substituted terephthalyl component. As used herein, the term “substituted
terephthalyl” refers o a terephthalyl component having at least one substituted
atom or group. In one embodiment or in combination with any of the mentioned
embodiments, the terephthalyl bottoms or sludge coproduct stream 232 (or the
DMT bottoms or sludge coproduct stream 332} can include at least 1, at least
100, at least 500 parts per biflion by weight, or at least 1, at least 50, at least
1000, at least 2500, at least 5000, at least 7500, or at least 10,000 pars per
million by weight, or atleast 1, atleast 2, or at least 5 weight percent andfor not
more than 25, not more than 20, not more than 15, not more than 10, not more
than 5, not more than 2, not more than 1, not more than (.5, not more than 0.1,
not more than 0.05, or not more than 0.01 weight percent of substituted
teraphthalyl components, based on the {otal weight of the terephthalyl boltoms
or sludge coproduct stream 232 {or the DMT bottoms or sludge coproduct
stream 332} or it can be present in an amount in the range of from 100 ppb to
20 weight percent, 100 ppm to 10 weight pearcent, or 2500 ppm to 5 weigh
percent, based on the total weight of the stream.

f(32791In one embodiment or in combination with any of the mentioned
embodiments, the tergphthalyl other than the principal terephthalyl {or DMT in
the case of methanolysis) can be present in the terephthaly! bottoms or sludge
coproduct stream 232 (or the DMT bottoms or sludge coproduct stream 332} in
anamount of at least 15, at least 20, atleast 25, st least 30, at least 35, atleast
40, at least 45, at least 50, at least 55, at least 60, at least 65, atleast 70, or at
least 75 and/or not more than 29, not more than 95, not more than 80, not more
than 85, not more than 80, not more than 75, not more than 70, not more than
65, not more than 60, not more than 55, not more than 50, not more than 45,
not more than 40, or not more than 35 weight percent, based on the total weight

of terephthalylin the stream, or it can be present in an amount of 1510 75 weight
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percent, 20 to 65 wsight percent, or 25 to 50 weight percent, based on the total
weight of the stream.

{0280} in one embodiment or in combination with any of the mentioned
embodiments, the weight ratio of the at least one terephthalyl other than the
principal terephthalyl to the principal terephthalyl is at least 0.5:1, at least
(0.55:1, at least 0.65:1, atleast 07001, at least 0.75:1, at least 0.80:1, at least
(0.85:1, at least 0.90:1, at least 0.895:1, at least 0.97:1, at least 0.99:1, at least
1:1, at least 1.05:1, at least 1.1:1, at least 1.15:1, at least 1.2:1, or at least
1.25:1. Additionally, or in the alternative, the weight ratio of the atf least one
terephthalyi other than the principal terephthalyl to the principal terephthalyi is
not more than 5:1, not more than 4.5:1, not more than 4:1, not more than 3.5:1,
not more than 3:1, not more than 2.5:1, not more than 2:1, not more than 1.5:1,
not more than 1.258:1, or not more than 1.1, or it can be in the range of from
0511051, 0758110 3.5:1, or 111 0 2.5:1.

{02811In one embodiment or in combination with any of the mentioned
embodiments, the terephthalyl bottoms or sludge coproduct stream 232 {or the
DMT bottoms or sludge coproduct stream 332} withdrawn from the solvolysis
facility 230 {(or methanolysis facility 330), and/or the terephthaly! bottoms or
sludge coproduct stream 232 {or the DMT bottoms or sludge coproduct stream
332) introduced into one or more of the downstream facilities shown in FIG. 1
can have a temperature of at least 150 at least 155, at least 160, at least 165,
at least 170, at least 175, at least 180, at least 185, atl least 180, or at least
185°C and/or not mors than 260, not more than 255, not more than 250, not
more than 245, not more than 240, not more than 235, not more than 230, or
not more than 225°C when withdrawn from the solvolysis facility 230 {(or
methanolysis facility 330), or it can be in the range of from 150 o 260°C, 175
1o 280°C, or 195 10 225°C.

{0282}in one embodiment or in combination with any of the mentioned
embodiments, the terephthalyl bottoms or sludge coproduct stream 232 (or the
DMT bottoms or sludge coproduct stream 332) can comprise at least 50, at

least 55, at least 60, at least 65, atleast 70, at least 75, at least 80, at least 85,
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at least 80, or at least 85 weight percent of components with a boiling point
higher than the boiling point of DMT. In one embodiment or in combination with
any of the mentioned embodiments, the terephthalyl boitoms or sludge
coproduct stream 232 {or the DMT botloms or sludge coproduct stream 332)
can comprise not more than 25, not more than 20, not more than 15, not more
than 10, not more than 5, not more than 2, not more than 1 weight percent of
components with a boiling point lower than the boiling point of DMT.

[0283}in one embodiment or in combination with any of the mentioned
embodiments, one or more of the above coproduct streams withdrawn from the
solvolysis facility 230 {or methanolysis facility 330}, inciuding the polyolefin-
containing coproduct stream 218a,b (or 316), the terephthalyl {or DMT) sludge
stream 232 {or 332), and the reactor purge coproduct stream 218 {or 318} can
be or comprise solids. Examples of such streams can include solid particles
transportable by solids transport devices and systems, as well as melts and
slurries.

{62841in one embodiment or in combination with any of the mentioned
embodiments, the polyolefin-containing coproduct siream 216a,b (or 316) may
be pelletized or micro-pelletized and sent to a gasifier or sold as a product
stream.

f(32851In one embodiment or in combination with any of the mentioned
embodiments, the terephthalvi sludge 232 {or DMT sludge 332) may be formed
into pastilles or flakes (by a drum flaker, for example) by any suitable method,
and the pastilles or flakes may be transported to a POX gasification facility 50
andior to further transportation, storage, use, and/or disposal.  In one
embodiment or in combination with any of the mentioned embodiments, the
terephthalyl sludge 232 (or BMT sludge 332) may be transported as a liquid
phase stream {e.¢., as a melt or a slurry) to 2 POX gasification facility 50 andfor
{0 an energy generation/production facility 80,

{62881in one embodiment or in combination with any of the mentioned
embodiments, the reactor purge coproduct stream 218 {or 318) may be formed

into pastilies or flakes {by a drum flaker, for example) by any suitable method,
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and the pastilles or flakes may be transported to a POX gasification facility 50
andior to further transportation, siorage, use, and/or disposal.  In one
embodiment or in combination with any ¢f the mentioned embodiments, the
reactor purge coproduct strearn 218 (or 318} may be transported as a liquid
phase stream {e.q., as a melt or a shurry} to a POX gasification facility 50 and/or
to an energy generation/production facility 80. One or more of the above may
occur when the purge from the reacior is continuous. This may occur when, for
example, the fotal content of inert components in the feed to the solvolysis {or
methanolysis) faciiity 30 or chemical recycling facility 10 as shown in FIG. 1 s
less than 0.40, not more than .35, not more than 0.30, not more than .25, not
more than 0.20, not more than 0.15, or not more than 0.10 weight percent,
based on the total content of the feed stream.

[02871in one embodiment or in combination with any of the mentioned
embodiments, the reactor purge coproduct stream 218 {or 318) may be formed
inic pellets or micro-pellets by any suilable method, and the pellets may be
transported to a POX gasification facility 50 and/or to further transportation,
storage, use, and/or disposal. One or more of the above may occur when the
purge from the reactor is batch. This may occur when, for example, the total
content of inert components in the feed to the solvolysis (or methanolysis)
facility 30 or chemical recycling facility 10 as shown in FIG. 1is atleast 0.40, at
least 0.45, at least 0.50, atleast (.58, or at least 0.60 weight percent, basad on
the total content of the feed stream.

{0288]In one embodiment or in combination with any of the mentioned
embodiments, the glycol sludge 228 (or EG sludge 328) may be transported as
a liquid phase stream fo a POX gasification facility 50 and/or {o an energy
generation/production facility 80. One or more of the above may occur when
the purge from the reaclor is continuous.

{0288}in one embodiment or in combination with any of the mentioned
embodiments, all or a portion of one or more of the solvolysis coproduct
streams may be withdrawn from solvolysis facility 30 and routed fo further

processing, storage, sale, andfor disposal. This can include one or more of the
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polyolefin-containing coproduct stream, the reactor purge coproduct stream,
the glyeol column bottoms coproduct stream, and the terephthalyl column

bottoms stream as discussed above.

Solidification Facility

{6280 Refarring again to FIG. 1, the chemical recycling facility 10 may also
comprise a solidification Tacility 40, As used herein, the term “solidification”
refers to causing a non-solid material 1o become a solid material through a
physical means {(e.g., cooling) and/or chemical means (e.g., precipifation). A
“solidification facility” is a facility that includes all equipment, fines, and controls
necessary to carry out solidification of a feedstock derived from waste plastic.

[6291] Turning now to FIG. 4, a schematic diagram of a solidification facility 40
suitable for use in a chemical recycling facility 10 as generally shown in FIG. 1
is provided. As shown in FIG. 4, the feed stream 112 introduced into the
solidification facility 40 may originate from one or more locations within the
chemical recycling facility. In one embodiment or in combination with any of
the mentioned embodiments, the feed stream o the solidification facility 40 may
comprise at least one of (i} one or more solvolysis {or methanolysis) coproduct
streamns 110 as described previously, (i} a stream of pyrolysis oil {pyoil} 120,
and (iil) a stream of pyrolysis residue 122, Definitions for pyrolysis oil and
pyrolysis residue are provided in a subsequent section herein, and definitions
for solvolysis {or methanolysis) coproducts are provided in a previous section.

[02921In one embodiment or in combination with any of the mentioned
embodiments, one or more of these streams 110, 120, 122 may be introduced
into the solidification facility 40 continuously, and/or one or more of these
streams 110, 120, 122 may be infroduced infermittently. When multiple types
of feed streams are present, each may be introduced separately, or all, or a
portion, of the streams may be combined so that the combined stream may be
introduced into the solidification facility 40. The combining, when performed,

may {ake place in a continuous or batch (intermitlent) manner.
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{62931in one embodiment or in combination with any of the mentioned
embodiments, the feed stream 112 to the solidification facility 40 can comprise
at least 1, at least 5, at least 10, st least 15, at least 20, at least 25, at least
30, atleast 35, at least 40, at least 45, at least 50, at least 55, at least 60, at
least 65, at least 70, at least 75, at least 80, at least 85, at least 80, or at {east
95 weight percent of one or more solvolysis coproduct streams 110, based on
the total weight of the feed stream introduced into the solidification facility 40.
Additionally, or in the alternative, the feed stream to the solidification faciity 4C
can comprise not more than 98, not more than 95, not more than 90, not more
than 85, not more than 80, not more than 75, not more than 70, not more than
65, not more than 80, not more than 55, not more than 50, not more than 45,
not more than 40, not more than 35, not more than 30, not more than 25, not
more than 20, not more than 15, not more than 10, not more than 5, not more
than 2, or not more than 1 weight percent of one or more solvolysis coproduct
streams 110, based on the {otal weight of the feed stream introduced into the
sofidification facility 40, or it can include one or more solvolysis streams in an
amount in the range of from 1 to 99 weight percent, 10 to 80 weight percent, or
20 to 80 weight percent, based on the total weight of the stream.

[0294] The solvolysis coproduct stream 110 introduced into the solidification
facility 40 may have a iotal recycle content of at least 1, at least 5, at least 10,
at least 15, at least 20, at least 25, at least 30, at least 35, at least 40, at least
45, at least 50, at least 55, at least 60, at least 85, st least 70, at least 75, at
least 80, ai least 85, at least 80, or at least 95 weight percent, based on the
total weight of solvolysis coproduct stream or streams introduced info the
solidification facility 40,

{62951in one embodiment or in combination with any of the mentioned
embodiments, the feed stream 112 to the solidification facility 40 can comprise
atleast 1, at least b, at lsast 10, atleast 15, at least 20, at least 25, at least 30,
at least 35, at least 40, at least 45, at least 50, at least 55, at least 60, at least
65, af least 70, at least 75, at least 80, at least 85, at least 80, or at least 85
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weight percent of pyrolysis oif, based on the fotal weight of the feed stream
introcduced into the solidification facility 40.

{(2986] Additionally, or in the alternative, the feed stream 112 1o the solidification
facility 40 can comprise not more than 99, not more than 95, not more than 80,
not more than 85, not more than 80, not more than 75, not more than 70, not
more than 65, not more than 60, not more than 55, not more than 50, not more
than 45, nof more than 40, not more than 35, not more than 30, nof more than
25, not more than 20, not more than 15, not more than 10, not more than 5, not
more than 2, or not more than 1 weight percent of pyrolysis oll, based on the
total weight of the fesd stream 112 introduced into the solidification facility 40.
The pyrolysis oil 120 infroduced into the solidification facility 40 may have a
total recycle content of atleast 1, at least 5, at least 10, at least 15, at least 20,
at least 25, at least 30, at least 35, af least 40, at least 45, st least 50, at least
55, at least 60, at least 85, al least 70, at least 75, al least 80, af ieast 85, at
least 90, or at least 85 weight percent, based on the {otal weight of pyrolysis oil
120 introduced into the solidification facility 40.

{0287} In one embodiment or in combination with any of the mentioned
embodiments, the feed stream 112 to the solidification facility 40 can comprise
atleast 1, atleast 5, at least 10, atleast 15, atleast 20, at least 25, atleast 30,
at least 35, at least 40, at least 45, al least 50, at least 55, at least 680, at least
65, at least 70, at least 75, at least 80, at least 85, at least 90, or at least 85
weight percent of pyrolysis residue 122, based on the total weight of the feed
stream 112 introduced into the solidification facility 40.

{3298] Additionally, or in the alternative, the feed stream 112 to the solidification
facility 40 may comprise not more than 99, not more than 85, not more than 80,
not more than 85, not more than 80, not more than 75, not mors than 70, not
more than 85, not more than 80, not more than 55, not more than 50, not more
than 45, not more than 40, not more than 35, not more than 30, not more than
25, not more than 20, not more than 15, not more than 10, not more than 5, not
more than 2, or not more than 1 weight percent of pyrolysis residue 122, based

on the total weight of the feed stream introduced into the solidification facility
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4. The pyrolysis residue 122 introduced into the solidification facility 40 may
have a total recycle content of at least 1, at least 5, at least 10, at least 15, at
least 20, at least 25, at least 30, at least 35, at least 40, at least 45, at least 50,
at least 55, at least 60, at least 65, at least 70, atleast 75, at least 80, at least
85, at least 90, or at least 85 weight percent, based on the tolal weight of
pyrolysis residue 122 introduced into the solidification facility 40.

{62991in one embodiment or in combination with any of the mentioned
embodiments, the weight ralio of any one of the streams o another in the
combined feed stream 112 can be at least 1:10, at least 1.9, at least 1:8, at
least 1.7, at least 1.6, at least 1.5, atleast 1:4, atleast 1.3, atleast 1.2, at least
1:1.5, or at least 1:1 and/or not more than 10:1, not more than 81, not maore
than 8:1, not more than 7:1, not more than 6:1, not more than 5:1, not more
than 4:1, not more than 3.1, not more than 2.1, not more than 1.5, or not more
than 1:1, or it could be in the range of from 1:10 to 10:1, 1.5 0 51, or 1.3 1o
31

{63001 The solidification facility 40 generally depicted in FIG. 4 includes a
cooling zone 442 for cooling and at least partially solidifying the feed stream
112, followed by an optional size reduction zone 444, Upon leaving the cooling
zone 442, all or a portion of stream may be a solidified material. In some cases,
the solidified material can be in the form of sheeis, blocks, or chunks, or it may
be in the form of particles, pellets, micropellets, or a powder. In one or more
embaodiments when the feed stream is only partially solidified, the stream
withdrawn from the cooling zone may comprise both a solid and a liquid phase.
In one embodiment or in combination with any of the mentioned embodiments,
at least a portion of the solid phase may be removed and all or a portion of the
liquid phase may be withdrawn from the solidification facility 40 and introduced
into another facility, optionally within the chemical recycling facility (such as, for
example, the solvolysis facility 30). In some embodimsents {not shown), the
sofidification facility 40 may also include a precipitation zone for chemically
precipitating {solidifying) certain components out of a liguid stream in addition,

or alternatively, to the cooling zone 442.
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{63011 As shown in FIG. 4, the solidification facility 40 may also include a size
reduction zone 444 for reducing the size of the solid material withdrawn from
the cooling zone 442 {andfor precipitation zone, not shown) and for forming a
plurality of particles.  In one embodiment or in combination with any of the
mentioned embodiments, the size reduction steps performed in size reduction
zone 444 may include comminuting, smashing, breaking, or grinding larger
pleces or chunks of solidified material o form the patticles. In other
embodiments, at least a potion of the feed stream {o the solidification facility
40 may be at least partially cooled before being pelletized via conventional
peiletization devices utilized in the size reduction zone 444,

{06302} Regardless of how the particles are formed, the resulting solids
withdrawn from the solidification facility 40 can have an average particle size of
at least 50, at least 75, at least 100, at least 150, atl least 250, at least 350, at
least 450, at least 500, at least 750 microns, or at least (.5, atleast 1, at least
2, at least 5, or at least 10 mm and/or not more than 50, not more than 45, not
more than 40, not more than 30, not more than 35, not more than 30, not more
than 25, not more than 20, not more than 15, not more than 10, not more than
5, not maore than 2, not more than 1 mm or not more than 750, not more than
500, not more than 250, or not more than 200 microns, or it can be in the range
of from 50 to 750 microns, or 100 to 500 microns, or 150 to 250 microns, ar 0.5
to 50 mm, or 1 to 35 mm, or 5 to 25 mm.

[6303}in one embodiment or in combination with any of the mentioned
embodiments, the solids may comprise a powder. In one embodiment or in
combination with any of the mentioned embaodiments, the solids may comptise
peliets of any shape. The solids can have a recycle content of at least 1, at
least 5, at least 10, at least 15, at least 20, at least 25, at least 30, at least 35,
at least 40, at least 45, at least 50, at least 55, at least 80, at least 65, at least
70, atleast 75, at least 80, at least 85, at least 80, or at least 95 weight percent,
based on the total weight of the solids.

{33041 As shown in FIG. 4, the solids withdrawn from the solidification facility

40 may be routed to at least one of (i} a pyrolysis facility 60, (i} an energy
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generation/production facility 80, (iil) a POX gasification facility 50 and (iv) a
reuse or recycle facility 80, In one embodiment or in combination with any of
the mentioned embodiments, the solids may only be routed to one of the
facilities (i} through (iv), while, in other embodiments, the solids may be routed
to two or more, or three or more of the facilities {i) through {(iv).

{33058]When routed o one or more downstream facilities, the solids in line 114
may be transporied or introduced o the facilities as a solid {(e.g., powder or
pellets), or may be combined with a lquid stream {(not shown) {o form a slurry.
Examples of suitable fiquids can include, but are not limited to, water, alcohols,
and combinations thereof. In one embodiment or in combination with any of
the mentioned embodiments, at least a portion of the solids can be heated to
at least partially melt the solids and the resulting melt can be introduced into
one or more of facilities described above. Optionally, at least a portion of the

solids may be sent to an industrial landfill (not shown).

Pyrolysis Facility

{0308} As shown in FIG. 1, In one embodiment or in combination with any of the
mentioned embodiments, the chemical recycling facility 10 may comprise a
pyrolysis facility 60. As used herein the term “pyrolysis” refers to the thermal
decomposition of one or more organic materials at elevated temperatures in an
inert {ie., substantially oxygen free) atmosphere. A “pyrolysis facility” is a
facility that includes all equipment, lines, and controls necessary to carry out
pyrolysis of waste plastic and feedsiocks derived therefrom.

{8307 Turning now to FIG. 5, a schematic diagram of a pyrolysis facility 60
suitable for use in a chemical recycling facility according to one or more
embodiments of the present technology is provided. As shown in Fi3. 5, a feed
stream 116 may be introduced into the inlet of a pyrolysis facility 60, wherein it
may be thermally decomposed at elevated temperatures in an inert
environment. in one embodiment or in combination with any of the mentioned
embodiments, a feed stream 116 to the pyrolysis facility 80 may comprise at

least one of (i} at least one solvolysis coproduct stream 110 as described
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previously, (i} a PC-enriched stream of waste plastic 104, and (#i) particles
andfor melt from a solidification facility 40.

{0308} One or more of these streams may be introduced into the pyrolysis
facility 60 continuously or ong or more of these streams may be introduced
infermittently. When multiple types of feed sireams are present, each may be
introduced separately, or all or a portion of the streams may be combined so
that the combined stream may be introduced into the pyrolysis facility 60. The
combining, when performed, may take place in a continuous or batch manner.
{0309}in one embodiment or in combination with any of the mentioned
embodiments, the fesd sitream {o the pyrolysis facility 60 can comprise at least
1, atleast §, at least 10, at least 15, at least 20, at least 25, at least 30, at least
35, at least 40, at legst 45, at least 50, at least 55, st least 60, at least 65, at
least 70, at least 75, at least 80, at least 85, at least 90, or at least 85 weight
percent of at least one solvolysis coproduct stream 110, based on the total
weight of the feed stream 1186 introduced inic the pyrolysis facility 60.
Additionally, or in the alternative, the feed stream 116 to the pyrolysis facility 60
can comprise not more than 85, not more than 80, not more than 85, not more
than 80, not more than 75, not more than 70, not more than 65, not more than
60, not more than 55, not more than S0, not more than 45, not more than 40,
not more than 35, not more than 30, not more than 25, not more than 20, not
more than 15, not more than 10, not more than 5, not more than 2, or not more
than 1 weight percent of at least one sobvolysis coproduct stream 110, based
on the total weight of the feed stream 116 introduced into the pyrolysis facility
80, or it can be in the range of from 1 o 98 weight percent, 10 to 80 weight
percent, 20 to 80 weight percent, or 25 to 75 weight percent, based on the total
weight of the stream.

{63101 The at least one solvolysis coproduct stream 110 introduced into the
pyrolysis facility 60 may have a total recycle content of atleast 1, atleast 5, at
least 10, atleast 15, at least 20, at least 25, at least 30, at least 35, at least 40,
at least 45, at least 50, at least 55, al least 80, at least 65, at least 70, at least

75, at least 80, at least 85, at least 80, or at least 95 weight percent, based on
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the total weight of solvolysis coproduct stream or streams infroduced into the
pyrolysis facility 80 and/or based on the {otal weight of the feed stream 116.
{33111 In one embodiment or in combination with any of the mentioned
embodiments, the fead stream 116 to the pyrolysis facility 60 can comprise at
least 1, at least 5, at least 10, at least 15, at least 20, st least 25, at least 30, at
least 35, atleast 44, at least 45, at least 50, at least 55, at least 80, at least 85,
atleast 70, at least 75, at least 80, at least 85, at least 90, or al least 85 weight
percent of PO-enriched wasie plastic, based on the total weight of the feed
stream 116 introduced into the pyrolysis facility 60,  Additionally, or in the
alternative, the feed stream 116 fo the pyrolysis facility 60 may comprise not
more than 95, not more than 80, not more than 85, not more than 80, not more
than 75, not more than 70, not more than 65, not more than 69, not more than
55, not more than 50, not more than 45, not more than 40, not more than 35,
notf more than 30, not more than 25, not more than 20, not more than 15, not
more than 10, not more than 5, not more than 2, or not more than 1 weight
percent of PO-enriched waste plastic, based on the total weight of the feed
stream 116 introduced into the pyrolysis facility 60, or it can include an amount
in the range of from 1 to 95 weight percent, 5 to 85 weight percent, or 1010 75
weight percent, based on the total weight of the feed stream.

[(3312] The PO-enriched waste plastic introduced info the pyrolysis facility 60
may have a fotal recycle content of at least 1, atieast 5, atleast 10, atleast 15,
at least 20, at least 25, at least 30, at least 35, at least 40, at least 45, at least
50, at least 55, at least 60, at least 65, at least 70, al least 75, at least 80, at
least 85, at least 80, or at least 95 weight percent, based on the total weight of
PO-enriched wasle plastic 104 introduced into the pyrolysis facility 60. The PO-
enriched plastic stream 104 may originate from the pre-processing facility 20
as shown in FIG. 1 and/or from ancther source of PO-enriched waste plastic
{not shown). The stream may be in the form of a plastic meli, or in the form of
particulates, or it may comprise a slurry.

{3313} In one embodiment or in combination with any of the mentioned

embadiments, the feed stream 116 to the pyrolysis facility 60 can comprise at
102



10

15

20

25

30

WO 2021/163104 PCT/US2021/017342

least 1, at least b, at least 10, at least 15, at least 20, at least 25, at least 30, at
least 35, atleast 40, at least 45, at least B0, at least 55, at least 60, af least 65,
atleast 70, at least 75, at least 80, at least 85, atleast 80, or at least 85 weight
percent of a solid-containing stream 114 {e.g., particies, a slurry, and/or a melt)
from a solidification facility 40, based on the total weight of the feed stream 116
introduced into the pyrolysis facility 80.

{6314] Additionally, or in the alternative, the feed stream 116 {o the pyrolysis
facility 60 may comprise not more than 95, not more than 80, not more than 85,
not more than 80, not more than 75, not more than 70, not more than 65, not
more than 80, not more than 55, not more than 5C, not more than 45, not more
than 40, not more than 35, not more than 30, not more than 25, not more than
20, not more than 18, not more than 10, not more than 5, not more than 2, or
not more than 1 weight percent of a solid-containing stream 114 from a
solidification faciiity 40, based on the total weight of the feed stream 116
infroduced into the pyrolysis facility 60.

{6315] The PO-enriched waste plastic stream 104 introduced into the pyrolysis
facility 60 may have a iotal recycle content of at least 1, at least 5, at least 10,
at least 15, at least 20, at least 25, at least 30, at least 35, at least 40, at least
45, at least 50, at least 55, at least 60, at least 65, at least 70, at least 75, at
least 80, at least 85, at least 80, or at least 95 weight percent, based on the
total weight of the solid-containing stream 114 (e.g., particles, slurry, and/or
melt} from a solidification facility 40 introduced into pyrolysis facility 60. The
solid-containing stream may be in the form of particles, a slurry, or a melt and
may originate from the solidification facility 40 as shown in FIG. 1 and/or from
another source {not shown). In one embodiment or in combination with any of
the mentioned embaodiments, the particles may be present in a liguid so that the
feed is in the form of a slurry.

{33181 As shown in FiG. 5, In one embodiment or in combination with any of the
mentioned embodiments, a stream of PO-enriched waste plastic 104 can be
combined with one or more of the other streams including, for example, a

copraduct stream 110 from a sobvolysis facility 30, a solids-containing stream
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114 from a solidification facility 40 to form a combined pyrolysis feed stream
116. The combined stream 116 may include at least 5, at least 10, at least 15,
at least 20, at least 25, at least 30, at least 35, at least 40, st least 45, at least
50, at least 55, at least 60, atleast 65, atleast 70, atleast 75, at least 80 weight
percent and/or not more than 89, not more than80, not more than 95, not more
than 90, not more than 85, not more than 80, not more than 75, not more than
70, not more than 65, not more than 60, nof more than 55, nof more than 50,
not more than 45, or not more than 40 weight percent of PO or the PO-enriched
stream 104, based on the total weight of the combined stream 116, or it can
include an amount in the range of from 5 {o 85 weight percent, 10 to 80 weight
percent, 20 to 80 weight percent, or 25 to 75 weight percent, based on the total
weight of the stream.

{03171 Additionally, or in the aliemnatively, the combined stream of PO-enriched
waste plastic and at least one other process stream from a portion of the
chemical recycling facility 10 can comprises at least 1, al least 2, atleast B, at
least 10, at least 15, at least 20, at least 25, at least 30 weight percent and/or
not more than 50, not more than 45, not more than 40, not more than 35, not
more than 30, not more than 25, not more than 20, not more than 15, not more
than 10, not more than 5, not more than 2, not more than 1 weight percent of
components cthar than polyolefin, based on the total weight of the feed siream
1186.

[6318}in one embodiment or in combination with any of the mentioned
embodiments, the weight ralic of any one of the streams 104, 110, 114 (o
another in the combined stream can be at least 1:10, at least 1:9, at least 1:8,
at least 1.7, at least 1:6, at least 1:5, at least 1:4, af least 1.3, at least 1:2, at
least 1:1.5, or at least 1:1 and/or not more than 10:1, not more than 91, not
more than 8:1, not more than 7:1, not more than 8:1, not more than 5:1, not
more than 4:1, not more than 3:1, not more than 2:1, not more than 1.5:1, or
not more than 1:1, or an amount in the range of from 1:10 10 101, 1:81t0 51, or
1:3 10 3:1.
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{0318]As gensrally depicted in FIG. 5, the pyrolysis facility 60 includes a
pyrolysis reactor 542 and a separation zone 544 for separating the product
streams from the reactor effiuent stream 117. While in the pyrolysis reactor, at
least a portion of the feed may be subjected to a pyrolysis reaction that
produces a pyrolysis effluent stream 117 comprising pyrolysis oil, pyrolysis gas,
and pyrolysis residug. As used herein, the term “pyrolysis gas” refers {o &
compaosition obtained from pyrolysis that is gaseous at 25°C. As used herein,
the term "pyrolysis off” or "pyoil” refers to a composition obtained from pyrolysis
that is liguid at 25°C and 1 atm. As used herein, the term “pyrolysis residusg”
refers 1o a composition obiained from pyrolysis that is not pyrolysis gas or
pyrolysis ofl and that comprises predominantly pyrolysis c¢har and pyrolysis
heavy waxes. As used herein, the term “pyrolysis char” refers 1o a carbon-
containing composition obtained from pyrolysis that is solid at 200°C and 1 atm.
As used herein, the term “pyrolysis heavy waxes,” refers to C20+ hydrocarbons
obiained from pyrolysis that are not pyrolysis char, pyrolysis gas, or pyrolysis
oil.

{0320] Generally, pyrolysis is a process that involves the chemical and thermal
decomposition of the introduced feed. Although all pyrolysis processes may be
generally characterized by a reaction environment that is substantially free of
oxygen, pyrolysis processes may be further defined, for example, by the
pyrolysis reaction temperature within the reactor, the residence time in the
pyrolysis reactor, the reactor type, the pressure within the pyrolysis reactor, and
the presence or absence of pyrolysis catalysts.

{63211in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis reactor 542 can be, for example, a screw exiruder,
a tubular reactor, a tank, a stirred tank reactor, a riser reactor, a fixed bed
reactor, a fluidized bed reactor, a rotary kiln, a vacuum reactor, a microwave
reactor, or an autoclave. The pyrolvsis reactor 542 can include a single reaction
vessels, or two or more reaction vessels, of the same or different types,

arranged in series or paraliel.
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{63221in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis reaction can involve healing and converting the
feedstock in an atmosphere that is substantially free of oxygen or in an
atmosphere that contains less oxygen relative to ambient air. For example, the
atmosphere within the pyrolysis reactor 542 may comprise not more than 5, not
more than 4, not more than 3, not more than 2, not more than 1, or not more
than 0.5 volume percent of oxygen gas, based on the interior volume of the
reactor.

{0323}in one embodiment or in combination with any of the mentioned
embodiments, the feed stream 116 introduced into the pyrolysis reactor 542
may include a lift gas stream andfor a feed gas stream 115, which may be used
to introduce the feedsiock or feed stream 116 into the pyrolysis reactor 542
and/or facilitate various reactions within the pyrolysis reactor 542. Forinstance,
the lift gas and/or the feed gas 115 may comprise, consist essentially of, or
consist of nitrogen, carbon dioxide, and/or steam. The lift gas and/or feed gas
may be added with the waste plastic or combined feed stream 116 prior to
introduction into the pyrolysis reacior 542 and/or may be added directly to the
pyrolysis reactor 542.

{8324]in one embodiment or in combination with any of the mentioned
embodiments, pyrolysis may be carried out in the presence of a lift gas and/or
a feed gas comprising, consisting essentially of, or consisting of steam. For
example, pyrolysis may be carried out in the presence of a feed gas and/or lift
gas comprising at least 5, af least 10, at least 15, at least 20, at least 25, at
least 30, atleast 35, at least 40, atleast 45, at least 50, at least 55, at least 80,
af least 85, at least 70, at least 75, af least 80, at least 85, at least 890, af least
g5, or at least 899 weight percent of steam, based on the total weight of the lift
gas.

{3325] Additionally, or alternatively, in one embodiment or in combination with
any of the mentioned embodiments, pyrolysis is carried out in the presence of
a feed gas and/or a lift gas comprising not more than 99, not more than 80, not

more than 80, not more than 70, not more than 80, not more than 50, not more
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than 40, not more than 30, or not mors than 20 weight percent of steam, based
on the total weight of the [ift gas. Although not wishing to be bound by theory,
it is believed that the presence of steam in the pyrolysis reactor 542 can
facilitate the water-gas shift reaction, which can facilitate the removal of any
halogen compounds that may be produced during the pyrolysis reaction. The
steam may be added with the waste plastic or waste-plastic derived feed stream
116 prior to introduction into the pyrolysis reactor 542 andfor may be added
directly {0 the pyrolysis reactor 542,

{3326] Additionally or alternatively, in one embodiment or in combination with
any of the mentioned embodiments, pyrolysis may be caried out in the
presence of a lit gas and/or a feed gas comprising, consisting essentially of, or
consisting of a reducing gas, such as hydrogen, carbon monoxide, or a
combination thereof. The reducing gas may function as a feed gas and/or a lift
gas and may facilitate the introduction of the feed into the pyrolysis reactor.
The reducing gas may be added with the waste plastic or waste-plastic derived
feed stream 116 prior to introduction into the pyrolysis reactor 542 and/or may
be added directly 1o the pyrolysis reactor 542,

{03271 In one embodiment or in combination with any of the mentioned
embodiments, pyrolysis may be carried out in the presence of a feed gas andfor
lift gas comprising at least &, at least 10, at least 15, atleast 20, atleast 25, at
least 30, at least 35, at least 40, atleast 45, at least 50, at least 55, at least 60,
at least 85, at least 70, at least 75, at least 80, at least 85, at least 90, at least
95, or at least 99 weight percent of at least one reducing gas. Additionally or
alternatively, in one embodiment or in combination with any of the mentioned
embodiments, pyrolysis is carried out in the presence of a feed gas andfor a lift
gas comprising not more than 88, not more than 80, not more than 80, not more
than 70, not more than 60, not more than 50, not more than 40, not more than
30, or not more than 20 weight percent of at least one reducing gas, or it can
be present in an amount in the range of rom 510 99, 15t0 90, or 20 to 75

weight percent, based on the total weight of the stream.
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{6328]in one embodiment or in combination with any of the mentioned
embodiments, pyrolysis may be carried out in the presence of a feed gas and/or
lift gas 115 comprising at least 5, at least 10, at least 15, at least 20, at least
25, at least 30, af least 35, at least 40, at least 45, at least 50, at least 85, at
least 80, at least 65, al least 70, al least 75, at least 80, at least 85, at least 60,
at least 85, or at least 99 weight percent of hydrogen. Additionally, or
alternatively, in one embodiment or in combination with any of the mentioned
embodiments, pyrolysis is carried out in the presence of a feed gas andfor a fift
gas comprising not more than 99, not more than 90, not more than 80, not more
than 70, not more than 60, not more than 50, not more than 40, not more than
30, or not more than 20 weight percent of hydrogen, or #t can be present in an
amount in the range of from 5 to 70 weight percent, 10 to 80 weight percent, or
15 1o 50 weight percent, based on the total weight of the stream.

{0328}In one embodiment or in combination with any of the mentioned
embodiments, pyrolysis may be carried outin the presence of a feed gas andfor
lift gas comprising at least 5, at least 10, at least 15, at least 20, at least 25, at
least 30, at least 35, at least 40, atleast 45, at least 50, at least &5, at least 60,
at least 65, at least 70, at least 75, at least 80, at least 85, at least 90, at least
95, or at least 99 weight percent of carbon monoxide. Additionally or
alternatively, in one embodiment or in combination with any of the mentioned
embodiments, pyrolysis is carried out in the presence of a feed gas and/or a lift
gas comprising not more than 82, not more than 90, not more than 80, not more
than 70, not more than 60, not more than 50, not more than 40, not more than
30, or not more than 20 weight percent of carbon monoxide, or it can be present
in an amount in the range of from 5 to 70 weight percent, 10 to 60 weight
percent, or 15 to 50 weight percent, based on the {otal weight of the stream.
{6330] Furthermore, the temperature in the pyrolysis reactor can be adjusted so
as to facilitate the production of certain end products. in one embodiment or in
combination with any of the mentioned embodiments, the pyrolysis temperature
in the pyrolysis reactor can be af least 325°C, at least 350°C, atleast 375°C, at

least 400°C, at least 425°C, at least 450°C, at least 475°C, at least 800°C, at
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least 525°C, at least 550°C, at least 575°C, at least 600°C, at least 625°C, at
least 850°C, at least 675°C, at least 700°C, at least 725°C, at least 750°C, at
least 775°C, or at least 800°C.

{03311 Additionally or alternatively, in one embodiment or in combination with
any of the mentioned embodiments, the pyrolysis femperature in the pyrolysis
reactor can be not more than 1,100°C, not more than 1,050°C, not more than
1,000°C, not more than 850°C, not more than 900°C, not more than 850°C, not
more than 800°C, not more than 750°C, not more than 700°C, not more than
650°C, not more than 800°C, not more than 550°C, not more than 525°C, not
more than 500°C, not more than 475°C, not more than 450°C, not more than
425°C, or not more than 400°C.

{06332} More particularly, In one embodiment or in combination with any of the
mentioned embodiments, the pyrolysis temperature in the pyrolysis reactor can
range from 325 to 1,100°C, 350 to 800°C, 350 to 700°C, 350 to 550°C, 350 to
475°C, 425 o 1,100°C, 425 to 800°C, 500 to 1,100°C, 500 to 800°C, 600 fo
1,100°C, 600 to 800°C, 650 to 1,000°C, or 650 to 800°C.

{6333} In one embodiment or in combination with any of the mentioned
embodiments, the residence times of the fesdstocks within the pyrolysis reactor
can be atleast 0.1, atleast 0.2, at least 0.3, atleast 0.5, atleast 1, atleast 1.2,
at least 1.3, at least 2, at least 3, or at least 4 seconds. Allernatively, in one
embodiment or in combination with any of the mentioned embodiments, the
residence times of the feedstocks within the pyrolysis reactor can be at least 1,
at least 2, at least 3, at least 4, at least 5, at least 6, atleast 7, at least 8§, at
least 9, at least 10, at least 20, at least 30, at least 45, af least 60, at least 75,
or at least 90 minutes. Additionally, or alternatively, in one embodiment or in
combination with any of the mentioned embaodiments, the residence times of
the feedstocks within the pyrolysis reactor can be not more than 86, not more
than 5, not mors than 4, not more than 3, not more than 2 hours, not more than
90 minutes, not more than 60 minutes, not more than 45 minutes, or not more
than 30 minutes, not more than 15 minutes, or not more than 45, not more than

30, not more than 25, or not more than 20 seconds, or it can be in the range of
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from about 0.1 to 45 seconds, 0.5 to 30 seconds, or 110 20 seconds, or 1 to 90
minutes, 5 o 45 minutes, or 7 to 15 minutes.

{3334] Furthermore, in one embodiment or in combination with any of the
mentioned embodiments, the residence times of the feedstocks within the
pyrolysis reactor can be not more than 100, not more than 90, not more than
80, not more than 70, not more than 80, not mare than 50, not more than 40,
not more than 30, not more than 20, not more than 10, not more than 8, not
more than 8, not more than 7, not more than 6, not more than 5, not more than
4, not more than 3, not more than 2, or not more than 1 seconds. More
particularly, in one embodiment or in combination with any of the mentioned
embodiments, the residence times of the feedstocks within the pyrolysis reactor
can range from 0.1 to 10 seconds, 0.5 to 10 seconds, 30 minutes to 4 hours, or
30 minutes to 3 hours, or 1 hour to 3 hours, or 1 hour to 2 hours.

{0338}in one embodiment or in combination with any of the mentioned
embodiments, the pressure within the pyrolysis reactor can be maintained at a
pressure of at least 0.1, at least 0.2, at least or 0.3 bar and/or not more than
60, not more than 50, not more than 40, not more than 30, not more than 20,
not more than 10, not more than 8, not more than 5, not more than 2, not more
than 1.5, or not more than 1.1 bar. As used herein, the term “bar” refers to
gauge pressure, unless otherwise noted, In one embodiment or in combination
with any of the mentioned embodiments, the pressure within the pyrolysis
reactor can be at least about 10, at least 20, at least 30, at least 40, at least 50,
at least 60, or at least 70 bar and/or not more than 1008, not mors than 85, not
more than 90, not more than 85, not more than 80, not more than 75, not more
than 70, not more than 65, or not more than 80 bar, or if can be in the range of
from 10 to 100 bar, 20 to 80 bar, or 30 0 75 bar.

{8338]in one embodiment or in combination with any of the mentioned
embodiments, the pressure within the pyrolysis reactor can be maintained at
atmospheric pressure or within the range of 0.1 to 100 bar, or 0.1 o 60 bar, or
01030 bar,or8.1io 10 bar, or 1.5 bar, 0.2to 1.5 bar, or 0.310 1.1 bar.
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{6337]in one embodiment or in combination with any of the mentioned
embodiments, a pyrolysis catalyst may be introduced into the feedstock prior o
introduction into the pyrolysis reactor 542 and/or introduced directly into the
pyrofysis reactor 542, Furthermors, In one embaodiment or in combination with
any of the mentioned embodiments, the catalyst can comprise: (i) a solid acid,
such as a zeolite (e.g., ZSM-5, Mordenite, Beta, Ferrierite, and/or zeolite-Y}; (i)
a super acid, such as sulfonated, phosphated, or fluorinated forms of zirconia,
titania, alumina, silica-alumina, and/or clays; (lii) a solid base, such as metal
oxides, mixed metal oxides, metal hydroxides, andfor metal carbonates,
particularly those of alkali metals, alkaline earth metals, transition metais,
and/or rare earth metals; (iv) hydrotalcite and other clays; (v} a metal hydride,
particularly those of alkali metals, alkaline earth meials, transition metals,
and/or rare earth metals; {(vi) an alumina and/or a silica-alumina; {(vit} a
homogeneous catalyst, such as a Lewis acid, a metal tetrachlorocaluminale, or
an organic ionic liquid; {(vill) activated carbon; or (ix) combinations thereof.
{06338}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis catalyst can comprise a homogeneous catalyst or
a heterogeneous catalyst.

{8338]in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis catalyst can comprise a mesostructured catalyst,
such as MCM-41, FSM-16, Al-SBA-15, or combinations thereof.

{0340} in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis catalyst can comprise a silica-alumina, an aluminag,
a mordenite, a zeolite, a microporous catalyst, a macroporous catalyst, or a
combination thereof,

{6341}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis reaction in the pyrolysis reactor occurs in the
substantial absence of g catalyst. In such embodiments, a non-catalytic, heat-
retaining inert additive may still be introduced into the pyrolysis reactor, such
as sand, in order 1o facilitate the heat transfer within the reactor. Such catalyst-

free pyrolysis processes may be referred to as “thermal pyrolysis.”
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{63421in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis reaction in the pyrolysis reactor 542 may occur in
the substantial absence of a pyrolysis catalyst, at a temperature in the range of
350 fo 550°C, at a pressure ranging from 0.1 to 100 bar, and at a residence
time of 0.2 seconds io 4 hours, or 8.5 hours to 3 hours.

{0343}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis effluent 117 withdrawn from the reactor 542 may
comprise at least 1, at least §, at least 10, at least 1§, at least 20, at least 25,
at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, at least
60, at least 65, at least 70, or at least 75 weight percent of the pyrolysis oil,
which may be in the form of vapors in the pyrolysis effluent 117 upon exiting
the heated reactor 542. Such vapors may be subsequently condensed into the
resulting pyrolysis ofl.

{0344] Additionally or alternatively, in one embodiment or in combination with
any of the mentioned embodiments, the pyrolysis efffuent 117 may comprise
not more than 99, not more than 95, not more than 80, not more than 85, not
more than 80, not more than 75, not more than 70, not more than 65, not more
than 60, not more than 55, not more than 50, not more than 45, not more than
44, not more than 35, not more than 30, or not more than 25 weight percent of
the pyrolysis oil, which may be in the form of vapors in the pyrolysis effluent
upon exiting the heated reactor. In one embodiment or in combination with any
of the mentioned embodiments, the pyrolysis effluent may comprise in the
range of 20 to 99 weight percent, 25 to 80 weight percent, 30 1o 85 weight
percent, 30 to 80 weight percent, 30 to 75 weight percent, 30 to 70 weight
percent, or 30 to 65 weight percent of the pyrolysis oil.

{3345}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis effluent 117 may comprise at least 1, at least §, at
least 10, at least 15, at least 20, at least 25, at least 30, at least 35, at least 40,
at least 45, at least 50, at least 55, at least 60, al least 65, at least 70, at least
75, or at least 80 weight percent of the pyrolysis gas. Additionally, or

alternatively, in one embodiment or in combination with any of the mentioned
112



10

15

20

25

30

WO 2021/163104 PCT/US2021/017342

embodiments, the pyrolysis sffluent 117 may compriss not more than 99, not
more than 95, not more than 90, not more than 85, not more than 80, not more
than 75, not more than 70, not more than 65, not more than 60, not more than
55, not more than 50, or not more than 45 weight percent of the pyrolysis gas.
{03481 In one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis effluent 117 may comprise 1 to 80, 10 to 85 weight
percent, 15 to 85 weight percent, 20 to 80 weight percent, 25 to 80 weight
percent, 30 to 75 weight percent, or 35 to 75 weight percent of the pyrolysis
gas.

{03471In one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis effluent 117 may comprise at least 0.5, at least 1,
at least 2, at least 3, st least 4, at least 5, at least 6, at least 7, at least §, at
least 9, or at least 10 weight percent of the pyrolysis residue. Additionally, or
alternatively, in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis efffuent 117 may comprise not more than 60, not
more than 50, not more than 40, not more than 30, not more than 25, not more
than 20, not more than 15, not more than 10, not more than 9, not more than §,
not more than 7, not more than 6, or not more than 5 weight percent of the
pyrolysis residue. In one embodiment or in combination with any of the
mentioned embodiments, the pyrolysis effluent 117 may comprise in the range
of 0.1 to 25 weight percent, 1 to 15 weight percent, 1 to 8 weight percent, or 1
to b weight percent of the pyrolysis residus.

{0348]In one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis effluent 117 may comprise not more than 15, not
more than 14, not more than 13, not more than 12, not more than 11, not more
than 10, not more than 9, not more than 8, not more than 7, not more than 8,
not more than 5, not more than 4, not more than 3, not more than 2, not more
than 1, or not mors than 0.5 weight percent of free water. As used herein, “free
water” refers to water previously added to the pyrolysis unit 60 and water

generaled in the pyrolysis unit 60,
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{0348} The pyrolysis facility 60 described herein may produce a siream of
pyrolysis ol 120, a stream of pyrolysis gas 118, and a stream of pyrolysis
residue 122 that may be directly used in various downstream facilities and/for
applications based on thelr formulations. The various characteristics and
properiies of the pyrolysis oil, pyrolysis gas, and pyrolysis residue are described
below. [t should be noted that, while all of the following characteristics and
properties may be listed separately, it is envisioned that each of the following
characteristics and/or properties of the pyrolysis gas, pyrolysis oil, andfor
pyrolysis residue are not mutually exclusive and may be combined and present
in any combination.

{6350} in one embodiment or In combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 may predominantly comprise
hydrocarbons having from 4 to 30 carbon atoms per moleculs {e.g., C4 1o C30
hydrocarbons). As used herein, the term “Cx" or “Cx hydrocarbon,” refers (o a
hydrocarbon compound including “x” total carbons per moleculs, and
encompasses all olefins, paraffins, aromatics, heterocyclic, and isomers having
that number of carbon atoms. For example, each of normal, and isobutane, as
well as butenes and butadiene molecules would fall under the general
description "C4.

f33511In one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 may have a C4-C30 hydrocarbon
content of at least 55, at least 60, at least 85, at least 70, at least 75, at least
80, at least 85, at least 890, or at least 95 weight percent based on the fotal
weight of the pyrolysis ol stream 120.

{6352}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 can predominantly comprise C5 to
C25 hydrocarbons, C8 to C22 hydrocarbons, or CF to G20 hydrocarbons. For
example, In one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oll stream 120 may comprise at least 55, at least
60, at least 65, atleast 70, at least 75, at least 80, st least 85, at least 90, or at

least 85 weight percent of C5 to C25 hydrocarbons, C5 to C22 hydrocarbons,
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or C5 to C20 hydrocarbons, based on the total weight of the pyrolysis oil stream
120.

{33531 In one esmbodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 may have a C5-C12 hydrocarbon
comtent of at least 5, atleast 10, at least 15, at least 20, st least 25, at least 30,
at least 35, at least 40, at least 45, at least 50, or at least 55 weight percent
based on the tolal weight of the pyrolysis oil stream 120, Additionally or
aliernatively, in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis ol stream 120 may have a C5-C12 hydrocarbon
content of not more than 85, not more than 80, not more than 85, not more than
80, not more than 75, not more than 70, not more than 65, not more than 60,
not more than 55, or not more than 50 weight percent. In one embodiment or
in combination with any of the mentioned smbodiments, the pyrolysis oil stream
120 may have g C5-C12 hydrocarbon content in the range of 10 to 95 weight
percent, 20 to 80 weight percent, or 35 to 80 weight percent.

{635841in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis ol stream 120 may have a C13-C23 hydrocarbon
content of at least 1, at least 5, at least 10, at least 15, at least 20, at least 25,
or at least 30 weight percent based on the total weight of the pyrolysis oil stream
120. Additionally, or alternatively, in one embodiment or in combination with
any of the mentioned embodiments, the pyrolysis ol stream 120 may have a
C13-C23 hydrocarbon content of not more than 80, not more than 75, not more
than 70, not more than 65, not more than 60, not more than 55, not more than
50, not more than 45, or not more than 40 weight percent. In one embodiment
of in combination with any of the mentioned embodiments, the pyrolysis ol
stream 120 may have a C13-C23 hydrocarbon content in the range of 1 to 80
weight percent, & to 85 weight percent, or 10 to 60 weight percent.

{0355}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 may have a C24+ hydrocarbon
content of at least 1, at least 2, at least 3, al least 4, or at least 5 and/or not

more than 15, not more than 10, not more than 9, not more than 8, not more
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than 7, or not more than 6 weight percent based on weight of the pyrolysis oil.
In one embodiment or in combination with any of the mentioned embodiments,
the pyrolysis oil stream 120 may have a C24+ hydrocarbon content in the range
of 1 to 15 weight percent, 3 to 15 weight percent, or & to 10 weight percent.
{03561 In one embodiment or in combination with any of the mentioned
embodiments, the two aliphatic hydrocarbons {(branched or unbranched
alkanes and alkenes, and alicyclics} having the highest concentration in the
pyrolysis oil stream 120 are in a range of C5-C18§, C5-C18, C5-C14, C5-C10,
or C5-C8, inclusive.

{03571In one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 may also include various amounts
of olefins and aromatics. In one embodiment or in combination with any of the
mentioned embodiments, the pyrolysis ol stream 120 comprises at least 1, at
least 5, at least 10, at least 15, at least 20, at least 25, at least 30, at least 35,
or at least 40 weight percent of olefins and/or aromatics basad on the {otal
weight of the pyrolysis oil. Additionally, or alternatively, in one embodiment or
in combination with any of the mentioned embodiments, the pyrolysis oil stream
120 may include not more than 80, not more than 80, not more than 70, not
more than 60, not more than 50, not more than 45, not more than 40, not more
than 35, not more than 30, not more than 25, not more than 20, not more than
15, not more than 10, not more than 5, or not more than 1 weight percent of
olefins and/or aromatics.

[0358]In one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis ¢il stream 120 may also include various amounts
of olefins. In one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 comprises at least 1, at least 5, at
least 10, atleast 15, al least 20, atleast 25, atleast 30, at least 35, atleast 40,
at least 45, at least 50, at lsast 55, at least 60, or at least 65 weight percent of
olefins based on the {otal weight of the pyrolysis ofl stream 120. Additionally or
alternatively, in one embodiment or in combination with any of the mentioned

embodiments, the pyrolysis cil stream 120 may include not more than 90, not
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more than 80, not more than 70, not more than 60, not more than 50, not more
than 45, not more than 40, not more than 35, not more than 30, not more than
25, not more than 20, not more than 15, not more than 10, not more than 5, or
not more than 1 weight percent of olefins, or olefins may be present in an
amount in the range of from 1 to 80 weight percent, & to 80 weight percent, or
15 to 70 weight percent, based on the total weight of the stream.

{63591in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 may have an aromatic content of not
more than 25, not more than 20, not more than 15, not more than 10, not more
than 8, not mors than 8, not more than 7, not more than 8, not more than 5, not
more than 4, not more than 3, not more than 2, or not more than 1 weight
percent based on the total weight of the pyrolysis oil stream 120, As used
herein, the term “asromatics” refers to the total amount {in weight) of any
compounds containing an aromatic moiety, such as benzene, toluene, xylene,
and styrene,

{03808} in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil sirgam 120 may have a naphthene {e.g., cyclic
aliphatic hydrocarbons) content of atleast 1, atleast 2, at least 3, at least 4, at
least 5, at least 6, at least 7, at least 8, af least 9, at least 10, at least 11, at
least 12, at least 13, at least 14, or at least 15 and/or not more than 50, not
more than 45, not more than 40, not more than 35, not more than 30, not more
than 25, or not more than 20 weight percent based on the total weight of the
pyrolysis oil stream 120, or an amount in the range of from 1 to 50 weight
percent, 2 to 40 weight percent, or 5 to 25 weight percent, based on the total
weight of the stream.

{6381}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis olf stream 120 may have a paraffin {e.g., linsar or
branch alkanes) content of at least 5, atleast 10, atleast 15, at least 20, at least
25, at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, at
least 80, or at least 65 weight percent based on the iotal weight of the pyrolysis

oil stream 120. Additionally, or alternatively, in one embodiment or in
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combination with any of the mentioned embodiments, the pyrolysis oil stream
120 may have a paraffin content of not more than 99, not more than 97, not
more than 85, not more than 93, not more than 80, not more than 85, not more
than 80, not more than 75, not more than 70, not more than 65, not more than
60, not more than 55, not more than 50, not more than 45, not more than 40,
not more than 35, or not more than 30 weight percent. In one embodiment or
in combination with any of the mentioned embodiments, the pyrolysis oil siream
120 may have a paraffin content in the range of 25 to 90 weight percent, 35 to
80 weight percent, or 50 to 80 weight percent, based on the total weight of the
stream.

{6382} in one embodiment or In combination with any of the mentioned
embodiments, the weight ratio of paraffin {0 naphthene can be at least 111, at
least 1.5:1, st least 2:1, atleast 2.2:1, atleast 2.5:1, atleast 2.7:1, atleast 3:1,
atleast 3.3:1, atleast 3.5:1, atleast 3.75:1, at least 4:1, atleast 4.25:1, at least
4 51, atleast 4.75:1, atleast 5.1, atlsast 6.1, atleast 7.1, at least 8.1, at least
8:1, atleast 10:1, atleast 13:1, atleast 15:1, or at least 17:1 based on the {otal
weight of the pyrolysis oil.

{03631 In one embodiment or in combination with any of the mentioned
embodiments, the weight ratio of paraffin and naphthene combined to
aromatics can be at least 1:1, at least 1.5:1, at least 2:1, at least 2.5:1, at least
2.7:1, at least 3:1, at least 3.3:1, at least 3.5:1, atleast 3.75:1, at least 4:1, at
least 4.5:1, atleast 5:1, atleast 7.1, atleast 10:1, at least 15:1, at least 20:1, at
least 25:1, ai least 30:1, at least 35:1, or at least 40:1 based on the total weight
of the pyrolysis oil stream 120,

{6384} in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 may have a combined paraffin and
olefin content of at least 5, at least 10, at least 15, at least 20, af least 25, at
least 30, at least 35, at least 40, or at least 45 and/or not more than 99, not
more than 90, not more than 85, not more than 80, not more than 75, or not
more than 70 weight percent based on the total weight of the pyrolysis oil

stream 120. In one embodiment or in combination with any of the mentioned
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embodiments, the pyrolysis oil stream 120 may have a combined paraffin and
olefin content in the range of 25 to 80 weight percent, 35 to 80 weight percent,
or 50 to 80 weight percent, based on the total weight of the stream.

{0365]in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis ol stream 120 can include oxygenated compounds
or polymers in amount of at least 0.01, at least 0.1, at least 1, atlsast 2, or at
least 5 and/or not more than 20, not more than 15, not more than 14, not more
than 13, not more than 12, not more than 11, not more than 10, not more than
g, not maore than 8, not more than 7, or not more than 6 weight percent based
on the total weight of a pyrolysis oif stream 120, or it can be in the range of from
0.01 to 20 welght percent, 0.1 to 15 weight percent, or 1 to 10 weight percent,
based on the total weight of the stream. Oxygenated compounds and polymers
are those containing an oxygen atom.

{0388} In one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oif stream 120 can include heteroatom compounds
or polymers in amount of not more than 20, not more than 15, not more than
10, not more than 8, not more than 8, not more than 7, not more than 6, not
more than 5, not more than 4, not more than 3, not more than 2, not more than
1, not more than 0.5, or not more than 0.1 weight percent based on the {otal
weight of a pyrolysis oil stream 120. A heterpatom compound or polymer
includes any compound or polymer containing nitrogen, sulfur, or phosphorus.
Any other atom is not regarded as a heteroatom for purposes of determining
the guantity of hetercatoms, heterocompounds, or heleropolymers present in
the pyrolysis oif stream 120.

{6387}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 comprises not more than 5, not more
than 4, not more than 3, not more than 2, not more than 1, or not more than 0.5
weight percent of water based on the total weight of the pyrolysis ¢il stream
120.

{33681 In one embodiment or in combination with any of the mentioned

embodiments, the pyrolysis ol stream 120 comprises less than 5, not more than
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4, not more than 3, not more than 2, not more than 1, not more than 0.5, not
more than 0.4, not more than 0.3, not more than 0.2, or not more than 0.1 weight
percent of solids based on the total weight of the pyrolysis oil stream 120.
{0369}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis ol comprises at least 50, at least 55, at least 60, at
least 65, atleast 70, atleast 75, at least 80, or at least 85 and/or not more than
99, not more than 95, not more than 80, not more than 85, nof more than 80,
not more than 75, not more than 70, not more than 65, or not more than 60
weight percent of atomic carbon based on the total weight of the pyrolysis oil
stream 120.

{6370} in one embodiment or In combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 comprises at least at least 5, at least
6, atleast 7, at least 8, at least 9, or at least 10 and/or not more than 30, not
more than 25, not more than 20, not more than 15, not more than 14, not more
than 13, not more than 12, or not more than 11 weight percent of atomic
hydrogen based on the total weight of the pyrolysis oil stream 120, or it can be
present in an amount in the range of from 5 to 30 weight percent, 7 to 20 weight
percent, or 10 to 15 weight percent, based on the total weight of the stream.
{83711in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 comprises not more than 10, not
more than 8, not more than 8, not more than 7, not more than 8, not more than
5, not more than 4, not more than 3, not more than 2, not more than 1, or not
more than 0.5 weight percent of atomic oxygen based on the total weight of the
pyrolysis oif stream 120.

{6372}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oif stream 120 comprises less than 1,000, not more
than 500, not more than 400, not more than 300, not more than 200, not more
than 100, or not more than 50 ppm of atomic sulfur based on the total weight of
the pyrolysis ofl stream 120.

{3373} In one embodiment or in combination with any of the mentioned

embodiments, the pyrolysis ol stream 120 comprises less than 1,000, not more
120



10

15

20

25

30

WO 2021/163104 PCT/US2021/017342

than 500, not more than 400, not more than 300, not more than 200, not more
than 100, not more than or not more than 50 ppm of metals based on the {otal
weight of the pyrolysis oil stream 120.

{0374}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 comprises less than 1,000, not more
than 500, not more than 400, not more than 300, not more than 200, not more
than 100, or not more than 50 ppm of metals based on the total weight of the
pyrolysis oil stream 120,

{0375}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 comprises less than 1,000, not more
than 500, not more than 400, not more than 300, not more than 200, not more
than 100, or not more than 50 ppm of alkali metals and/or alkaline earth metals
based on the total weight of the pyrolysis oil stream 120.

{03761t should be noted that all of the disclosed hydrocarbon weight
percentages may be determined using gas chromatography-mass
spectrometry (GC-MS).

{0377}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 may have a density at 15°C of at
least 0.6, at least 0.65, or at least 0.7 andfor not more than 1, not more than
(.85, not more than 0.9, or not more than 0.9 g/fom3. In one embodiment or in
combination with any of the mentioned embodiments, the pyrolysis oil stream
120 has a density at 15°C at arange of 0.6 to 1 g/cm3, 0.65 to .95 g/lem3, or
0.7 t0 0.9 g/om3.

{0378]in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 may have an AP gravity at 15°C of
atleast 28, at least 29, at least 30, at least 31, at least 32, or at least 33 andfor
not more than 50, not more than 49, not more than 48, not more than 47, not
more than 48, or not more than 45, In one embodiment or in combination with
any of the mentioned embodiments, the pyrolysis oil stream 120 has an API
gravity at 15°C at a range of 28 to 50, 29 io 58, or 30 to 44.
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{8379]in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 may have a mid-boiling point of at
least 75°C, at least 80°C, at least 85°C, at least 90°C, at legst 95°C, at least
100°C, at lsast 105°C, at least 110°C, or at least 115°C and/or not more than
250°C, not more than 245°C, not mors than 240°C, not more than 235°C, not
more than 230°C, not more than 225°C, not more than 220°C, not more than
215°C, not more than 210°C, not more than 205°C, not more than 200°C, not
more than 185°C, not more than 180°C, not more than 185°C, not more than
180°C, not more than 175°C, not more than 170°C, not more than 185°C, not
more than 160°C, not more than 155°C, not more than 156°C, not more than
145°C, not more than 140°C, not more than 135°C, not more than 130°C, not
more than 125°C, or not more than 120°C, as measured according to ASTM D-
£389. In one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis oil stream 120 may have a mid-boiling point in the
range of 75 1o 250°C, 90 to 225°C, or 115 to 180°C. As used hersin, "mid-
boiling point” refers to the median boiling point temperature of the pyrolysis oil,
where 50 percent by volume of the pyrolysis oil boils above the mid-boiling point
and 50 percent by volume boils below the mid-boiling point.

{0380]in one embodiment or in combination with any of the mentioned
embodiments, the boiling point range of the pyrolysis oil stream 120 may be
such that not more than 10 percent of the pyrolysis oll has a final boiling point
(FBF) of at least 250°C, at least 280°C, at least 280°C, at least 300°C, or at
least 310°C, as measured according to ASTM D-5384,

{6381] Turning fo the pyrolysis gas stream 118, the pyrolysis gas stream 118
can have a methane content of at least 1, at least 2, at least 3, at least 4, at
least 5, at least &, at least 7, at least 8, at least 9, at least 10, at least 11, at
least 12, at least 13, at least 14, or at least 15 and/or not more than 50, not
more than 45, not more than 40, not more than 35, not more than 30, not more
than 25, or not more than 20 weight percent based on the total weight of the
pyrolysis gas. In one embodiment or in combination with any of the mentioned

embodiments, the pyrolysis gas stream 118 can have a methane content in the
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range of 1 to 50 weight percent, 5 to 50 weight percent, or 15 to 45 weight
percent.

{33821 In one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis gas stream 118can have a C3 hydrocarbon content
of at least 1, atleast 2, al least 3, at least 4, st least 5, at least §, at least 7, at
least 8, at least 9, at least 10, at least 15, at least 20, or at least 25 and/or not
more than 50, not more than 45, not more than 40, not more than 35, or not
more than 30 weight percent based on the total weight of the pyrolysis gas. In
one embodiment or in combination with any of the mentioned embodiments,
the pyrolysis gas stream 118 can have a C3 hydrocarbon content in the range
of 1 to 50 weight percent, 5 {o 50 weight percent, or 20 to 50 weight percent.
{6383} In one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis gas stream 118 can have a €4 hydrocarbon
content of af least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at
least 7, at least 8, at least 9, at least 10, at least 11, atleast 12, at least 13, at
least 14, at least 15, atleast 16, atleast 17, at least 18, at least 19, at least 20,
or at least 25 and/or not more than 50, not more than 45, not more than 40, not
more than 35, or not more than 30 weight percent based on the total weight of
the pyrolysis gas stream 118, In one embodiment or in combination with any
of the mentioned embodiments, the pyrolysis gas stream 118 can have a C4
hydrocarbon content in the range of 1 to 50 weight percent, 5 to 50 weight
percent, or 20 to 50 weight percent.

{03841In one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis gas stream 118 can have a combined ©3 and C4
hydrocarbon content {including all hydrocarbons having carbon chain lengths
of C3 or C4) of atleast 5, atleast 10, atleast 15, atleast 20, at least 25, at least
30, at least 35, at least 40, at least 45, at least 50, at least 55, or at least 60
and/or not more than 98, not more than 95, not more than 80, not more than
85, not more than 80, not more than 75, not more than 70, or not more than 65
weight percent based on the iotal weight of the pyrolysis gas. In one

embadiment or in combination with any of the menticned embadiments, the
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pyrolysis gas stream 118 can have a combined C3/C4 hydrocarbon content in
the range of 10 to 90 weight percent, 25 to 90 weight percent, or 25 to 80 weight
percent.

{0385}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis gas stream 118 comprises a sulfur content of at
least 1, atleast 2, atleast 3, at least 4, atleast 5, at least §, at least 7, at least
8, at least 9, at least 10, at {east 11, at least 12, af least 13, at least 14, or at
least 15 and/or not more than 1,000, not more than 500, not more than 400, not
more than 300, not more than 200, or not more than 100 ppm, or it can be in
the range of from 1 to 1000 ppm, 2 to 500 ppm, or 3 to 100 ppm, based on the
total weight of the stream.

{6388} Although not wishing to be bound by theory, it is believed that the
production of C3 and C4 hydrocarbons may be facilitated by higher pyrolysis
temperatures {(e.q., those exceeding 550°C), the selection of specific catalyst
types, or the absence of specific catalysts {e.g., Z5M-5).

{0387} Turning to the pyrolysis residue stream 122, In one embodiment or in
combination with any of the mentioned embodiments, the pyrolysis residue
stream 122 comprises at {east 20, at least 25, at least 30, at least 35, at least
40, at least 45, at least 50, at least 55, at least 60, at least 65, at least 70, at
lzast 75, at least 80, or at least 85 weight percent of C20+ hydrocarbons based
on the total weight of the pyrolysis residue stream 122, As used herein, “C20+
hydrocarbon” refers to hydrocarbon compounds containing at least 20 total
carbons per molecule, and encompasses all olefins, paraffins, and isomers
having that number of carbon atoms.

{(6388}in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis residue stream 122 comprises not more than 15,
not more than 14, not more than 13, not more than 12, not more than 11, not
more than 10, not mors than 9, not more than &, not more than 7, not more than
&, not more than 5, not more than 4, not more than 3, not more than 2, not more
than 1, or not more than 0.5 weight percent of water based on the {otal weight

of the pyrolysis residue stream 122.
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{6388]in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis residue stream 122 comprises at least 1, af least
2, atleast &, at least 10, at least 15, atleast 20, at least 25, at least 30, st least
35, at least 40, at least 45, at least 50, at least 55, at least 60, at least 65, at
least 70, at least 75, at least 80, at least 85, at least 80, at least 85, or at {east
99 weight percent of carbon-containing solids based on the total weight of the
pyrolysis residue stream 122.

{(3380] Additionally, or alternatively, in one embodiment or in combination with
any of the mentioned embodiments, the pyrolysis residue stream 122
comprises not more than 89, not more than 90, not more than 80, not more than
70, not more than 80, not more than 50, not more than 40, not more than 30,
not more than 20, not more than 10, not more than 8, not more than 8, not more
than 7, not more than 86, not more than 5, or not more than 4 weight percent of
carbon-containing solids.  As used herein, “carbon-containing solids” refer to
carbon-containing compaositions that are derived from pyrolysis and are solid at
25°C and 1 atm. In one embodiment or in combination with any of the
mentioned embodiments, the carbon-containing solids comprise at least 20, at
least 30, at least 40, at least 50, at least 60, at least 70, at least 80, or at {east
80 weight percent of carbon based on the total weight of the carbon-containing
sofids.

{63811in one embodiment or in combination with any of the mentioned
embaodiments, the pyrolysis residue stream 122 comprises a C:H atomic ratio
that is greater than or equal to paraffing or greater than or eqgual to 0.25:1,
greater than or equal to 0.3:1, greater than or equal to 0.35:1, greater than or
equal to 0.4:1, or greater than or equal to 0.45:1.

{6382}in one embodiment or in combination with any of the mentioned
embodiments, the separated pyrolysis residue siream 122 comprises not more
than 40, not more than 30, not more than 20, not more than 10, not more than
5, not more than 4, not more than 3, not more than 2, or not more than 1 weight
percent of pyrolysis oll based on the total weight of the pyrolysis residue stream

122
125



10

15

20

25

30

WO 2021/163104 PCT/US2021/017342

{0383} As shown in FIG. 8, the pyrolysis gas stream 118, the pyoil stream 120,
and the pyrolysis residue stream 122 withdrawn from the pyrolysis facility 60
may be routed to one or more of (i} a cracker facility 74, {ii} an energy
generation/production faciiity 80, (lily a POX gasification facility 50; and {iv}
solidification facility 40. In one embodiment or in combination with any of the
mentionad embodiments, one or more of the pyrolysis ¢il, pyrolysis gas, and/or
pyrolysis residue may only be routed to one of the faciiities (i) through (iv), while,
in other embodiments, one or more of the pyrolysis oil, pyrolysis gas, and/or
pyrofysis residue may be routed to two or more of the facilities (i} through {iv).
{33341 In padicular, as shown in FiG. 5, all, or a portion, of the pyrolysis gas
118 can be routed {o at least one of (i} an energy generation/production faciily
80; (ii} & cracker facility 70; and (il) a POX gasification facility 50. In one
embodiment or in combination with any of the mentioned embodiments, all, or
a portion, of the pyoil 120 can be routed io at least one of (i} an energy
generation/production facility 80; {ii} a cracker facility 70; (iii) a POX gasification
facility 50; and (iv) a solidification facility 40. In one embodiment or in
combination with any of the mentioned embodiments, all, or a portion, of the
pyrolysis residue 122 can be routed to at least one of (i) an energy
generation/production facility 80; (ii} a solidification facility 40, and (jil) a POX
gasification facility 50

{6385] Optionally, one or more of the pyrolysis gas stream 118, the pyoll stream
120, and pyrolysis residue steam 122 may be sent to an industrial landfill or
other processing facility. in one embodiment or in combination with any of the
mentioned embodiments, each of the pyrolysis gas stream 118, the pyoil
stream 120, and pyrolysis residue steam 122 can have a recycle content of at
least 1, at least 5, at least 10, at least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, al least 45, atleast 50, atleast 55, at least 60, at least 85,
atleast 70, al lsast 75, atleast 80, atleast 85, at least 80, or at least 85 percent,

based on the total weight of the respective stream.
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Cracking Facility

{03961in one embodiment or in combination with any of the mentioned
embodiments, at least a portion of one or more streams from the pyrolysis
facility 80 may be introduced into a cracking faciiity 70, As used herein, the
term “cracking” refers to breaking down complex organic molecules into simpler
molecules by the breaking of carbon-carbon bonds. A “cracking facility 70" is
a facility that includes all equipment, lines, and controls necessary to carry out
cracking of a feedstock derived from waste plastic. As used herein, the terms
“cracker” and “cracking” are used interchangeably.

{33971 Turning now to FiG. 8, a cracking facility 70 configured according {oc ons
or more embodiments of the present technology is shown. As shown in FiG. 6,
the cracking facility 70 includes &t least one cracker furnace 642 for thermally
cracking a cracker feed stream 160 to form a cracker effluent 1198, as well as a
downsiream separation zone 644, which includes equipment used to process
the effluent of the cracker furnace(s) and form at least one olefin stream 128
and at least one paraffiin stream 140.

{6388} in one embodiment or in combination with any of the mentioned
embodiments, at least a portion of a pyrolysis gas stream 118 from a pyrolysis
facility 60 (which may be formed and/or may have a composition as discussed
previously) and/or the pyoll stream 120 {(which may be formed and/or may have
a composition as discussed previously) can be introduced to the cracker unit
70. In one embodiment or in combination with any of the mentioned
embodiments, at least a portion of the pyoil stream 120 may be introduced into
at least one inlet of the cracker furnace 642, while at least a portion of the
pyrolysis gas stream 118 can be introduced into a location upstream and/or
downstream of the cracker furnace 642

{83991 in one embodiment or in combination with any of the mentioned
embodiments, one or more solvolysis coproduct stream 110 may also be
introduced into the inlet of the cracking facility 70, alone, or in combination with

one or more of the other streams. The solvolysis coproduct stream 110 may
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include a single solvolysis coproduct, or two or more different solvolysis
coproducts, as discussed in detail previously.

{0400} As shown in FIG. 6, a stream of pyrolysis gas 118 and/or pyoil 120,
andfor solvolysis coproduct stream 110 may be introduced into a cracker facility
70 along with or as the cracker feedstock to form the cracker feed stream 160,
In one embodiment or in combination with any of the mentionad embodiments,
the cracker feedstock can comprise at least 1, at least 5, at least 10, at least
15, at least 20, at least 25, at least 30, at least 35, at least 40, at least 45, at
least 50, at least 55, al least 60, atleast 65, atleast 70, at least 75, atleast 80,
at least 85, at least 80, or at lsast 85 weight percent of pyrolysis gas, pyoil, or
pyrolysis gas and pyoil combined, based on the total weight of the cracker fead
stream 160.

[0401] Alternatively, or in addition, the cracker feed stream 180 can comprise
nof more than 95, not more than 80, not more than 85, not more than 80, not
more than 75, not more than 70, not more than 65, not more than 60, not more
than 55, not more than 50, not more than 45, not more than 40, not more than
35, not more than 30, not more than 25, or not more than 20 weight percent of
pyrolysis gas, pyoil, or a combination of pyrolysis gas and pyoil, based on the
total weight of the cracker feed stream 160, or it can be present in an amount
in the range of from 5 to 95 weight percent, 10 io 80 weight percent, 15 {0 85
weight percent, or 20 fo 80 weight percent, based on the total weight of the
stream.

{04021 In one embodiment or in combination with any of the mentioned
embodiments, the cracker feed stream 160 can include at least 5, at least 10,
af least 15, at least 20, at least 25, af least 30, at least 35, at least 40, af least
45, at least 50, at legst 55, at least 60, at least 65, at least 70, at least 75, at
least 80, at least 85, at least 90, or at least 95 weight percent and/or not more
than 85, not more than 80, not more than 85, not more than 80, not more than
75, not more than 70, not more than 65, not more than 80, not more than 55,
not more than 50, not more than 45, not more than 40, not more than 35, not

more than 30, not more than 25, or not more than 20 weight percent of a
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hydrocarbon feed other than pyrolysis gas and pyrolysis oil, based on the total
weight of the cracker feed stream 160, or it can include an amount in the range
of from 5 to 85 weight percent, 10 to 80 weight percent, 20 to 80 weight psreent,
25 to 75 weight percent, or 30 {o 70 weight percent, based on the total weight
of the stream.

{0403}in one embodiment or in combination with any of the mentioned
embodiments, the cracker feed stream 160 may comprise a predominantly C2
to C4 hydrocarbon containing composition, or a predominantly C% to C22
hydrocarbon containing composition. As used herein, the term “predominantly
2 to C4 hydrocarbon,” refers o a stream or composition containing at least 50
welght percent of C2 to C4 hydrocarbon components. Examples of specific
types of C2 to C4 hydrocarbon streams or compositions include propane,
athane, butane, and LPG.

{0404} In one embodiment or in combination with any of the mentioned
embodiments, the cracker feed stream 180 may comprise at least 50, or at least
55, or at least 60, or at least 65, or at least 70, or at least 75, or at least 80, or
at least 85, or at least 80, or at least 85, in each case weight percent based on
the fotal weight of the feed, and/or not more than 100, or not more than 99, or
not more than 85, or not more than 92, or not more than 80, or not more than
85, or not more than 80, or not more than 75, or not more than 70, or not more
than 65, or not more than 60, in sach case wsight percent 02 to C4
hydrocarbons or linear alkanes, based on the fotal weight of the feed. The
cracker feed can comprise predominantly propane, predominantly ethane,
predominantly butane, or a combination of two or more of these components.
{6405} in one embodiment or in combination with any of the mentioned
embodiments, the cracker fesed stream 160 may comprise a predominantly C5
to C22 hydrocarbon containing composition.  As used herein, “predominantly
C5 to C22 hydrocarbon” refers to a stream or composition comprising at least
50 weight percent of C5 to C22 hydrocarbon components. Examples include

gasoline, naphtha, middle distiliates, diesel, kerosene.
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{0406]1in one embodiment or in combination with any of the mentioned
embodiments, the cracker feed stream 160 may comprise atleast 20, or at least
25, or at least 30, or at least 35, or at least 40, or at least 45, or at least 50, or
atleast 55, or at least 60, or atleast 65, or atleast 70, or atleast 75, or at least
80, or at least 85, or at least 80, or al least 95, in sach case weight percent
and/or not more than 100, or not more than 89, or not more than 95, or not more
than 92, or not more than 80, or not more than 85, or not more than 80, or not
more than 75, or not more than 70, or not more than 65, or not more than 60,
in sach case weight percent C& to C22, or C8 to C20 hydrocarbons, based on
the total weight of the stream 160, or it can be present in an amount in the range
of from 20 to 98 weight percent, 25 to 95 weight percent, 30 to 80 weight
percent, or 35 to 85 weight percent, based on the total weight of the stream
[04071in one embodiment or in combination with any of the mentioned
embodiments, the cracker feed stream 160 may have a C15 and heavier {C15+)
content of at least 0.5, or at least 1, or af least 2, or at least 5, in each case
weight percent and/or not more than 40, or not more than 35, or not more than
30, or not more than 25, or not more than 20, or not more than 18, or not more
than 15, or not more than 12, or not mare than 10, or not more than 5, or not
more than 3, in each case weight percent, based on the total weight of the feed,
or it can be in the range of from 0.5 to 40 weight percent, 1 to 25 weight percent,
or 2 1o 30 weight percent, based on the total weight of the stream.

[0408]in one embodiment or in combination with any of the mentioned
embodiments, the cracker feed stream 160 introduced into the cracker furnace
842 can comprise vacuum gas oil (VGO), hydrogenated vacuum gas ofl
{(HVGQO), or atmospheric gas oit (AGQO). In one embodiment or in combination
with any of the mentioned embodiments, the cracker feed stream 160
introduced into the cracker furnace 642 can comprise at least 5, at least 10, at
least 15, atleast 20, at lsast 25, atleast 30, at least 35, at least 40, at least 45,
at least 50, at least 55, at least 60, at least 65, at least 70, at least 75, at least
80, at least 85, or at least 80 and/or not more than 89, not more than 85, not

more than 80, not more than 85, not more than &0, not more than 75, not more
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than 70, not more than 65, not more than 60, not more than 55, or not more
than 50 weight percent of at least one gas oil, based on the total weight of the
stream 160, or it could be present in an amount in the range of from 5 to 85
weight percent, 10 o 80 weight percent, 20 to 80 weight percent, or 250 75
weight percent, based on the {otal weight of the siream.

{0408}in one embodiment or in combination with any of the mentioned
embodiments, the cracker furnace 642 can comprise a gas furnace. A gas
furmnace is a furnace having at least one coil which receives (or operated to
receive or canfigured to recelve), at the inlet of the coll at the enfrance to the
convection zone, a predominaiely vapor-phase feed {more than 50percent of
the weight of the feed is vapor) (fgas coll”). In one embodiment or in
combination with any of the mentioned embodiments, the gas coil can receive
a predominately C2-C4 feedstock, or a predominately a C2-C3 feadstock 1o the
inlet of the coll in the convection section, or alternatively, having at least one
coll receiving more than 50 weight percent ethane and/or more than
S0percent propane andfor more than 50 percent LPG, or in any one of these
cases at lsast 60 weight percent, or at least 70 weight percent, or at least 80
weight percent, based on the weight of the cracker feed to the coil, or
alternatively based on the weight of the cracker feed to the convection zone.
34101 When the cracker furmace 642 is a gas furmnace, the furnace may have
more than one gas coil. In one embodiment or in combination with any of the
mentioned embadiments, at least 25 percent of the coils, or at least 50 percent
of the coils, or at least 60 percent of the coils, or all the coils in the convection
zone or within a convection box 758 of the furnace are gas coils. In one
embodiment or in combination with any of the mentioned embodiments, the gas
coil receives, at the inlet of the coil at the entrance to the convection zone, a
vapor-phase feed in which at least 60 weight percent, or at least 70 weight
percert, or at least 80 weight percent, or at least 80 weight percent, or at least
95 weight percent, or at least 87 weight percent, or at least 98 weight percent,
or at least 99 weight percent, or at least 89.5 weight percent, or at least 88.9

weight percent of feed is vapor.
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{84111in one embodiment or in combination with any of the mentioned
embodiments, in the cracker furnace 642 can comprise a split furnace. A spiit
fumace is a type of gas fumace. A split furnace contains at least one gas coil
and at least one liquid coll within the same furnace, or within the same
convection zone, or within the same convection box 758, A liguid coil is a coll
which recelves, at the inlet of coil at the entrance {0 the convection zone, a
predominately liguid phase feed (more than 50percent of the weight of the feed
is liquid) (“liquid coll™).

{8412]In one embodiment or in combination with any of the mentioned
embodiments, the cracker feed stream can be cracked in a thermal gas cracker.
{64131in one embodiment or in combination with any of the mentioned
embodiments, the cracker feed stream can be cracked in a thermal steam gas
cracker in the presence of steam. Sieam cracking refers {o the high-
temperature cracking (decomposition} of hydrocarbons in the presence of
steam.

{64141in one embodiment or in combination with any of the mentioned
embodiments, when the pyoil or pyrolysis gas is combined with another feed
stream, such a combination may occur upstream of, or within, the cracking
furnace. Alternatively, the pyoil containing feed stream and the other cracker
feed may be introduced separately into the furnace, and may pass through a
portion, or all, of the furnace simultanecusly while being isolated from one
another by feeding into separate tubes within the same furnace {(e.g., a split
furnace).

{8415] Turning now to FIG. 7, a schematic diagram of a cracker furnace suitable
for use in one or more embodiments is shown, As shown in FiG. 7, the cracking
furnace can include a convection section 748, a radiant section 748, and a
cross-over section 7580 located between the convection section 746 and radiant
section 748. The cross-over section 750 is located between and in fluid flow
communication with the convection 746 section and radiant section 748.
[(3416] The convection section 746 is the portion of the furnace 742 that

receives heat from hot flue gases and includes a bank of tubes or coils 752a.b
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through which a cracker stream 180 passes. In the convection section 746, the
cracker stream 160 is heated by convection from the hot flue gasses passing
therethrough. Although shown in FIG. 7 as including horizontally-orierted
convection section tubes 752a and vertically-oriented radiant section tubes
752b, it should be undersiood that the tubes 752 can be oriented in any suitable
configuration. For example, in one embadiment or in combination with any of
the mentioned embodiments, the convection section tubes 752a may be
vertical. In one embodiment or in combination with any of the mentioned
embodiments, the radiant section tubes 752b may be horizontal. Additionally,
although shown as a single tube, the cracker furnace may comprise one or
more tubes or colls 752 that may include at least one split, bend, U, elbow, or
combinations thereof. When multiple tubes or coils are present, such may be
arranged i paraliel and/or in series.

{8417} The radiant section 748 is the section of the furnace 742 into which heat
is transferred intc the heater tubes primarily by radiation from the high-
temperature gas. The radiant section 748 also includes a plurality of burners
756 for introducing heat into the lower portion of the furnace 742. The furnace
742 includes a fire box 754 which surrounds and houses the tubes 752b within
the radiant section 748 and into which the burners 756 are oriented. The cross-
over section 750 includes piping for connecting the convection section 748 and
radiant section 748 and may transfer the heated cracker stream 160 from one
section to the other within, or external {o, the interior of the furnace.

{0418} As hot combustion gases ascend upwardly through the furnace stack,
the gases may pass through the convection section 748, wherein at least a
portion of the waste heat may be recovered and used to heat the cracker stream
1186 passing through the convection section.

{8419]In one embodiment or in combination with any of the mentioned
embodiments, the cracking furnace 742 may have a single convection {preheat)
section and a single radiant section, while, in other embodiments, the furnace
may include two or more radiant sections sharing a common convection

section. At least one induced draft {1.D.) fan 780 near the stack (not shown)
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may control the flow of hot flue gas through the furnace 742 and thereby control
its heating profile. Additionally, in one embodiment or in combination with any
of the mentioned embodiments, one or more heat exchangers 760 may be used
to cool the furnace efffuent 119, In one or more embodiments (not shown), a
liguid quench stream may be used in addition to, or alternatively with, the
exchanger (g.g., transfer line heat exchanger or TLE) on the outlet of the
furnace shown in FlIG. 7 for cooling the cracked olefin-containing furnace
effluent 119.

{0420} in operation, the cracker feed stream 160 introduced into the inlet of
furnace 742 passes through the convection section 746 and into the cross-over
section 750, wherein the stream may have a temperature of at least 500, at
least 510, at least 520, at least 530, at least 540, at least 550, at least 555, at
least 560, at least 565, at least 570, at least 575, atl least 580, at least 585, at
least 580, at least 585, at least 600, at least 605, at least 610, at least 615, at
least 620, at least 825, at least 830, at least 835, at least 640, at least 645, at
least 650, at least 660, atleast 670, or at least 680°C and/or not more than 850,
not more than 840, not more than 830, not more than 820, not more than 810,
not more than 800, not more than 785, not more than 790, not more than 785,
not more than 780, not more than 775, not more than 770, not more than 765,
not more than 760, not more than 755, not more than 750, not more than 745,
not more than 740, not more than 735, not more than 730, not more than 725,
not more than 720, not more than 715, not more than 710, not more than 705,
not more than 700, not more than 695, not more than 680, not more than 685,
not more than 680, not more than 875, not more than 670, not more than 665,
not more than 660, not more than 655, not more than 650, not more than 645,
not more than 640, not more than 635, or not more than 630°C.

{04211 In operation, the cracker feed stream 160 introduced into the inlet of
fumace 742 passes through the convection section 746 and into the cross-over
section 750, wherein the stream may have a temperature of at least 500, at
least 525, at least 550, at least 575, atl least 600, st least 825, at least 650, at

least 675, or at least 680°C and/or not more than 850, not more than 825, not
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more than 800, not more than 775, not more than 750, not more than 725, not
more than 700, not more than 675, not more than 650, or not more than 630°C,
or in the range of from 500 1o 850°C, 550 to 750°C, or 600 to 825°C.

{04221 The heated cracker strearm 160 in the cross-over section then passes
through the radiant section 748 of the furnace 742. In the radiant section 748,
the stream 160 can be thermally cracked to form lighter hydrocarbons, including
olefins such as ethylene, propylene, andfor butadiene. The residence time of
the cracker stream 160 in the radiant section 748 of the furmnace 742 can be at
least 0.1, or at least 0.15, or at least 0.2, or at least 0.25, or at least 0.3, or at
least .35, or at least 0.4, or at least 0.45, in each case seconds and/or not
more than 2, or not more than 1.75, or not more than 1.5, or not more than 1.25,
or ntot more than 1, or not more than 0.9, or not more than 0.8, or not more than
(.75, or not more than 0.7, or not more than 0.65, or not more than 0.6, or not
more than 0.5, in each case seconds, or in the range of from 0.1 to 2 seconds,
0.15 to 0.65 seconds, or 0.2 1o 0.6 seconds.

{64231 The temperature of the olefin-containing effluent stream withdrawn from
the furnace outlet can be at least 640, or at least 650, or at least 660, or at least
670, or at least 680, or at least 680, or at least 700, or at least 720, or at least
730, or at least 740, or at least 750, or at least 760, or at least 770, or at least
780, or at least 790, or atleast 800, or at least 810, or at least 820, in each case
°C andfor not more than 1000, or not more than 890, or not more than 880, or
not more than 870, or not more than 960, or not more than 850, or not more
than 840, or not more than 830, or not more than 820, or not more than 810, or
nat more than 800, or not more than 890, or not more than 880, or not more
than 875, or not more than 870, or not more than 860, or not more than 850, or
not more than 840, or not more than 830, in each case °C, in the range of from
730 to 800°C, 75010 875°C, or 750 o 850°C.

{0424 Referring again to FIG. 6, in one smbodiment or in combination with any
of the mentioned embodiments, all or a portion of the pyrolysis gas 118 from a
pyrolysis facility 60 may be introduced into the inlet of the cracker furnace 842,

or all or a portion of the pyrolysis gas 118 may be introduced downstream of
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the furmace outlet, at a location upstream of or within the separation zone 644
of the cracker facility 70, In one embodiment or in combination with any of the
mentioned embodiments, the separation zone 644 includes at least one
fractionation column for separating out components of the furnace sffluent 119
and at least one compression stage for increasing the pressure of the furnace
effluent 119 prior to fractionation. When introduced into or upstream of the
separation zone 644, the pyrolysis gas stream 118 can be introduced upsiream
of the last stage of compression, or prior io the inlet of at least one fractionation
column in a fractionation section of the separation zone 544,

{0425 Prior to entering the cracker facility 70, In one embodiment or in
combination with any of the mentioned embodiments, a stream of raw pyrolysis
gas from a pyrolysis facility 60 may undergo one or more separation steps in a
pre-treatment zone 65 to remove one or more components from the stream.
Examples of such components can include, but are not limited to, aldehydes,
oxygenated compounds, nitrogen-containing compounds, sulfur-containing
compounds, carbon dioxide, water, vaporized metals, and combinations
thereof. in one embodiment or in combination with any of the mentioned
embodiments, the pyrolysis gas stream 118 introduced into the cracker facility
70 comprises atleast 0.1, at least 0.5, at least 1, at least 1.5, at least 2, at least
2.5, atleast 3, atleast 3.5, at least 4, at least 4.5, or at least 5 and/or not more
than 30, not more than2s, not more than 20, not more than 15, not more than
10, not more than 5, not more than 3, not more than 2, or not more than 1 weight
percent of one or more of the above-listed components, based on the total
weight of the pyrolysis gas stream 118, or #t can be present in an amount in the
range of 0.1 to 30 weight percent, 0.5 to 25 weight percent, or 1 to 20 weight
percent, based on the total weight of the stream.

{04268]in one embodiment or in combination with any of the mentioned
embodiments, the cracker facility 70 may comprise a single cracking furnace,
or it can have at least 2, or atleast 3, or atleast 4, or atleast 5, or atleast 6, or
atleast 7, or at least 8 or more cracking furnaces operated in parallel. Any one

or each furnace(s) may be gas cracker, or a liquid cracker, or a split furnace.
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in one embodiment or in combination with any of the mentioned embodiments,
the furnace 642 can be a gas cracker recelving & cracker feed siream
containing at least 50 weight percent, or at least 75 weight percent, or at least
85 weight percent or at least 90 weight percent ethane, propane, LPG, or a
combination thereof through the furnace, or through at least one coil in a
furnace, or through at least one tube in the furmace, based on the weight of all
cracker feed to the furnace 642.

[04271in one embodiment or in combination with any of the mentioned
embodiments, the furnace 642 can be a liquid or naphtha cracker receiving a
cracker feed stream 160 containing at least 50 weight percent, or at least 75
welght percent, or at least 85 weight percent liguid {when measured at 25°C
and 1 atm) hydrocarbons having a carbon number from C5-C22.

[0428}in one embodiment or in combination with any of the mentioned
embodiments, the vield of olefin ~ ethylene, propylene, butadiene, or
combinations thereof — can be at least 15, or at least 20, or at least 25, or at
least 30, or at least 35, or at least 40, or at least 45, or at least 50, or at least
55, or at least 60, or at least 65, or at least 70, or atleast 75, or at least 80, in
each case percent. As used hergin, the term “vield” refers to the mass of
product produced from the mass of feedstock/mass of feedstock x 100%. The
olefin-containing sffluent stream 119 comprises at least 30, or at least 40, or at
least 50, or at least 60, or at least 70, or at least 75, or at least 80, or at least
85, or at least 90, or at least 95, or at least 97, or at least 99, in each case
weight percent of ethylene, propylene, or ethylene and propylene, based on the
total weight of the effluent stream.

{6429}in one embodiment or in combination with any of the mentioned
embodiments, the olefin-containing effluent stream can comptise at least 10, at
least 15, at least 20, al least 25, atleast 30, atleast 35, at least 40, at least 45,
at least B0, at least 55, at least 60, at least 85, at least 70, at least 75, at least
80, at least 85, or at least 90 weight percent of C2 to C4 olefins. The siream

may comprise predominantly sthylene, predominantly propylens, or
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predominantly ethylene and propviens, based on the total weight of the olefin-
containing effluent stream 118,

{0430} The weight ratio of ethylene-to-propylene in the olefin-containing effluent
stream 119 can be at least 0.2:1, atleast 0.3:1, atleast 0.4:1, atleast 0.5:1, at
least80.6:1, atleast 0.7:1, atleast 0.8:1, atleast 0.9:1, atleagst 1.1, at least 1.1:1,
atleast 1.2:1, atleast 1.3:1, atleast 1.4:1, atleast 1.5:1, atleast 1.6:1, at least
1.7:1, atleast 1.8:1, at least 1.9:1, or at least 2:1 and/or not more than 3:1, not
more than 2.9:1, not more than 2.81, not morea than 2.7:1, not more than 2.5:1,
not more than 2.3:1, not more than 2.2:1, not more than 2.1:1, not more than
2.1, not more than 1.7:1, not more than 1.5:1, or not more than 1.25:1, orit can
be intherange of from 0.2:1to 3:1, 0410 2.5:1, or 0.7:1 f0 2.2:1.

{6431}In one embodiment or in combination with any of the mentioned
embodiments, upon exiting the cracker furnace outlet, the olefin-containing
effluent stream 119 may be cooled rapidly {e.g., guenched} in order to prevent
production of large amounts of undesirable by-products and to minimize fouling
in downstream equipment. In one embodiment or in combination with any of
the mentioned embodiments, the temperature of the olefin-containing effluent
stream 118 from the fumace can be reducsd by 35 10 485°C, 3510 375°C, or
30 to 550°C to a temperature of 500 to 760°C during the quench or cooling
step.

{04321 The cooling step is performed immediately after the furnace effluent
stream 119 leaves the furnace such as, for example, within 110 30, 510 20, or
5 {o 15 milliseconds. In one embodiment or in combination with any of the
mentioned embodiments, the quench step is performed via indirect heat
exchange with high-pressure waler or steam in a heat exchanger, while, in
other embodiments, the guench step is carried out by directly contacting the
effluent with a quench liquid. The temperature of the quench liguid can be at
least 65, or at least 80, or at least 80, or at least 100, in each case °C and/or
not more than 210, or not more than 180, or not more than 165, or not more
than 150, or not more than 135, in each case °C, or it can be in the range of

from 65 to 210°C, 80 to 180°C, or 80 to 165°C.
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{84331 When a quench liquid is used, the contacting may occur in 8 guench
tower and a liquid stream comprising gasoline and other similar bolling-range
hydrocarbon components may be removed from the quench tower. In some
cases, quench liquid may be used when the cracker feed is predominantly liquid
{or C5 to C22 and heavier hydrocarbons), and a heat exchanger may be used
when the cracker feed is predominantly vapor {or C2 to C4 hydrocarbons).
{64341 The resuiting cooled effluent stream is then separated in a vapor-liquid
separator, and the vapor is compressed in & gas compressor having, for
example, between 1 and 5 compression stages with optional inter-stage cooling
and liguid removal. The pressure of the gas stream at the outlet of the first set
of compression stages is In the range of from 7 to 20 bar gauge(barg), 8.5 to
18 barg, or 8.5 to 14 barg.

[0435]in one embodiment or in combination with any of the mentioned
embodiments, all or a portion of the pyrolysis gas stream 118 may be
infroduced upstream of the final stage of the compressor and downstream of
one or more of the initial compression stages. For example, the pyrolysis gas
118 may be combined with the gas stream prior {0 the first stage, between the
first and second stage, between the second and third stage, between the third
and fourth stages, between the fourth and fifth stages, or after the fifth (or last)
stage of the compressor (not shown) in the separation zone 644. When
introduced after later stages of compression, all or a portion of the pyrolysis gas
may have been compressed in a separate compressor or compression stage
prior fo combination with the compressed furnace effluent 119, When
combined the pressure of the pyrolysis gas is within 20, within 50, within 100,
or within 150 psi of the pressure of the stream with which it is being combined.
{0438] The resulting compressed stream can be treated for removal of acid
gases, including CO, CO2, and Ha8 by contact with an acid gas removal agent.
Examples of acid gas removal agents can include, but are not limited to, caustic
and various types of amines. In one embodiment or in combination with any of
the mentioned embodiments, a single contactor may be used, while, in other

embadiments, a dual column absarber-stripper configuration may be employed.
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{0437} The freated compressed olefin-containing stream 118 may then be
further compressed in ancther compressor, optionally with inter-stage cooling
and liquid separation. The resulting compressed stream, which has a pressure
in the range of 20 to 50 barg, 25 to 45 barg, or 30 to 40 barg. Any suitable
moisture removal method can be used including, for example, molecular sieves
or other similar process. The resulting stream may then be passed to the
fractionation section, wherein the olefins and other components may be
separated in o various high-purity product or intermediate streams. |n one
embodiment or in combination with any of the mentioned embodiments, all or
a portion of the pyrolysis gas may be introduced prior {o and/or after one or
more stages of the second compressor. Similarly, the pressure of the pyrolysis
gas is within 20, within 50, within 100, or within 150 psi of the pressure of the
stream with which it is being combined.

{0438} In one embodiment or in combination with any of the mentioned
embodiments, the suction pressure of the compression system can be at least
0.01, at least 0.05, or at least 0.1 barg and/or not more than 1.1, not more than
(.95, not more than 0.80, or not more than 0.85 barg, while the outlet of the first
compression stage can be atleast 1.3, at least 1.4, at least 1.5, or at least 1.6
barg and/or not more than 4, not more than 3.75, not more than 3.5, not more
than 3.25, not more than 3, not more than 2.9, not more than 2.8 or not more
than 2.7 barg.

[0439] The outlet of the second compression stage can be at least 3.8, at least
3.9, at least 4, at least 4.5, at least 5, or atleast 5.5 barg and/or not more than
11, not more than 10.5, not more than 10, not more than 8, not more than 8.5,
not more than 8, not more than 7, not more than 6.5, not more than 6.4, or not
more than 6.3 barg, while the outlet of the third compression stage can be at
least 8.7, at least 8.8, at least 8.9, af least 9, at least 10, at least 12, or at least
14 barg and/or not more than 30, not more than 27, not more than 25, not more
than 20, not more than 15, not more than 13.5, not more than 13.4, or not more
than 13.25 barg. The outlet of the fourth compression stage can be at least

14.2, at least 14.3, or a. 14 4 barg, and/or not more than 23.5, not more than
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23.4, not more than 23.3, or not more than 23.2 barg. The outlet of the fifth
compression stage, when present, can be at least 27.5, atleast 27.7, or at least
27.8 barg and/or not more than 46, not more than 45.5, not more than 45.2
barg. When no fifth compression stage is present, the outlet pressure of the
fourth compression stage can be at least 30, at least 32, at least 35, at least 37,
or at least 40 barg and/or not more than 65, not more than 60, or not more than
57 barg.

{3440] The suction pressure of the first stage can be in the range of rom 0.1 to
0.8 barg and the outlet pressure of the first stage can be from 1.6 to 2.7 barg.
The outlet pressure of the second stags can be from 4 {o 6 barg, while the outlet
pressure of the third stage can be from 8 to 13 barg. The fourth stage can have
an outlet pressure of 14 {0 23 barg, and the fifth stage (when present) can have
an outlet pressure of 28 to 45 barg. The suction pressure of the first stage can
be in the range of from 0.1 to 1 barg, the ocutlet pressure of the first stage can
be in the rangs of from 1.5 o 3.75 barg, and the outlet pressure of the second
stage can be in the range of from 14.5 to 27 barg. The outlet pressure of the
fourth stage, particularly when, for example, the fourth stage is the last stags,
can be in the range of from 30 to 60 barg.

{84411in one embodiment or in combination with any of the mentioned
embodiments, after being compressed, the olefin-containing furnace efffuent
11¢ may be introduced into at least one fractionation column within the
separation zone. As used herein, the term “fractionation” refers {o the general
process of separating two or more materials having different boiling points.
Examples of equipment and processes that utilize fractionation include, but are
not limited to, distillation, rectification, stripping, and vapor-liguid separation
{single stage).

{84421 In one embodiment or in combination with any of the mentioned
embodiments, the separation section 644 of the cracker facility 70 may include
one or more of any suitable type of fractionation columns. Examples include,
but are not limited {0, a demethanizer, a deethanizer, a depropanizer, an

sthylene splitter, a propylene splitter, a debutanizer, and combinations thereof.
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As used herein, the term "demethanizer,” refers to a column whose light key is
methane. Similarly, “deethanizer,” and “depropanizer,” refer to columns with
sthane and propane as the light key component, respectively. The term
“ethylene splitter” refers to a column with ethylene as ifs light key, and similarly,
a “propylene splitter” refers o a column with propylene as its light key.

{04431 Any suitable arrangement of columns may be used so that the
fractionation section provides at least one olefin product stream 128 and at least
one paraffin stream 140, In one embodiment or in combination with any of the
mentioned embodiments, the separation zone 644 can provide at least two
olefin streams, such as sthviene and propylene, and at Isast two paraffin
streams, such as ethane and propane, as well as additional streams including,
for example, methane and lighter components and butane and heavier
components.

{04441in one embodiment or in combingtion with any of the mentioned
embodiments, the olsfin stream 140 from the separation zone 644 can
comprise af least 50, at least 55, at least 860, at least 65, atleast 70, atleast 75,
atleast 80, at least 85, at least 80, or at least 85 weight percent and/or not more
than 100, not more than 99, not more than 97, not more than 95, not more than
80, not more than 85, or not more than 80 weight percent of olefins, based on
the total weight of the olefin stream, or it can be in the range of from 50 {o 89
weight percent, 55 to 97 weight percent, or 80 to 87 weight percent, based on
the total weight of the stream.

{0448} The olefins can be predominantly ethylene or predominantly propylene.
In one embodiment or in combination with any of the mentioned embodiments,
the olefin stream can comprise at least 50, at least 55, at least 60, at least 65,
at least 70, at least 75, at least 80, at least 85, atleast 80, or af least 85 weight
percent and/or not more than 99, not mores than 97, not more than 95, not more
than 84, not more than 85, not more than 80, not more than 75, not more than
70, or not more than 65 weight percent of ethylene, based on the fotal weight

of olefins in the olefin stream, or it can be in the range of from 50 to 99 weight
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percent, 75 to 97 wsight percent, or 80 to 95 weight percent, based on the total
weight of olefins in the stream.

{0448} in one embodiment or in combination with any of the mentioned
embodiments, the olefin stream may comprise at least 20, al least 25, at least
30, at least 35, at least 40, at least 45, at least B0, at least 55, or at least 60
weight percent and/or not more than 80, not more than 75, not more than 70,
not more than 65, not more than 60, not more than 55, not more than 50, or not
more than 45 weight percaent of ethylene, based on the total weight of the olefin
stream 128, or it can be in the range of from 20 to 80 weight percent, 30 to 70
weight percent, or 40 to 60 weight percent, based on the total weight of the
stream.

{64477 Alternatively, or in addition, the olefin stream can comprise at least 50,
at least 55, at least 60, at least 65, at least 70, at least 75, st least 80, at least
85, at least B0, or at least 95 weight percent and/or not more than 99, not more
than 97, not more than 95, not more than 90, not more than 85, not more than
80, not more than 75, not more than 70, or not more than 65 weight percent of
propylene, based on the total weight of olefins in the olefin stream, or it can be
in the range of from 50 to 998 weight percent, 75 to 97 weight percent, or 80 to
95 weight percent, based on the total weight of olefins in the stream.

34481 In one embodiment or in combination with any of the mentioned
embodiments, the olefin stream may comprise at least 20, at least 25, at least
30, at least 35, atl least 40, at least 45, at least 50, at least 55, or at least 60
weight percent and/or not more than 80, not more than 75, not more than 70,
not mare than 65, not more than 80, not more than 55, not more than 50, or not
more than 45 weight percent of propyiene, based on the total weight of the
olefin stream 128, or it can be in the rangse of from 50 {0 9% weight percent, 75
to 97 weight percent, or 80 to 95 weight percent, based on the total weight of
olefins in the stream.

{0449} When present, the separation zone 644 may ulllize a demethanizer
column, wherein the methane and lighter {CO, CO2, H2) components are

separated from the sthane and heavier components. The demsthanizer can
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be operated at a temperature of at least -145, or at least -142, or at least -140,
or at least -135, in each case °C andfor not more than -120, not more than -
125, not more than ~130, not more than -135°C, or it can be in the rangs of from
~145 10 -120°C, -142 t0 -125°C, or -140 to -130°C. The botioms predominantly
liguid stream from the demethanizer column includes at least 50, or at least 55,
or at least 60, or at least 65, or at least 70, or at least 75, or at least 80, or at
least 85, or at least 90, or at least 95 or at least 99, in each case percent of the
total amount of ethane and heavier components.

{04501 When present, the separation zone 644 may utilize a deethanizer
column, wherein the C2 and lighter components are separated from the C3 and
heavier componenis by fractional distillation. The desthanizer can be operated
with an overhead temperature of at least -35, or at least -30, or at least -25, or
at least -20, in each case “C and/or not more than -5, not more than -10, not
more than ~15, not more than ~20°C, or it can be in the range of from -35 {o -
5°0C, -30 10 -10°C, or -25 to ~15°C, and an overhead pressure of at least 3, or
at least 5, or at least 7, or at least 8, or at least 10, in each case barg and/or
not more than 20, or not more than 18, or not more than 17, or not more than
15, or notmore than 14, or not more than 13, in each case barg, or an overhead
pressure in the range of from 3 to 20 barg, 5 to 18 barg, or 8 to 15 barg.
{34511 The deethanizer column recovers at least 60, or al least 65, or at least
70, or at least 75, or at least 80, or at least 85, or at least 80, or at least 85, or
at least 97, or at least 99, in each case percent of the total amount of C2 and
lighter components introduced into the column in the overhead stream. In one
embodiment or in combination with any of the mentioned embodiments, the
overhead siream removed from the desthanizer column comprises at least 50,
or at least 55, or at least 80, or at least 65, or at least 70, or at least 75, or at
least 80, or at least 85, or at least 90, or at least 895, in each case weight percent
of ethane and ethylene, based on the total weight of the overhead stream.
{04521in one embodiment or in combination with any of the mentioned
embodiments, the C2 and lighter overhead stream from a deethanizer can be

further separated in an ethane-ethylene fractionator column (ethyiene
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fractionator or ethylene splitter). In the ethane-ethylene fractionator column, an
ethylene and lighter component stream can be withdrawn from the overhead of
the column or as a side stream from the top half of the column, while the sthane
and any residual heavier components are removed in the bottoms stream.
{04531 The sthylene fractionator may be operated at an overhead temperature
of at least -45, or at least -40, or at least -35, or at least -30, or at least -25, or
at least -20, in each case °C and/or not more than -15, or not more than -20, or
not more than -25, in each case °C, or in the range of from -45 {0 -15°C, -40 to
-20°C, or -35 10 -25°C, and an overhead pressure of atleast 10, or at least 12,
or at least 15, in each case barg andfor not more than 25, not more than 22,
not more than 20 barg, or an overhead pressure in the range of from 10 {0 25
barg, 12 to 22 harg, or 15 to 20 barg. The overhead stream, which may be
enriched in ethylene, can include at least 70, or atleast 75, or at least 80, or at
least 85, or at least 90, or at least 95, or at least 87, or af least 98, or at least
99, in each case weight percent ethylens, based on the iotal weight of the
stream and may be sent to downstream processing unit for further processing,
storage, or sale as shown by line 128.

{0454] The bottoms stream from the ethane-ethylene fractionator may include
at least 40, or at least 45, or at least 50, or at least 55, or at least 60, or at least
65, or at least 70, or at least 75, or al least 80, or at least 85, or at least 80, or
at least 85, or at lsast 88, in each case weight percent ethane, based on the
total weight of the bottoms stream. All or a portion of the recovered ethane may
be recycled to the inlet of the cracker furnace as additional feedstock, as shown
by line 150, alone or in combination with the pycil and/or pyrolysis gas, as
discussed previously. Additionally, or in the alternative, all or a portion of the
sthane can be withdrawn from the cracker facility 70 as s paraffin product
stream 140.

{04551 When present, the separation zone 644 may utilize a depropanizer,
wherein C3 and lighter components are removed as an overhead vapor stream,
while C4 and heavier components exit the column in the liguid bottoms. The

depropanizer can be operated with an overhead temperature of at least 20, or
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at least 35, or at least 40, in each case °C andfor not more than 70, not more
than 65, not more than 60, not more than 55°C, or in the range of from 20 to
70°C, 3510 65°C, or 40 to 80°C, and an gverhead pressure of at least 10, or at
least 12, or at least 15, in each case barg and/or not more than 20, or not more
than 17, or not more than 15, in each case barg, or in the range of from 10 {o
20 barg, 12to 17 barg, or 12 fo 15 barg. The depropanizer column recovers at
least 60, or at least 65, or at least 70, or at leasi 75, or at least 8C, or at least
85, or at least 90, or at least 95, or at least 87, or at least 99, in each case
percent of the total amount of C3 and lighter components introduced into the
column in the overhead stream.

{64581in one embodiment or in combination with any of the mentioned
embodiments, the overhead stream removed from the depropanizer column
comprises at least or at least 50, or at least 55, or at least 80, or at least 65, or
atleast 70, or at least 75, or af least 80, or at least 85, or at least 80, or at least
95, or at least 88, in each case weight percent of propane and propylens, based
on the total weight of the overhead stream.

{0457} In one embodiment or in combination with any of the mentioned
embodiments, the overhead stream from the depropanizer may be introduced
into a propane-propylene fractionator {propylene fractionator or propylene
spiitter), wherein the propylene and any lighter components are removed in the
overhead stream and the propane and any heavier components exit the column
in the bottoms stream. The propylene fractionator may be operated at an
overhead temperature of atleast 20, or atleast 25, or at least 30, or at least 35,
in each case “C and/or not more than 55, not more than 50, not more than 45,
not more than 40°C, or in the range of from 20 o 55°C, 25 to 50°C, or 30 to
45°C, and an overhead pressure of at least 12, or atleast 15, or atleast 17, or
at least 20, in each case barg and/or not more than 20, or not more than 17, or
not more than 15, or not more than 12, in each case barg, or it can be in the
range of 12to 20 barg or 15t0 17 barg. The overhead stream, which is enriched
in propylene, can include at least 70, or at least 75, or at least 80, or at least

85, or at least 90, or at least 85, or at least 97, or at least 98, or at least 89, in
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each case wsight percent propylene, based on the total weight of the stream
and may be sent to downstream processing unit for further processing, storage,
or sale, as shown by line 128 in FIG. 6.

{04581 The bottoms stream from the propane-propylene fractionator may
include al least 40, or at least 45, or at least 50, or at least 55, or at least 60, or
atleast 65, or atleast 70, or atleast 75, or at least 80, or atleast 85, or at least
G0, or at least 95, or at least 98, in each case weight percent propane, based
on the fotal weight of the bottoms stream. All or a portion of the recovered
propane may be recycled to the cracker furnace via line 150 as additional
feadstock, alons or in combination with pyoil and/or pyrolysis gas, as discussed
previously. Additionally, or in the alternative, all or a portion of the propane can
be withdrawn from the cracker facility 70 as a paraffin product stream 140. The
paraffin product stream 140 may comprise a recycle content paraffin product
stream {r-paraffin} as discussed hersin,

[04591In one embodiment or in combination with any of the mentioned
embodiments, at least a portion of the bottoms stream from the depropanizer
may be sent o a debutanizer column for separating C4 and lighter components,
including butenes, butanes and butadienes, from C5H+ componenis. The
debutanizer can be operated with an overhead temperature of st least 20, or at
least 25, or at least 30, or at least 35, or al least 40, in each case °C and/or not
more than 60, or not more than 65, or not more than 60, or not more than 55,
or not more than 50, in each case °C and an overhead pressure of at least 2,
or at least 3, or at least 4, or at least 5, in each case barg and/or not more than
8, or not more than 8, or not more than 4, or not more than 2, in each case barg.
The debutanizer column may recover at least 60, or at least 65, or at least 70,
or at least 75, or at least 80, or at least 85, or at least 80, or at least 85, or at
least 97, or at least 99, in each case percent of the total amount of C4 and
lighter components introduced into the column in the overhead stream.

{04801 in one embodiment or in combination with any of the mentioned
embodiments, the overhead siream removed from the debutanizer column

comprises at least 30, or at least 35, or at least 40, or at least 45, or at least 50,
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or at least 55, or at least 60, or at least 65, or at least 70, or at least 75, or at
least 80, or at least 85, or at least 80, or at least 95, in each case weight percent
of butane, butene, butadiene, isomers thereof, and combinations thereof,
based on the total weight of the overhead stream. The bottoms stream from
the debutanizer includes mainly C5 and heavier components, in an amount of
atleast 50, or atleast 80, or atleast 70, or at least 80, or atleast 80, or at least
9% weight percent, based on the {olal weight of the stream. The debutanizer
bottoms stream may be sent for further separation, processing, storage, sale or
use. In one embodiment or in combination with any of the mentioned
embodiments, the overhead stream from the debutanizer, or the C4s, can be
subjected to any conventional separation methods such as exiraction or
distillation processes {0 recover a more concentrated stream of butadiene.

{0481]In one embodiment or in combination with any of the mentioned
embodiments, at least one stream in the cracker facility 70 can have a recycle
content of at least 1, at least 5, at least 10, at least 15, at least 20, at least 25,
at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, at least
60, at least 65, at least 70, at least 75, at least 80, at least 85, at least 80, or at

least 95 weight percent, based on the total weight of the stream.

Partial Oxidation {(POX) Gasification Facliity

{04821 in one embodiment or in combination with any of the mentioned
embodiments, the chemical recycling facility may also comprise a partial
oxidation (POX) gasification faciity 50. As used herein, the term “partial
oxidation” refers to high temperature conversion of a carbon-containing feed
into syngas (carbon monoxide, hydrogen, and carbon dioxide), where the
conversion is carried out in the presence of a less than stoichiometric amount
of oxygen. The feed to POX gasification can include solids, liquids, andior
gases. A “parlial oxidation gasification facility” is a facility that includes all
equipment, lines, and conirols necessary to carry out POX gasification of waste

plastic and feedstocks derived thersfrom.
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{84831 Turning now to FIG. 8, a schematic diagram of a POX gasification facility
50 suitable for use In a chemical recycling facility according one or more
embodiments is provided. As shown in FIG. 8, a feed stream 124 may be
introduced into a POX gaslification facility 50, wherein at least a portion of the
feed may be converted to syngas in the presence of less than a stoichiometric
amount of oxygen. In one or more embadiments generally shown in FIG. 8, the
feed stream to the POX gasification facility 50 may comprise one or more of {i)
a PQ-enriched waste plastic 104, (i) a solidification particle-coniaining stream
or melt 114, (ill} at least one solvolysis coproduct stream 110, (iv) a pyrolysis
gas stream 118, {v) a pyrolysis oil stream 120, {vi) a pyrolysis residue stream
122, or {(vii} a stream of non-plastic, non-soluble components. In one
embodiment or in combination with any of the mentioned embodiments, one or
more of these streams may be introduced into the POX gasification facility 50
continuously or one or more of these streams may be introduced intermittently.
When mulliple types of feed streams are present, each may be introduced
separately, or all or a portion of the sireams may be combined so that the
combined stream 124 may be introduced into the POX gasification facility 50,
The combining, when present, may take place in a continuous or batch manner.
{0484]in one embodiment or in combination with any of the mentioned
embodiments, the feed stream 124 to the POX gasification facility 50 can
comprise at least 1, at least 5, at least 10, at ieast 15, at least 20, at least 25,
at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, at least
60, at least 65, at least 70, at least 75, at least 80, ai least 85, at least 80, or at
least 95 weight percent of one or more solvolysis coproduct streams, based on
the total weight of the feed stream introduced into the POX gasification facility
50.

{3465] Additionally, or in the alternative, the feed stream {o the POX gasification
facility 50 can comprise not more than 85, not more than 80, not more than 85,
not more than 80, not more than 75, not more than 70, not more than 65, not
more than 60, not more than 55, not more than 50, not more than 45, not more

than 40, not more than 35, not mora than 30, not more than 25, not more than
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20, not more than 15, not more than 10, not more than 5, not more than 2, or
not more than 1 weight percent of one or more solvolysis coproduct streams,
based on the ifotal weight of the feed stream introduced into the POX
gasification facility 50, or it can include an amount in the range of from 1 to 95
weight percent, 5 to 80 weight percent, 20 to 80 weight percent, or 30 {0 70
weight percent, based on the total weight of the stream.

{64681 The solvolysis coproduct stream 110 introduced into the POX
gasification facility 50 may have a total recycle content of at least 1, at least 5,
at least 10, at least 15, at least 20, at least 25, at least 30, at least 35, at least
40, at least 45, at least 50, at least 55, at least 60, al least 65, at least 70, at
lzast 75, at least 80, at lsast 85, atleast 90, or at least 85 weight percent, based
on the total weight of solvolysis coproduct stream 110 introduced into the POX
gasification facility 50.

{0487} In one embodiment or in combination with any of the mentioned
embodiments, the feed stream 124 o the POX gasification facility 50 can
comprise at least 1, atleast 5, at least 10, at least 15, at least 20, at least 25,
at least 30, at least 35, gt least 40, af least 45, at least 50, at least 55, at least
60, at least 65, at least 70, at least 75, at least 80, at least 85, at least 80, or at
least 95 weight percent of pyrolysis ol from the pyrolysis oil stream 120, based
on the total weight of the feed stream 124 introduced into the POX gasification
facility 50.

[0468] Additionally, or in the alternative, the feed stream 124 to the POX
gasification facility 50 can comprise not more than 85, not more than 80, not
more than 85, not more than 80, not more than 75, not more than 70, not more
than 65, not more than 60, not more than 55, not more than 50, not more than
45, not more than 40, not more than 35, not more than 30, not more than 25,
not more than 20, not more than 15, not more than 10, not more than 5, not
more than 2, or not more than 1 weight percent of pyrolysis oil from stream 120,
based on the folal weight of the feed stream 124 introduced into the POX

qasification facility 50, or it can include an amount in the range of from 1 1o 85
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weight percent, 5 to 90 weight percent, 20 to 80 weight percent, or 30 to 70
weight percent, based on the tofal weight of the stream.

{3463} The pyrolysis oil stream 120 introduced into the POX gasification facility
50 may have a total recycle content of at least 1, at least 5, at least 10, at least
15, at least 20, at least 25, at least 30, at least 35, at least 40, at least 45, at
least 50, atleast 55, at least 80, at least 85, atleast 70, at least 75, at least 80,
at least 85, at least 80, or at least 95 weight percent, based on the total weight
of pyrolysis oil stream 120 introduced into the POX gasification facility 50.
{0470}in one embodiment or in combination with any of the mentioned
embodiments, the feed stream 124 to the POX gasification facility 50 can
comprise at least 1, atleast 5, at least 10, at least 15, at least 20, at least 25,
at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, at least
60, at least 65, at least 70, at least 75, at least 80, at least 85, at least 84, or at
least 85 weight percent of pyrolysis residue from the pyrolysis residue stream
122, based on the total weight of the feed stream 124 introduced into the PCOX
gasification facility 50.

{347 1] Additionally, or in the allernative, the feed siream 124 o the POX
gasification facility 50 may comprise not more than 85, not more than 90, not
more than 85, not more than 80, not more than 75, not more than 70, not more
than 65, not more than 80, not more than 55, not more than 50, not more than
45, not more than 40, not more than 35, not more than 30, not more than 25,
not more than 20, not more than 15, not more than 10, not more than 5, not
more than 2, or not more than 1 weight percent of pyrolysis residue from stream
122, based on the iotal weight of the feed stream 124 introduced into the POX
gasification facility 50, or it can include an amount in the range of from 1 1o 85
weight percent, 5 to 80 weight percent, 20 to 80 weight percent, or 30 to 70
weight percent, based on the total weight of the stream.

{04721 The pyrolysis residue stream 124 infroduced into the POX gasification
facility 50 may have a total recycle content of at least 1, at least §, at least 10,
at least 15, at least 20, at least 25, al least 30, at least 35, at least 40, at least

45, at least 50, at least 55, at least 60, at least 65, at least 70, at least 75, at
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least 80, at least 85, at least 80, or at least 95 weight percent, based on the
total weight of pyrolysis residue stream 124 introduced into the POX gasification
facility 50. The pyrolysis residue may be in the form of solids, a meli, or a slurry.
{04731 As also shown in FIG. 8, In one embodiment or in combination with any
of the mentioned embodiments, the feed stream 124 to the POX gasification
facility 50 can comprise at least 0.25, atleast 0.5, atleast 1, at least 5, at least
10, at least 15, at least 20, at leasi 25, at least 30, at least 35, at least 40, at
least 45, and/or not more than 80, not more than 75, not more than 70, notmore
than 65, not more than 60, not more than 55, not more than 50, not more than
45, not more than 40, not more than 35, not more than 30, not more than 25,
not more than 20, not more than 15, not more than 10, not more than 5, or not
more than 3 weight percent of a stream 105a of non-plastic, non-soluble
components withdrawn from the pre-processing facility 2C shown in FIG. 1,
based on the total weight of the feed stream 124 introduced into the POX
gasification facility 50, or it can include an amount in the range of from 1 to 80
weight percent, 5 to 75 weight percent, or 5 to 25 weight percent, based on the
total weight of the stream.

{0474] Additionally, or in the alternative, the feed stream 124 to the FPOX
gasification facility 50 may comprise not more than 85, not more than 90, not
more than 85, not more than 80, not more than 75, not more than 70, not more
than 65, not more than 60, not more than 55, not more than 59, not more than
45, not more than 40, not more than 35, not more than 30, not more than 25,
not more than 20, not more than 15, not more than 10, not more than 5, not
more than 2, or not more than 1 weight percent of non-plastic, non-soluble
components, based on the total weight of the feed stream 124 introduced into
the POX gasification facility 50,

{04751 The sitream 108a of non-plastic, non-scluble components 105z
infroduced into the POX gasification facility 50 may have a total recycle conient
of at least 1, atleast 5, at least 10, at least 15, al least 20, at least 25, at least
30, at least 35, at least 40, at least 45, at least 50, at {east 55, at least 60, at

least 65, at least 70, at least 75, at least 80, at least 85, at least 90, or at least
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85 weight percent, based on the total weight of pyrolysis residue stream 124
introduced into the POX gasification facility 50. The pyrolysis residue may be
in the form of solids, a melt, or a slurry.

{0476}in one embodiment or in combination with any of the mentioned
embodiments, the feed stream 124 to the POX gasification facility 50 can
comprise at least 1, at least 5, at least 10, at least 15, at least 20, at least 25,
af least 30, at least 35, at least 40, af least 45, at least 50, at least 55, af least
60, at least 65, at least 70, at least 75, at least 80, at least 85, at least 80, or at
least 95 weight percent of PO-enriched waste plastic from stream 104, based
on the total weight of the feed stream 124 introduced into the POX gasification
facility 50.

{0477} Additionally, or in the alternative, the feed stream 124 to the POX
gasification facility 50 may comprise not more than 85, not more than 90, not
more than 85, not more than 80, not more than 75, not more than 70, not more
than 65, not more than 80, not more than 55, not more than 50, not more than
45, not more than 40, not more than 35, not more than 30, not more than 25,
not motre than 20, not more than 15, not more than 10, not more than 5, not
more than 2, or not more than 1 weight percent of PC-enriched waste plastic,
based on the total weight of the fesd stream 124 introduced into the POX
gasification facility 50, or it can include an amount in the range of from 1 10 85
weight percent, 5 to 80 weight percent, 20 to 80 weight percent, or 30 to 70
weight percent, based on the total weight of the stream.

{04781 The PO-enriched waste plastic stream 104 introduced into the POX
gasification facility 50 may have a total recycle content of at least 1, at least 5,
at least 10, at least 15, at least 20, af least 25, at least 30, at least 35, af least
40, at least 45, at leagst 50, at least 55, at least 80, st least 65, at least 70, at
least 75, atleast 80, at least 85, atleast 90, or at least 95 weight percent, based
on the total weight of PO-enriched waste plastic introduced into the POX
gasification facility 50. The PC-enriched plastic siream may originate from the

pre-processing facility 20 of the chemical recycling facility 10 as shown in FIG.
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1 and/or from ancther source (not shown). The stream may be inthe formof
plastic melt, or in the form of particles, or a slurry.

{0479} in one embodiment or in combination with any of the mentioned
embodiments, the feed stream 124 o the POX gasification facility 50 can
comprise at least 1, at least 5, at least 10, at least 15, ai least 20, at least 25,
at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, at least
60, at least 85, at least 70, at least 75, at least 80, at least 85, at least 80, or at
least 85 weight percent of solids- containing stream and/or melt stream 114
from a solidification facility 40, based on the total weight of the feed stream 124
infroduced into the POX gasification facility 50.

{6480] Additionally, or in the alternative, the feed siream to the POX gasification
facility 50 may comprise not more than 85, not more than 80, not more than 85,
not maore than 80, not more than 75, not more than 70, not more than 65, not
more than 80, not more than 55, not more than 50, not more than 45, not more
than 40, not more than 35, not more than 30, not more than 25, not more than
20, not more than 15, not more than 10, not more than 5, not more than 2, or
not more than 1 weight percent of solids-containing stream and/or melt from a
solidification facility 40, based on the total weight of the feed stream 124
introduced into the POX gasification facility 50, or it can include an amount in
the range of from 1 {o 85 weight percent, & to 90 weight percent, 20 to 80 weight
percent, or 30 to 70 weight percent, based on the total weight of the stream.
{0481} The solids-containing and/or melt stream introduced into the POX
gasification facility 50 may have a total recycle content of at least 1, at least 5,
at least 10, at least 15, at least 20, at least 25, at least 30, at least 35, at least
40, at least 45, at least 50, at least 55, at least 60, at {east 65, at least 70, al
least 75, atleast 80, at least 85, atleast 80, or at Isast 85 weight percent, based
on the total weight of solids or melt stream 114 introduced into the POX
gasification facility 50. The solids-containing stream or melt may originate from
the solidification facility 40 as shown in FIG. 1 and/or from anocther source {(not

shown). In one embodiment or in combination with any of the mentioned
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embodiments, the solids-containing stream 114 may be in the form of a slurry
or solid particles.

{0482} in one embodiment or in combination with any of the mentioned
embodiments, a stream of PO-enriched waste plastic 104 can be combined
with one or more of the other streams including, for example, a coproduct
stream 110 from a solvolysis facility 30, a solids-containing 114 stream from a
solidification facility 40, and/or at least one stream {e.g., pyrolysis gas 118,
pyrolysis off 120, and pyrolysis residue 122 from a pyrolysis facility 60 to form
a combined stream 124.

{0483} The combined stream may include at least 5, at least 10, at least 15, at
least 20, atleast 25, at least 30, at least 35, at least 40, at least 45, at least 50,
at least 55, at least 60, at least 65, af least 70, at least 75, at least 80 weight
percent and/or not more than 89, not more than 8¢, not more than 85, not more
than 90, not more than 85, not more than 80, not more than 75, not more than
70, not more than 85, not more than 80, not more than 55, not more than 50,
not more than 45, or not more than 40 weight percent of PO or the PO-enriched
stream 104, based on the total weight of the combined stream, or it can include
an amount in the range of from & to 99 weight percent, 10 fo 90 weight percent,
15 o 85 weight percent, or 20 to 70 weight percent, based on the total weight
of the stream.

{6484] Additionally, or in the alternatively, the combined stream of PO-enriched
waste plastic 104 and at least one other process stream from a portion of the
chemical recycling facility 10 can comprises at least 1, at least 2, atleast 5, at
least 10, at least 15, at least 20, at least 25, at least 30 weight percent and/or
not more than 50, not more than 45, not more than 40, not more than 35, not
more than 30, not more than 25, not more than 20, not more than 15, not more
than 10, not more than 5, not more than 2, not more than 1 weight percent of
components other than polyolefin, based on the total weight of the feed stream,
or it can include an amount in the range of from 1 to 50 weight percent, 2 io 40
weight percent, or 5 {o 20 weight percent, based on the iotal weight of the

stream.
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{0485]in one embodiment or in combination with any of the mentioned
embodiments, the weight ratio of any one of the streams to another in the
combined stream can be at least 110, at least 1.9, atleast 1.8, at least 1.7, at
least 1:6, atleast 1:5, at least 1.4, at least 1:3, at least 1:2, atleast 1:1.5, or at
least 1:1 and/or not more than 10:1, not more than 8:1, not more than 8:1, not
more than 7:1, not more than 6.1, not more than 5:1, not more than 4:1, not
more than 3:1, not more than 2:1, not more than 1.5:1, or not more than 1:1, or
inthe range of rom 110 101, 1.5 0 51, aor 1210 2:1.

{3488] As generally shown in FIG. 8, the POX gasification facility 50 includes a
POX gasification reactor {or gasifier) 540. In one smbodiment or in combination
with any of the mentioned embodiments, the POX gasification unit may
comprise a gas-fed gasifier, a liguid-fed gasifier, or a solid-fed gasifier. More
particularly, In one embodiment or in combination with any of the mentioned
embodiments, the POX gasification unit may conduct lguidfed POX
gasification. As used herein, “lguid-fed POX gasification” refers to a POX
gasification process where the feed to the process comprises predominately
{by weight) components that are liquid at 25°C and 1 atm.

{04871 Additionally or alternatively, in one embodiment or in combination with
any of the mentioned embodiments, POX gasification unit may conduct gas-fed
POX gasification. As used herein, “gas-fed POX gasification” refers to a POX
gasification process where the feed to the process comprises predominately
{by weight) components that are gaseous at 25°C and 1 atm.

{0488 Additionally or alternatively, in one embodiment or in combination with
any of the mentioned embodiments, POX gasification unit may conduct solid-
fed POX gasification. As used herein, “solid-fed POX gasification” refers to a
POX gasification process where the feed to the process comprises
predorminately (by weight) components that are solid at 25°C and 1 atm.
{0488} Gas-fed, liquid-fed, and solid-fed POX gasification processes can be ¢o-
fed with lesser amounts of other components having a different phase at 25°C
and 1 atm. Thus, gas-fed POX gasifiers can be co-fed with liquids andfor

solids, but only in amounts that are less (by weight) than the amount of gasses
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fed to the gas-phase PQOX gasifier; liguid-fed PCX gasifiers can be co-fed with
gasses and/or solids, but only in amounts {(by weight) less than the amount of
liquids fed o the liquid-fed POX gasifier; and solid-fed POX gasifiers can be co-
fed with gasses andfor liquids, but only in amounts (by weight} less than the
amount of solids fed {o the solid-fed POX gasifier.

{04807 in certain embodiments, the {otal feed to a gas-fed POX gasifier can
comprise at least 60, at least 70, at least 80, at least 90, or at least 95 weight
percent of components that are gaseous at 25°C and 1 atm; the total feed fo a
liquid-fed POX gasifier can comprise at least 60, at least 70, atleast 80, at least
80, or at least 85 weight percent of componsents that are liquid at 25°C and 1
atm; and the total feed to a solid-fed PGX gasifier can comprise at least 60, at
least 70, at least 80, at least 80, or at least 95 weight percent of componenis
that are solids at 25°C and 1 atm.

{0491} The perticle size of any solid particles introduced into the POX
gasification facility is desirably not larger than the maximum size the gasifier in
use can accept. Many coal fed gasifiers can grind or mill the coal to a desired
size before feeding them to the gasification zone. Relying upon such grinding
or milling operations to achieve the desired solid particle size that are densified
by a heat treatment process may or may not be suitable since, in one or more
embodiments and depending on the feedstock, the elasticity or variability of
slasticity of the solids derived from waste plastics can lsad to pancaking,
platelet formation, or smearing during co-granulation or co-grinding with the
more hard and brittle carbonaceous fuel sources like coal or petroleum coke.
{0492 However, in one embodiment or in combination with any of the
mentioned embodiments, one or more of the above discussed streams
comprising solids can be fed to a solid fossil fuel milling or grinding operation
along with a solid fossil fuel to reduce the size of the particles. In one
embodiment or in combination with any of the mentioned embodiments, the
size of the particles fed to the mi#ll or grinder can be larger than the masximum
size the gasifier in use can accept or are larger than the average particle size

of the solid fossil fuel after milling or grinding or as fed to the gasifier, in each
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case as measured in the largest dimensions and as an average median particle
size. i desired, however, due to the variability in thermoplastic content and
types of polymers present in the solid particles, the particles can be of a size
not to exceed the maximum size the gasifier in use can accept, or not to exceed
or be smaller than the average target particle size of the solid fossiH fuel after
milling or grinding or as fed to the gasifier, in each case as measured in the
largest dimensions and as an average median particle size.

{0483] The actual particle size of the solid particles introduced o the gasifier
540 can vary with the type of gasifier used. For example, patticles having an
average patticle size of 1/4 inch or greatsr in their largest dimension cannot be
processed through an entrained flow coal gasifisr. However, fixed bed or
moving bed gasifiers can accept larger pasticle sizes. Examples of suitable
sizes of particles fed to a fixed bed or moving bed gasifier can be not more than
12 inches, or not more than 8 inches, or not more than 8 inches, or not more
than & inches, or not more than 4 inches, or not more than 3.75 inches, or not
more than 3.5 inches, or not more than 3.25 inches, or not more than 3 inches,
or not more than 2.75 inches, or not more than 2.5 inches, or not more than
2.25 inches, or not more than 2 inches, or not more than 1.75 inches, or not
more than 1.5 inches, or not more than 1.25 inches.

f34941In one embodiment or in combination with any of the mentioned
embodiments, the size can be atleast 2 mm, or at least 1/8 inches, or at least
Vs inches, or at least ¥z inches, or at least 1 inch, or at least 1.5 inches, or at
least 1.75 inches, or atleast 2 inches, or at least 2.5 inches, or at least 3 inches,
or at least 3.5 inches, or at least 4 inches, or at least 4.5 inches, or atleast §
inches, or at least 5.5 inches. Such relatively large particles may be better
suited for use in fixed or moving bed gasifiers, sspecially those that are updraft
fixed or moving bed gasifiers.

{04351 With many gasifier designs, the fossil fuel {coal or petcoke) and the
solids are size reduced for multiple purposes. The particles are of a small size
as is the fossil fuel source to (i) allow for faster reaction once inside the gasifier

due fo mass transfer limitations, {ii) to create a slurry that is stable, fluid and
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flowable at high concentrations of solids to water in slurry fed gasifiers, (i) to
pass through processing equipment such as high-pressure pumps, valves, and
feed injectors that have tight clearances, {iv}) to flow through screens between
the mills or grinders and the gasifier, or (v} {6 be conveyed with gases used for
conveying solid fossil fuels to dry fed gasifiers.

{0496}in one embodiment or in combination with any of the mentioned
embodiments, the size of the particles introduced into the gasifier are desirably
not more than 5 inches, or not more than 4 inches, or not more than 1 inch, or
not more than ¥4 inch, or not more than 2 mm. The larger sizes are useful for
addition to a fixed bed or moving bed gasifier, particularly in updraft gasifiers o
provide sufficient density to allow them {o contact the bed as a solid that has
not fully chaived or be converted to ash.

[04871in one embodiment or in combination with any of the mentioned
embodiments, the solids in the gasifier feedstock can have a particle size of 2
mm or smaller. This embodiment is particularly attractive o entrained flow
gasifiers, including dry feed and slurry fed gasifiers, and to fluidized bed
gasifiers. As used throughout, unless a different basis is expressed (e.g. a
mean}, a stated size means that at least 90 weight percent of the particles have
a largest dimension in the stated size, or alternatively that 90 weight percent
pass through sieve designated for that particle size. Either condition satisfies
the particle size designation. Solid particles sized larger than 2 mm for an
entrained flow gasifier have the potential for being blown through the
gasification zone of entrained flow gasifiers without completely gasifying,
particularly when the gasification conditions are established o gasify solid fossil
fuel having a particle dimension of 2 mm or smaller.

{6498]1in one embodiment or in combination with any of the mentioned
embodiments, the size of the solid particles as such or as combined with a fossil
fuel, or in the gasifier feed, or injected into the gasification zone, is 2 mm or
smaller or constitute those particles passing through a 10 mesh, or 1.7 mm or
smaller {those particles passing through a 12 mesh}, or 1.4 mm or smaller

{those particles passing through a 14 maesh), or 1.2 mm or smaller {those
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particles passing through a3 16 mesh), or 1 mm or smaller (those particles
passing through a 18 mesh), or 0.85 mm or smaller (those particles passing
through a 20 mesh), or 0.7 mim or smaller (those particles passing through a 25
mesh) or 0.6 mm or smaller (those particles passing through a 30 mesh}, or 0.5
mm or smaller {those particles passing through a 35 mesh), or 0.4 mm or
smaller {those particles passing through a 40 maesh), or 0.35 mm or smaller
{those particles passing through a 45 mesh), or 0.3 mm or smaller {those
particles passing through a 5C mesh), or 0.25 mm or smaller (those particles
passing through a 60 mesh), or 0.15 mm or smaller (those particles passing
through a 100 mesh), or 0.1 mm or smaller {thoss particles passing through a
140 mesh), or 0.07 mm or smaller (those particles passing through a 200
mesh), or 0.044 mm or smaller {those particles passing through a 325 mesh),
or 0.037 mm or smaller {those particles passing through a 400 mesh). In
another embodiment, the size of the densified textile aggregates particles is at
least 0.037 mm {or SCpercent retained on a 400 mesh).

{64991 in one embodiment or in combination with any of the mentioned
embodiments, the sclid particles introduced into the POX gasification facility 50
have a particle size that, after optlional sieving, is acceptable for gasifying within
the design parameters of the type of gasifier used. The particle sizes of the
particles and the solid fossit fuels can be sufficiently matched {o retain the
stability of the slurry and avoid separation at high solids concentrations prior to
entering the gasification zone in the gasifier. A feedstock compaosition that
phase separates, whether between solids/liquid or solid/solids in a slurry, or
solids/sclids in a dry feed, or solid/licuid in a Hquid feedstock, can plug lines,
created localized zones of gasified densified textile aggregales, create
inconsistent ratios of fossil fuel/densified textile aggregates, and can impact the
consistency of the syngas composition. Variables to consider for determining
the stability of the feedstock composition include setting an optimal particle size
of the particles, and variables for determining the optimal particle sizes include
the bulk density of the ground coal, the concentration of all solids in the slurry

if a slurry is used or the solid/solid concentration in a dry feed, the effectiveness
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of any additives employed such as surfactants/stabilizers/viscosity modifiers,
and the velocity and turbulence of the feedstock composition {o the gasifier and
through the injector nozzles.

{05001in one embodiment or in combination with any of the mentioned
embodiments, the maximum particle size of the solid particles derived from
mixed plastic waste can be selected to be similar {below or above) o the
maximum particle size of the ground solid fossii fuel. The maximum particle
size of the solid particles derived from mixed plastic waste used in the gasifier
foeedstock can be not more than 50 percent larger than the maximum solid fossil
fuel size in the gasifier feedstock, or not more than 45 percent, or not more than
40 percent, or not more than 35 percent, or not more than 30 percent, or not
more than 25 percent, or not more than 20 percent, or not more than 15 percent,
or not more than 10 percent, or not more than 5 percent, or not more than 3
percent, or not more than 2 percent, or not more than 1 percent larger than the
maximum solid fossil fuel size in the gasifier feedstock, or not larger than, or
smaller than the maximum solid fossil fuel size in the gasifier fesdstock.
Optionally, the maximum particle size of the solid particles derived from mixed
plastic waste used in the gasifier feedstock as stated above can be within
{meaning not larger than and not smaller than) the stated values. The
maximum particle size is not determined as the maximum size of the particle
distribution but rather by sieving through meshes. The maximum particle size
is determined as the first mesh which allows at {east 80 volume percent of a
sample of the particles {0 pass. For example, if less than 80 volume percent of
a sample passes through a 300 mesh, then a 100 mesh, a 50 mesh, a 30 mesh,
a 16 mesh, but succeeds at a 14 mesh, then the maximum pariicle size of that
sample is deemed o correspond to the first mesh size that allowed at least 80
volume percent {o pass through, and in this case, a 14 mesh corresponding o
a maximum particie size of 1.4 mm.

{6501}in one embodiment or In combination with any of the mentioned
embodiments, the feed stream to the gasifier 540 can include polyolefin flake

or particles having a particle size of at least 0.01, at least 0.025, at least 0.05,
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at least 0.075, at least 80.10, at least .25, at least 0.50 inches and/or not more
than 1, not more than 0.75, not more than 0.60, not more than 0.50 inches,
measured in the longest dimension, or it can be atleast 0.01 to 1 inch, 8.025 to
0.75 inches, or 0.05 to 0.6 inches. The shape of the particles can be flakes,
pelists, micropellets, and the shapes may be uniform or non-uniform.

{3502] The solid particles derived from mixed plastic waste can be isclated as
a solid feed for ultimate destination to be fed to a gasifier. In one embodiment
or in combination with any of the mentioned embodiments, at least 80 weight
percent, or at least 85 weight percent, or at least 80 weight percent, or at feast
95 weight percent, or af least 96 weight percent, or at least 87 weight percent,
or at least 98 weight percent, or at least 98 weight percent, or at least 995
weight percent, or 100 weight percent of ali solid feedstock other than solid
fossil fuels and sand fed to the gasifier can comprise solid particles derived from
mixed plastic waste, based on the cumulative weight of all streams containing
solids fed {o the gasifier.

{06503] The solid particles derived from mixed plastic waste can be combined
with one or more fossil fuel components of the feedstock stream at any location
prior to introducing the feedstock stream into gasification zone within the
gasifier. Solid fossil fuel grinding equipment can provide a source of energy for
mixing solid particles derived from mixed plastic waste with the solid fossil fusl
while reducing the size of the solid fossil fuel particles. Therefore, one of the
desirable locations for combining solid particles derived from mixed plastic
waste having a target size for feeding into the gasifier is into the equipment
used for grinding the other solid fossil fuel sources {e.g. coal, pet-coke). This
location is particularly attractive in a slurry fed gasifier because it is desirable {o
use a feed having the highest stable solids concentration possible, and at
higher solids concentration, the viscosity of the slurry is also high. The forque
and shear forces emploved in fossil fuel grinding eguipment is high, and
coupled with the shear thinning behavior of a solid fossil fuel (e.g. coal) slurry,
good mixing of the solid particles derived from mixed plastic waste with the

ground fossil fuel can be obtained in the fossil fuel grinding equipment.
162



10

15

20

25

30

WO 2021/163104 PCT/US2021/017342

{0504} Other locations for combining solid particles derived from mixed plastic
waste with fossil fuel sources can be onto the fossil fuel loaded on the main
fossit fuel belt feeding a mill or grinder, or oo the main fossil fuel before the
fossil fuel is loaded onto the belt to the mill or grinder, or into a fossi fuel slurry
storage tank containing a slurry of fossil fuel ground 1o the final size, particularly
if the storage tank is agitated.

{6505} in one embodiment or in combination with any of the mentioned
embodiments, when the gasification feed stream 124 comprises a liquid or a
sturry, it may include one or more liquids, including water, in the feedstock
stream in an amount of at least 10, or at least 15, or st least 28, or at least 25,
or at least 27, or at least 30 weight percent, based on the weight of the
feedstock stream. In one embodiment or in combination with any of the
mentioned embodiments, the liguids present in the feedstock stream may
contain at least 95, at least 96, at least 97, at least 98, or at least 89 weight
percent water, based on the weight of all liquids fed to the gasifier. in another
embodiment, other than chemical additives that are chemically synthesized and
contain oxygen or sulfur or nitrogen atoms, the liguid content of the feedstock
stream can be at least 96, at least 97, at least 88, or at least 99 weight percent
water, based on the weight of all liquids fed to the gasifier 540.

35061 In one embodiment or in combination with any of the mentioned
embodiments, the water present in the feedstock stream 124 is not wastewater,
or in other words, the water fed to the solids to make the feedstock stream is
not wastewater. Desirably, the water employed has not been industrially
discharged from any process for synthesizing chemicals, or it not municipal
wastewater. The water used to form the feed stream 124 may be fresh water,
or potable water.

{6507] The feedstock stream 124 may also comprise at least ground coal and
one or more other types of solids originating from one or more locations within
chemical recycling facility 10 as discussed previously. Desirably, the feedstock
stream 124 also comprises water., The amount of walter in the feedsiock siream

can range from 0 weight percent up to 50 weight percent, or from 10 weight
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percent {0 40 weight percent, or from 20 weight percent to 35 weight percent.
The feedstock stream may comprise a slurry containing water.

{(3508] In addition to coal, water, and plastics, other additives can be added to
and contained in the feadstock stream 124, such as viscosity modifiers and pH
modifiers. The {olal guantity of additives in feed stream 124 can range from
(.01 weight percent to 5 weight percent, ar from (.05 weight percent to 5 weight
percent, or from 0.05 to 3 weight percent, or from 0.5 to 2.5 weight percent,
based on the weight of the feedstock stream. The quantity of any individual
additive can also be within these stated ranges.

{0508] The viscosity modifiers {(which includes surfactants) can improve the
solfids concentration in the slurry. Examples of viscosity modifiers include alkyl-
substituted amine-based surfactant such as alkyl-substituted aminobutyric acid,
alkyl-substituted polyethoxviated amide, and alkyl-substituted polyvethoxylated
guaternary ammonium salt; and sulfates such as salts of organic sulfonic acids
including ammonium, calcium and sodium sulfonates, particulardy those with
lighin and sulfo-alkylated lignites; phosphate salts; and polyoxyalkylene anionic
or nonionic surfactants, and combinations thereof.

[05101More  specific sxamples  of alkyl-substituted amincbulyric  acid
surfactants include N-coco-beta-aminobutyric acid, N-tallow-beta-aminobutyric
acid, N-lauryl-beta-amincbulyric acid, and N-cleyl-beta-aminobutyric acid. N-
coco-beta-aminobutyric acid.

[0511]1More specific examples of alkyl-substituted polyethoxylated amide
surfactant include polyoxyethylene oleamide, polyoxyethviene tallowamide,
polyoxyethylene laurylamide, and polyoxyethylene cocoamide, with 5-50
polyoxysthylene moieties being present,

[65121More specific examples of the alkylsubstifuted polyethoxylated
quaternary ammonium salt surfactant include methylbis (2-hydroxyethyl)
cocoammonium  chioride, methylpolvoxyethylene cocoammonium  chioride,
methyibls (2-hydroxyethyl} olevlammonium chioride, methyipolyoxyethylene
oleylarnmonium chloride, methylbis (Z2-hydroxyethyl} octadecylammonium

chioride, and methylpolyoxyethylene octadecylammonium chioride.
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{0513} More specific examples of sulfonates include sulfonated formaldehyde
condensates, naphthalene sulfonate formaldehyde condensates, benzene
suifonate-phenol-formaldehyde condensates, and lingosulfonates.

{65141 More specific examples of phosphate salis include trisodium phosphate,
potassium phosphate, ammonium phosphate, sodium tripolyphosphate or
potassium tripolyphosphate.

{65158 Examples of polyoxyalkylene anionic or nonionic surfactants have 1 or
more repeating units derived from ethylene oxide or propylene oxide, or 1-200
oxyalkylene units.

{0518] Desirably, the surfactant is an anionic surfactant, such as salts of an
organic sulfonic acid. Examples are calclum, sodium and ammonium salts of
organic sulfonic acids such as 2,6-dihydroxy naphthalene sulfonic acid, lignite
sulfonic acid, and ammaonium lignosulfonate.

{0517} Examples of pH modifiers include agueous alkali metal and alkaline
earth hydroxides such as sodium hydroxide, and ammonium compounds such
as 20 to 50 weight percent aqueous ammonium hydroxide solutions. The
agueous ammonium hydroxide solution can be added directly o the feedstock
composition prior to entry inte the gasifier, such as in the coal grinding
equipment or any downstream vessels containing the slurry.

{(3518] The concentration of solids {e.q. Tossil fuel and plastic or solids derived
from plastic, when present} in the feedstock stream 124 should not exceed the
stability limits of the slurry, or the ability to pump or feed the feedstock at the
target solids concentration {o the gasifier. Desirably, the solids content of the
sturry should be at least 50 weight percent, or at least 55 weight percent, or at
least weight percent, or at least 62 weight percent, or at least 65 weight percent,
or at least 68 weight percent, or at least 68 weight percent, or at least 70 weight
percent, or at least 75 weight percent, the remainder being a liquid phase that
can include water and liquid additives. The upper limit is not particularly limited
because it is dependent upon the gasifier design. However, given the practical
pumpability imits of a solid fossil fuels feed and maintaining a homogeneous

distribution of solids in the slurry, the solids content for a solid fossil slurry fed
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slagging gasifier desirably should not exceed 75 weight percent, or 73 weight
percent, the remainder being a liquid phase that can include water and fiquid
additives {as noted above, gases are not included in the calculation of weight
percentages}.

{0519] The feedstock stream 124 to the POX gasifier is desirably stable at &
minutes, or even 10 minutes, or even 15 minutes, or even 20 minutes, or even
Y% hour, or even 1 hour, or even two hours, when it is in the form of a slurry.
{05201 A feedstock slurry may be considered stable if its initial viscosily is
100,000 cP or less. The initial viscosity can be obtained by the following
method. A 500-600 g of & well-mixed sampie is allowed io stand still in a 600
mb liter glass beaker at ambient conditions (2.9. 25°C and about 1 atm). A
Brookfield R/S Rheometer equipped with V80-40 vane operating at a shear rate
of 1.83/s is submerged into the slurry to the bottom of the beaker after the slurry
is well mixed (e.g. a homogeneous distribution of solids was formed). After a
designated period of time, a viscosily reading is obtained at the start of rofation,
which is the initial viscosity reading.

{6521] The slurry is considered to be stable if the initial reading on starting a
viscosity measurement is not more than 100,000 cP at the designated period
of time. Alternatively, the same procedure can be used with a Brookdield
viscomeater with an LV-2 spindle rotating at a rate of 0.5 rpm. Since different
viscosity value will be obtained using the different equipment, the type of
equipment used should be reported. However, regardless of the differences,
the slurry is considered stable under sither method only if its viscosity is not
more than 100,000 cP at the reported time.

{6522] The quantity of solids in the feedstock stream 124 and their particle size
are adjusted to maximize the solids content while maintaining a stable and
pumpable slurry. A pumpable slurry is one which has a viscosity under 30,000
¢P, or not more than 25,000 ¢P, or not more than 23,000 ¢P, and desirably not
more than 20,000 ¢, or not more than 18,000 ¢P, or not more than 15,000 cP,
or not more than 13,000 cP, in each case at ambient conditions (e.g. 25°C and

1 atm). In one embodiment or in combination with any of the menticned
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embodiments, the feaedstock stream 124 has a viscosity of at least 1000, at
least 2000, at feast 3000, at least 4000, at least 5000, at least 6000, at least
7000, at least 8000, at least 8000, or at least 10,000 cP. Alternatively, or in
addition, the feedstock stream 124 has a viscosity of not more than 10,000, not
more than 7500, not more than 5000, or not more than 4500 P, or it can be in
the range of 1000 to 10,000 P, or 2000 fo 7500 ¢P, or 3000 to 5000 cP.
{65231 At higher viscosities, the slurry becomes too thick to practically pump.
The viscosity measurement to determine the pumpability of the slurry is taken
by mixing a sample of the slurry until 2 homogeneous distribution of particles is
obiained, thereafter immediately submerging a Brookfield viscometer with an
LV-2 spindle rotating at a rate of 0.5 rpm into the well mixed slurry and taking a
reading without delay. Allermnatively, a Brookfield R/S rheometer with V80-40
vane spindle operating at a shear rate of 1.83/s can be used. The method of
measurement is reported since the measured values between the two
rheometers at their difference shear rates will generate different values.
However, the cP values stated above apply to either of the rheometer devices
and procedures.

{05241 In one embodiment or in combination with any of the mentioned
embodiments, the gasification feedstock stream 124 may have a density of at
least 58.5, at least 59, at least 59.5 pounds per cubic foot (Ib/#%) andfor not
more than 64, not more than 63.5, not more than 83, not more than 62.5, not
more than 62, not more than 61.5, not more than 61, or not more than 60.5
b/, or it can be 58.5 to 64 [b/ft3, 59 to 83.5 Ib/ft, or 5.5 to 63 tb/ftd,

{0525] In one embodiment or in combination with any of the mentioned
embodiments, the gasification feedstock stream 124 may have a density of at
least 72, at least 72.5, at least 73, af least 73.5, at least 74 pounds per cubic
foot (Ib/ft%) andfor not more than 78, not more than 75.5, not more than 75, or
not more than 74.5 Ib/ft>, or it can be 72 to 76 b/f°, 72.5t0 75.5 /%, or 73 to
75 Ib/ft®,

{35261 In one embodiment or in combination with any of the mentioned

embadiments, the gasification feedstock stream 124 may be introduced info a
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gasification reactor 540 along with the oxygen agent stream 152. In one
embodiment or in combination with any of the mentioned embodiments, the
feedstock stream 124 and the oxygen agent sitream 152 may be sprayed
through an injector into a pressurized gasification zone having, for example, a
pressure, typically at least 500, at least 600, at least 800, or at least 1,000 psig,
{(at least 35, at least 40, at least 55, or at least 70 barg).

{6527%in one embodiment or in combination with any of the mentioned
embodiments, the oxygen agent stream 152 comprises an oxidizing gas that
can include alr. More particularly, In one embadiment or in combination with
any of the mentioned embodiments, the oxygen agent stream 152 comprises a
gas enriched in oxygen at quantities greater than that found in air. In one
embodiment or in combination with any of the mentioned embodiments, the
axygen agent stream 152 comprises at least 25, at least 35, at least 40, at least
50, at least 60, at least 70, al least 80, at least 80, al least 95, at least 97, at
least 89, or at least 99.5 mole percent of oxygen based on all moles in the
oxygen agent stream 152 injected inte the reaction {combustion) zone of the
gasifier 540. The particular amount of oxygen supplied to the reaction zone
can be sufficient to obtain near or maximum vields of carbon monoxide and
hydrogen in the syngas obtained from the gasification reaction relstive to the
components in the feadstock stream, considering the amount relative to the
feedstock stream, and the amount of feedstock charged, the process
conditions, and the reactor design.

[05281In one embodiment or in combination with any of the mentioned
embodiments, steam (and/or water) is not supplied to the gasification zone.
Alternatively, In one embodiment or in combination with any of the mentioned
embodiments, steam and/or water may be supplied to the gasification zone, as
shown by stream 154 in FIG. 8,

{0528} Other reducible oxygen-containing gases in addition to the oxygen agent
stream 152 may be supplied to the reaction zone, for example, carbon dioxide,
nitrogen, or air. In one embodiment or in combination with any of the mentioned

embadiments, no gas stream enriched in carbon dioxide or nitrogen {e.g., no
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gas stream having an amount of carbon dioxide or nitrogen greater than the
molar quantity found in air, or at least 2, at least 5, at least 10, or at least 40
mole percent) is charged into the gasifier. When present, these gases may
serve as carrier gases to propel a feedstock to a gasification zone. Due {o the
pressure within the gasification zone, these carrier gases may be compressed
to provide the motive force for introduction into the gasification zone.

{6530] In one or more embodiments, 2 gas stream comprising at least 5, at least
10, at least 15, at least 20, at least 25 weight percent and/or not more than 50,
not more than 45, not more than 40, not more than 35, or not more than 30
weight percent of carrier gas, based on the total wsight of the stream, or it can
be in the range of from 5 to 50 weight percent, 10 to 45 weight percent, or 15
to 40 weight percent, based on the total weight of the stream.

{0531]In one embodiment or in combination with any of the mentioned
embodiments, no gas stream containing more than 0.01 or 0.02 mole percent
of carbon dioxide is charged to the gasifier or gasification zone 540,
Additionally, or alternatively, in one embodiment or in combination with any of
the mentioned embodiments, no gas stream containing more than 77, not more
than 70, not more than 50, not more than 30, not more than 10, not more than
5, or not more than 3 mole percent nitrogen is charged to the gasifier or
gasification zone. Furthermore, in one embodiment or in combination with any
of the mentioned embaodiments, a gaseous hydrogen-containing stream having
more than 0.1, not more than 0.5, not more than 1, or not more than 5 mole
percent hydrogen is not charged fo the gasifier or to the gasification zone.
Moreover, In one embodiment or in combination with any of the mentioned
embodiments, a stream of methane gas containing more than 0.1, not more
than 0.5, not more than 1, or not more than 5 mole percent methane is not
charged to the gasifier or to the gasification zone. In certain embodiments, the
only gaseous stream introduced to the gasification zong is the oxygen agent
stream 152, which is an oxygen-rich gas stream as described above.
{35321 As shown in Fi(5. 8, a stream of fossil fuel 156 may also be introduced

into the gasifier in addition to one or more of the cother process streams
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discussed herein. The fossil fuel stream may include one or more carbon-
based materials, including, but not limited to, natural gas, coal, petroleum coke,
petroleum oil, biomass, and combinations thereof. in one embodiment or in
combination with any of the mentioned embodiments, the fossil fuel stream in
line 156 can make up at least b, atleast 10, atleast 15, at least 20, at least 25,
at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, at least
60, at least 85, at least 70, at least 75, at least 80, at least 85, at least 80, or at
least 95 weight percent and/or not more than 99, not more than 85, not more
than 90, not more than 85, not more than 80, not more than 75, not more than
70, not more than 65, not more than 80, not more than 55, not more than 50,
not more than 45, not more than 40, not more than 35, not more than 30, not
more than 25, not more than 20, not more than 15, not more than 10, or not
more than 5 weight percent of the total feed introduced into the gasifier. This
may be the case whether the gasifier is a gas-fed, Hquid-fed, or solids-fed
gasifier.

{8533] The gasification process can be a partial oxidation gasification reaction,
as described previously. Generally, 1o enhance the production of hydrogen and
carbon monoxide, the oxidation process involves partial, rather than compiete,
oxidization of the gasification feedstock and, therefore, may be operated in an
oxygen-lean environment, relative to the amount needed to completely oxidize
100 percent of the carbon and hydrogen bonds. In one embodiment or in
combination with any of the mentioned embodiments, the total oxygen
requirements for the gasifier may be at least &, at least 10, at least 15, or at
least 20 percent in excess of the amount theoretically required to convert the
carbon content of the gasification feedstock to carbon monoxide. In general,
satisfactory operation may be obtained with a total oxygen supply of 10 to 80
percent in excess of the theoretical requiterments. For example, examples of
suitable amounts of oxygen per pound of carbon may be in the range of 0.4 {o
3.0 free oxygen per pound of carbon, 0.6 to 2.5 free oxygen per pound of
carbon, 0.9 to 2.5 free oxygen per pound of carbon, or 1.2 {o 2.5 pounds free

axygen per pound of carbon.
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{6534]Mixing of the feedstock stream 124 and the oxygen agent stream 152
may be accomplished entirely within the reaction zone by introducing the
sgparate streams of feedstock and oxygen agent so that they impinge upon
each other within the reaction zone. In one embodiment or in combination with
any of the mentioned embodiments, the oxygen agent stream 152 is introduced
into the reaction zone of the gasifier 540 at a high velocity to both exceed the
rate of flame propagation and o improve mixing with the feedstock stream 124.
In one embodiment or in combination with any of the mentioned embodiments,
the oxygen agent stream 126 may be injected into the gasification zone of the
reactor 540 at a velocily in the range of 25 {o 500 feet per second, 50 to 400
fest per second, or 100 to 400 feet per second. These values would be the
velocity of the gaseous oxygen agent stream 152 at the injector-gasification
zone interface, or the injector tip velocity.

{3538}in one embodiment or in combination with any of the mentioned
embodiments, one or both of the gasification feedstock stream 124 and the
oxygen agent stream 152 can optionally be preheated to a temperature of at
least 200°C, at least 300°C, or at least 400°C. However, the gasification
process employed does not require preheating the feedstock stream 124 to
efficiently gasify the feedstock and a pre-heat treatment step may resul in
lowering the energy sfficiency of the process.

{0538]in one embodiment or in combination with any of the mentioned
embaodiments, the type of gasification technology employed may be a partial
oxidation entrained flow gasifier that generates syngas. This fechneology is
distinct from fixed bed {(alternatively called moving bed) gasifiers and from
fluidized bed gasifiers. An exemplary gasifier that may be used in depicted in
U.8. Patent No 3,544,291, the entire disclosure of which is incorporated herein
by reference {o the extent not inconsistent with the present disclosure.
{05371In one embodiment or in combination with any of the mentioned
embodiments, the gasifier 540 can be non-catalytic, meaning that the gasifier
540 does not coniain a catalyst bed and the gasification process is non-

catalytic, meaning that a catalyst is not infroduced into the gasification zone as
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a discrete unbound catalyst. Furthermore, In one embodiment or in
combination with any of the mentioned embodiments, the gasification process
may not be a slagging gasification process; that is, it is not operated under
slagging conditions {well above the fusion temperature of ash) such that a
molien slag is formed in the gasification zone and runs along and down the
refractory walls.

{6538}in one embodiment or in combination with any of the mentioned
embodiments, the gasification zone, and optionally all reaction zones in the
gasifier 540, may be operated at a temperature of at least 1000°C, at least
1100°C, at least 1200°C, at least 1250°C, or at least 1300°C and/or not more
than 2500°C, not more than 2000°C, not more than 1800°C, or not more than
1600°C, or it can be in the range of from 1000 1o 2500°C, or 1200 to 2000°C,
or 1256 to 1600°C. In one embodiment or in combination with any of the
mentioned embodiments, the reaction temperature may be aulogenous.
Advantageously, in one embodiment or i combination with any of the
mentioned embodiments, the gasifier operating in steady state mode may be
at an autogenous temperature and does not require application of external
energy sources {o heat the gasification zone.

{053¢8}in one embodiment or in combination with any of the mentioned
embodiments, the gasifier 540 is a predominately gas fed gasifier.

{0548}in one embodiment or in combination with any of the mentioned
embodiments, the gasifier 540 is a non-slagging gasifier or operated under
conditions not to form a slag.

{6541}in one embodiment or in combination with any of the mentioned
embodiments, the gasifier 540 may not be under negative pressure during
operations, but rather can be under positive pressure during operation. As used
herein, “negative pressure” refers to a pressure less than atmospheric, and
“nositive pressure” refers 1o a pressure above atmosphsric.

{06542} in one embodiment or In combination with any of the mentioned
embodiments, the gasifier may be operated at a pressure within the gasification

zone {or combustion chamber) of at least 200 psig (1.38 MPa), atleast 300 psig
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{2.06 MPa), at least 350 psig {2.41 MPa), at least 400 psig (2.76 MPa), at least
420 psig (2.88 MPa), atleast 450 psig (3.10 MPa), atleast 475 psig (3.27 MPa),
at least 500 psig (3.44 MPa), at least 550 psig (3.78 MPa), at least 600 psig
{4.13 MPa), at least 650 psig {(4.48 MPa), at least 700 psig (4.82 MPa), at least
750 psig (5.17 MPa), at least 800 psig (5.51 MPa), at least 800 psig (6.2 MPa),
at least 1000 psig (6.89 MPa), at least 1100 psig (7.58 MPa), or at least 1200
psig (8.2 MPa).

{(3543] Additionally or alternatively, in ons embodiment or in combination with
any of the mentioned embodiments, the gasifier may be operated at a pressure
within the gasification zone {or combustion chamber} of not more than 1360
psig (8.86 MPa), not more than 1250 psig (8.61 MPa}, not more than 1200 psig
{8.27 MPa), not more than 1150 psig (7.92 MPa), not more than 1100 psig (7.58
MPa), not more than 1050 psig (7.23 MPa), not more than 1000 psig {6.89
MPa}, not more than 900 psig (6.2 MPa), not more than 800 psig (5.51 MPa),
or not more than 750 psig (5.17 MPa). Examples of suilable pressure ranges
include 400 to 1000 psig, 425 to 800 psig, 450 to 900 psig, 475 to 800 psig, 500
to 900 psig, 550 to 800 psig, 600 to 800 psig, 650 to 800 psig, 400 to 800 psig,
425 to 800 psig, 450 to 800 psig, 475 to 800 psig, 500 to 800 psig, 550 o 800
psig, 600 o 800 psig, 650 to 800 psig, 400 to 750 psig, 425 to 750 psig, 450 to
750 psig, 475 to 750 psig, 500 o 750 psig, or 550 to 750 psig.

{0544] Generally, the average residence time of gases in the gasifier reactor
540 can be very short {0 increase throughput.  Since the gasifier may be
operated at high temperature and pressure, substantially complete conversion
of the feedstock to gases can occur in a very short time frame. In one
embodiment or in combination with any of the mentioned embodiments, the
average residence time of the gases in the gasifier can be not more than 30,
not more than 25, not more than 20, not more than 15, not more than 10, or not
more than 7 seconds.

{05451 To avoid fouling downstream equipment from the gasifier 540, and the
piping in-between, the resulling syngas stream 126 may have a low or no tar

content.  In one embodiment or in combination with any of the mentioned
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embodiments, the syngas stream 126 discharged from the gasifier 540 may
comprise not more than 4, not more than 3, not more than 2, not more than 1,
not more than 0.5, not more than 0.2, not more than 0.1, or not more than 0.01
weight percent of tar based on the weight of all condensable solids in the
syngas stream. For purposes of measurement, condensabile solids are those
compounds and elements that condense at a temperature of 15°C and 1 atm.
Examples of tar products include naphthalenes, cresols, xylenols, anthracenes,
phenanthrenes, phenols, benzene, toluene, pyridine, catechols, biphenyis,
benzofurans, benzaldehydes, acenaphthylenes, fluorenes, naphthofurans,
benzanthracenes, pyrenes, acephenanthrylenes, benzopyrenes, and other
high molecular weight aromatic polynuclear compounds. The tar content can
be determined by GC-M3D.

{3548] Generally, the raw syngas stream 126 discharged from the gasification
vessel includes such gases as hydrogen, carbon monoxide, and carbon dioxide
and can include other gases such as methane, hydrogen sulfide, and nitrogen
depending on the fuel source and reaction conditions.

{0547} In one embodiment or in combination with any of the mentioned
embodiments, the raw syngas stream 126 (the stream discharged from the
gasifier and before any further treatment by way of scrubbing, shift, or acid gas
removal) can have the following compaosition in mole percent on a dry basis and
based on the moles of all gases (elements or compounds in gaseous state at
25°C and 1 atm) in the raw syngas stream 126:

» a hydrogen content in the range of 15 to 60 mole percent, 18 to 50 mole
percent, 18 to 45 mole percent, 18 to 40 mole percent, 23 to 40 mole
percent, 25 {0 40 mole percent, 23 to 38 mole percent, 29 to 40 mole
percent, 31 to 40 mole percent;

¢ a carbon monoxide content of 20 to 75 mole percent, 20 to 85 mole
parcent, 30 to 70 mole percent, 35 to 68 mole percent, 40 {o 68 mole
percent, 40 to 60 mole percent, 35 to 55 mole percent, or 40 to 52 mole

percent;
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» a carbon dioxide content of 1.0 to 30 mole percent, 2 to 25 mole percent,
2 to 21 mole percent, 10 to 25 mole percent, or 10 to 20 mole percent;
¢+ a water content of 2.0 1o 40 mole percent, 5 {o 35 mole percent, 5 to 30
mole percent, or 10 to 30 mole percent;
= a methane content of 0.0 to 3¢ mole percent, 0.01 to 15 mole percent,
0.01 to 10 mole percent, 0.01 to 8 mole percent, 8.01 to 7 mole percent,
0.01 to 5 mole percent, 0.01 to 3 mole percent, 0.1 {0 1.5 mole percent,
or 8.1 to 1 mole percent;
¢« a Hz& content of 0.01 to 2.0 mole percent, 0.05 to 1.5 mole percent, (.1
to 1 mole percent, or 0.1 to 0.5 mole percent;
¢ a COS content of 0.05 to 1.0 mole percent, 0.05 to 0.7 mole percent, or
0.05 to 0.3 mole percent;
¢ a sulfur content of 0.015 to 3.0 mole percent, 0.02 to 2 mole percent,
0.05 to 1.5 mole percent, or 0.1 to 1 mole percent; and/or
¢ anitrogen content of 0.0 {o 5 mole percent, 0.005 to 3 mole percent, 0.01
to 2 mole percent, 0.005 to 1 mole percent, 0.005 to 0.5 mole percent,
or 4.005 to 0.3 mole percent.
{05481In one embodiment or in combination with any of the mentioned
embodiments, the syngas stream 126 comprises a molar hydrogen/carbon
monoxide ratio of at least 0.65, at least 0.68, atleast 0.70, atleast 0.73, atleast
(.75, at least 0.78, at least (.80, at least 0.85, at least 0.88, at least 0.90, at
least 0.93, at least 0.95, at least 0.98, or at least 1. The gas components can
be determined by FID-GC and TCD-GC or any other method recognized for
analyzing the components of a gas stream.
{6548}in one embodiment or in combination with any of the mentioned
embodiments, the syngas stream 126 can be a recycle content syngas (r-
syngas) and can have a recycle content of at least 1, at least 5, at least 10, at
least 15, at least 20, at least 25, at least 30, at least 35, at least 40, st least 45,

at least 50, at least 55, at least 60, al least 85, at least 70, at least 75, at least
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80, at least 85, at least 90, at least 95, or at least 98 weight percent, based on

the fotal weight of the syngas stream.

Energy Generation/Production Facllity

{05501 Turning again to FIG. 1, In one embodiment or in combination with any
of the mentioned embodiments, the chemical recycling facility 10 may also
comprise an energy generationfproduction facility 80. As used herein, an
“energy generation/production facility 807 is a facility that generates energy {i.e.,
thermal energy) from a feedstock 132 via chemical conversion {e.q.,
combustion) of the feedstock.

{65511 Turning now to FIG. 8, a schematlic diagram of an ensrgy
generation/production facility 80 suitable for use in a chemical recycling facility
according to one or more embodiments is provided. As shown in FIG. 9, the
feed stream introduced into the energy generation/production facility 80 may
comprise one or more of {i} a PO-enriched wasts plastic stream 104, (i) s
sofids-containing particle  or melt stream 114, (iil} at least one solvolysis
coproduct stream 110, (iv) a stream of pyrolysis gas 118, {v} a stream of
pyrolysis ol 120, {(vi)a stream of pyrolysis residue 122; and {vii) a stream of
heavies {e.g., C5+) from the cracker facility 70. In one sembodiment or in
combination with any of the mentioned embodiments, one or more of these
streams (i} through (vii) may be introduced inio the energy
generation/production facility 80 continuously or one or more of these streams
may be introduced intermittently.  When multiple types of feed streams are
present, each may be introduced separately, or all or a portion of the streams
may be combined so that the combined siream may be introduced into the
energy generation/production facility 80. The combining, when present, may
take place in a continuous or batch manner.

{0552} in one embodiment or in combination with any of the mentioned
embodiments, the feed stream 132 o the energy generation/production faciity
80 can comprise at least 1, at least 5, at least 10, at least 15, at least 20, at

least 25, at least 30, atleast 35, atleast 40, at least 45, at least 50, at least 55,
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at least 60, at least 65, at least 70, at least 75, at least 80, at least 85, at least
90, or at least 85 weight percent of at least one solvolysis coproduct stream
110, based on the total weight of the feed stream introduced into the energy
generation/production facility 80.

[0553] Additionally, or in the ailternative, the feed stream {0 the energy
generation/production facility 80 can comprise not more than 95, not more than
90, not more than 85, not more than 80, not more than 75, nof more than 70,
not maore than 65, not more than 60, not more than 55, not more than 50, not
more than 45, not more than 40, not more than 35, not more than 30, not more
than 25, not more than 20, not more than 15, not more than 10, not more than
5, not more than 2, or not more than 1 weight percent of at least one solvolysis
coproduct stream 110, based on the total weight of the feed stream introduced
into the energy generation/production facility 80, or it can be in the range of
from 1 to 95 weight percent, 5 to 80 weight percent, 10 to 85 weight percent,
20 to 70 weight percent, or 30 to 60 weight percent, based on the iotal weight
of the stream.

{0554} The solvolysis coproduct stream 110 introduced into the energy
generation/production facility 80may have a total recycle content of at least 1,
at least 5, at least 10, at least 15, at least 20, at least 25, at least 30, at least
35, at least 40, at least 45, at least 50, at least 55, at {east 60, at ieast 85, at
least 70, at least 75, at least 80, at least 85, at least 90, or at least 95 weight
percent, based on the total weight of solvolysis coproduct stream 110
introduced into the energy generation/production facility 80.  As discussed
previously, the solvolysis coproduct stream 110, when present, can include one
or more of the solvolysis coproducts withdrawn from the solvolysis facility 30,
{6555}in one embodiment or in combination with any of the mentioned
embodiments, the feed stream 132 to the energy generation/production facility
80can comprise atleast 1, at least 5, at least 10, at least 15, atleast 20, at least
25, at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, at
least 60, at least 65, at least 70, at least 75, at least 80, at least 85, at ieast 80,

or at least 85 weight percent of pyrolysis ol from a pyrolysis ofl stream 120,
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based on the fotal weight of the feed stream introduced into the energy
generation/production facility 80.

{(3556] Additionally, or in the alternative, the feed stream 132 fo the ensrgy
generation/production facility 80 can comprise not more than 95, not more than
30, not more than 85, not more than 80, not more than 75, not more than 70,
not more than 85, not more than 80, not more than 55, not more than 50, not
more than 45, not more than 40, not more than 35, not more than 30, not more
than 25, not more than 20, not more than 15, not more than 10, not more than
§, not more than 2, or not more than 1 weight percent of pyrolysis oil, based on
the total weight of the feed stream 132 introduced into the energy
generation/production facility 80, or it can be present in the range of from 1 {o
45 weight percent, 5 to 80 weight percent, 10 to 85 weight percent, 20 to 70
weight percent, or 30 o 60 weight percent, based on the total weight of the
siream.

[05571The pyrolysis ol stream 120 introduced into the energy
generation/production facility 80 may have a total recycle content of at least 1,
at least 5, at least 10, al least 15, at least 20, at least 25, at least 30, at least
35, at least 40, at least 45, at least 50, at least 55, at least 60, at least 65, at
least 70, at least 75, at least 80, at least 85, at least 80, or at least 895 weight
percent, based on the total weight of pyrolysis oil stream 120 introduced into
the energy generation/production facility 80.

[0558]in one embodiment or in combination with any of the mentioned
embodiments, the feed stream 134 to the energy generation/production facility
80 can comprise at least 1, at least 5, at least 10, at least 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at least 45, at least 50, at least 55,
at least 60, at least 65, at least 70, at least 75, at least 80, at least 85, at least
80, or at least 85 weight percent of pyrolysis residue from a pyrolysis residue
stream 122, based on the total weight of the feed stream 132 introduced into
the energy generation/production facility 80.

{3559 Additionally, or in the alternative, the feed stream 132 to the energy

generation/production facility 80 may comgprise not mors than 95, not more than
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90, not more than 85, not more than 80, not more than 75, not more than 70,
not more than 85, not more than 60, not more than 55, not more than 50, not
more than 45, not more than 40, not more than 35, not more than 30, not more
than 25, not more than 20, not more than 15, not more than 10, not more than
&, not more than 2, or not more than 1 weight percent of pyrolysis residue,
based on the total weight of the feed stream 132 introduced into the energy
generation/production facility 80, or it can be in the range of from 1 to 85 weight
percent, 5 o 80 weight percent, 10 to 85 weight percent, 20 to 70 weight
percent, or 30 to 60 weight percent, based on the total weight of the stream.
{05801 The pyrolysis residue stream 122 introduced into the energy
generation/production facility 80 may have a total recycle content of at least 1,
at least 5, at least 10, at least 15, at least 20, at least 25, at least 30, at least
35, at least 40, at least 45, at least 50, at least 55, at least 60, at least 65, at
least 70, at least 75, at least 80, at least 85, at least 90, or at least 85 weight
percent, bassed on the total weight of pyrolysis residue stream 122 introduced
into the energy generation/production facility 80. The pyrolysis residue may be
in the form of solids, a melt, or a slurry.

{05611 In one embodiment or in combination with any of the mentioned
embodiments, the feed stream 132 to the energy generation/production facility
80 can comprise at least 1, at least 5, at least 10, at least 15, at least 20, at
least 25, at least 30, at least 35, atleast 40, at least 45, at least 50, at least 55,
at least 60, at least 65, at least 70, at least 75, at least 80, at least 85, at least
890, or at least 95 weight percent of PO-enriched waste plastic from a PO-
enriched waste plastic stream 104, based on the total weight of the feed stream
132 introduced into the energy generation/production facility 80.

{3562} Additionally, or in the alternative, the feed stream 132 {o the ensergy
generation/production facility 80 may comprise not more than 95, not more than
34, not more than 85, not more than 80, not more than 75, not more than 70,
not more than 65, not more than 80, not more than 55, not more than 50, not
more than 45, not more than 40, not more than 35, not more than 30, not more

than 25, not more than 20, not more than 15, not more than 10, not more than
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5, not more than 2, or not more than 1 weight percent of PO-enriched waste
plastic, based on the total weight of the feed stream 132 introduced into the
energy generation/production facility 80, or it can be in the range of from 1 fo
85 welght percent, 5 to 90 welght percent, 10 to 85 weight percent, 20 to 70
weight percent, or 30 to 60 weight percent, based on the total weight of the
stream.

{65631 The PU-enriched waste plastic stream 104 introduced into the energy
generation/production facility 80 may have a {otal recycle content of at least 1,
at least 5, at least 10, at least 15, at least 20, at least 25, at least 30, at least
35, at least 40, at least 45, at least 50, af least 55, al least 60, at least 65, at
least 70, at least 75, at least 80, at least 85, at least 80, or at least 95 weight
percent, based on the total weight of PC-enriched waste plastic stream 104
introduced into the energy generation/production facility 80, The PO-enriched
plastic siream 104 may originate from the pre-processing facility 20 as shown
in FIG. 1 or from ancther source {(not shown). The stream 104 may be in the
form of a plastic melt, or in the form of particles or slurry.

{0584} In one embodiment or in combination with any of the mentioned
embodiments, the feed stream 132 to the energy generation/production facility
80 can comprise at least 1, at least 5, at least 10, af least 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at least 45, at least 50, at least 55,
at least 60, at least 65, at least 70, at least 75, at least 80, at least 85, at least
80, or at least 95 weight percent of a solids-containing stream 114 comprising
solids or a melt from a solidification facility 40, based on the total weight of the
feed stream 132 introduced into the energy generation/production facility 80.
{G6565] Additionally, or in the alternative, the feed stream 132 to the energy
generation/production facility 80 may comprise not more than 85, not more than
a0, not more than 85, not more than 80, not more than 75, not more than 70,
not more than 65, not more than 60, not more than 55, not more than 50, not
more than 45, not more than 40, not more than 35, not more than 30, not more
than 25, not more than 20, not more than 15, not more than 10, not more than

5, not more than 2, or not more than 1 weight percent of a solids-containing
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strearn 114 including solids or melt from a solidification facility 40, based on the
total weight of the feed stream 132 introduced intc the energy
generation/production facility 80, or it can be in the range of from 1 to 85 weight
percent, 5 to 80 weight percent, 10 to 85 weight percent, 20 to 70 weight
percent, or 30 to 80 weight percent, based on the {otal weight of the stream.
{3586] The solids-containing stream 114 introduced into the energy
generation/production facility 80 may have g total recycle content of at least 1,
at least 5, at least 10, at least 15, at least 20, atf least 25, at least 30, at least
35, at least 40, af least 45, at least 50, at least 55, at least 60, at least 65, at
least 70, at lsast 75, at least 80, at least 85, at least 80, or at least 85 weight
percent, based on the {otal weight of solids or melt from a solidification facility
40 introduced into the energy generation/production facility 80. The solids-
containing stream 114 may originate from the solidification facility 40 as shown
in FIG. 1 or from another source {(not shown). In one embodiment or in
combination with any of the mentioned embodiments, the sclids-containing
stream 114 may be in the form of a slurry.

{6587} In one embodiment or in combination with any of the mentioned
embodiments, the weight ratio of any one of the streams o ancther in the
combined stream can be atleast 1:10, at least 1:9, at least 1:8, at least 1.7, at
least 1.8, at least 1:5, at least 1:4, at least 1.3, at least 1.2, atleast 1:1.5, or ai
least 1:1 andfor not more than 10:1, not more than 8:1, not more than 8:1, not
more than 7:1, not more than 6.1, not more than 5:1, not more than 4:1, not
more than 3:1, not more than 2:1, not more than 1.5:1, or not more than 1:1, or
tcanbeintherange of 11100 1011, 15051, or 12 or 2:1.

{6568 Any type of energy generation/production facility 80 may be used. In
one embodiment or in combination with any of the mentioned embodiments,
the energy generation/production facility 80 may comprise at least one furnace
or incinerator. The incinerator may be gas-fed, liquid-fed, or solid-fed, or may
be configured to accept a gas, liquid, or solid.  In one embodiment or in
combination with any of the mentioned embodiments, the incinerator may be

configured or may accept combinations of solids, gases, and liquids. Specific
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examples of incinerators or furnaces can include, but are not limited 1o, rotary
kilns and liquid chemical destructors. Temperatures of combustion within the
furnace or incinerator can be at least 800, at least 825, at least 850, at least
875, or 900°C andfor not more than 1200, not more than 1175, not more than
1150, or not more than 1125°C, or from 800 to 1200°C, 850 to about 1150°C,
or 800 to 1125°C.

{65691 The incinerator or furnace may be configured to thermally combust at
least a portion of the hydrocarbon components in the feed stream 132 with an
oxygen agent stream 158, In one embodiment or in combination with any of
the mentioned embodiments, the oxygen agent stream 158 comprises at least
5, at least 10, at least 15, at least 20, or at least 25 andfor not more than 70,
not more than 65, not more than 60, not more than 55, not more than 50, not
more than 45, not more than 40, not more than 35, not more than 30, or not
more than 25 mole percent oxygen, based on the total moles of oxygen agent
stream 158, or it can include an amount in the range of from 5 to 70 mole
percent, 10 to 55 mole percent, or 10 to 25 mole percent, based on the total
moles of the stream. Other components of the oxygen agent stream 158 can
include, for example, nitrogen, or carbon dioxide. in other embodiments, the
oxygen agent stream 158 comprises air.

f3570] In the energy generation/production zone, atleast 50, atleast 60, at least
70, at least 80, at least 90, or at least 95 weight percent of the feed stream 132
introduced therein can be combusted to form energy and a stream 170 of
combustion gases such as water, carbon monoxide, carbon dioxide, and
combinations thereof. In one embodiment or in combination with any of the
mentioned embodiments, at least a portion of the feed stream 132 may be
treated to remove compounds such as sulfur and/or nitrogen-containing
compounds, o minimize the amount of nitrogen and sulfur oxides in the
combustion gas stream 170.

{6571}in one embodiment or In combination with any of the mentioned
embodiments, at least a portion of the energy 134 generated by the energy

production/generation facility may be used fo directly or indirectly heat a
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process stream. For example, in one embodiment or in combination with any
of the mentioned embaodiments, at least a portion of the energy 134 may be
used to heat water in stream 172 to form steam, and/or to heat steam in stream
172 and form superheated steam. In one embodiment or in combination with
any of the mentioned embodiments, at least a portion of the energy generated
may be used {o heat a stream of heat transfer meadium (such as, for example,
THERMINOL®), which itself, when warmed, may be used to fransfer heat to
one oF more process streams. In one embodiment or in combination with any
of the mentioned embodiments, at least a portion of the energy may be used to
directly heat a process stream.

{6572} in one embodiment or In combination with any of the mentioned
embodiments, the process stream heated with at least a portion of the energy
from the energy generation/production facility 80 may be a process stream from
one or more of the facilities discussed herein, including, for example, at least
one of a solvolysis facility 30, a pyrolysis facility 80, a cracker facility 70, a POX
gasification facility 50, a solidification facility 40. In one embodiment or in
combination with any of the mentioned embodiments, the senergy
generation/production facility 80 may be in a separate geographical area, while,
in one or more other embodiments, ai least a portion of the energy
generation/production facility 80 may be located in or near one of the other
faciliies. For example, In one embodiment or in combination with any of the
mentioned embodiments, an energy generation/production facility 80 within a
chemical recycling facility as shown in FIG. 1 may include an energy
generation/production furnace in the solvolysis facility 30 and ancther energy

generation/production furnace in a POX gasification facility 50.

Reuse/Recycle Facliity

{05731In one embodiment or in combination with any of the mentioned
embodiments, one or more streams from the chemical recycling facility 10
shown in FIG. 1 may also be directed fo further reuse andior recycling at

another, typically offsite facility 80. In one embodiment or in combination with
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any of the mentioned embodiments, the streams directed to the reuse/recycle
facility may be sold to another party, while, In one embodiment or in
combination with any of the mentioned embodiments, the operator of the
chemical facility 10 may have to pay the recelving party.

{05741 As shown in FIG. 1, In one embodiment or in combination with any of the
mentionad embodiments, at least a portion of the solids-containing stream from
the solidification facility 40 may be further reused andfor recycled in an off-site
facility. In one embodiment or in combination with any of the mentioned
embodiments, at least a portion of the PO-enriched stream 104 may also be
used in a reuse/recycle facility 90. Such a PCG-enriched stream 104 may have
been subjected o earlier processing steps {(e.q., washing, size reduction,
drying, separation of undesired components) and the resulting stream from pre-
processing facility 20 may then be further sold and used.

{0575] In cases where the feed stream 100 to the chemical processing facility
10 may have not more than 20, not more than 15, not more than 14, not more
than 5, or not more than 2 weight percent of non-PET materials, based on the
total weight of the feed stream 100 and, reuse and/or recycle of at least a
portion of these non-PET components may be more economical or beneficial,
as compared with further processing all or a portion of the stream within

chemical recycling facility 10,

DEFINITIONS

[087811t should be understood that the following is not intended o be an
exclusive list of defined terms. Gther definitions may be provided in the
foregoing description, such as, for example, when accompanying the use of a
defined term in context.

{05771 As used herein, the terms "3,” “an,” and “the” mean one or more.
{35781 As used herein, the term "and/or,” when used in a list of two or more
iterns, means that any one of the listed items can be employed by itself or any
combination of two or more of the listed items can be employed. For example,

if a composition is described as containing components A, B, and/or C, the
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composition can contain A alone; B alone; C alone; A and B in combination; A
and C in combination, B and C in combination; or A, B, and C in combination.
{0579} As used herein, the terms “comprising,” "comprises,” and “comprise” are
open-ended transition terms used o transition from a subject recited before the
term to one or more elements recited after the term, where the element or
elements listed after the transition term are not necessarily the only elements
that make up the subject.

{3580] As used herein, the terms “having,” "has,” and “have” have the same

” o8

open-ended meaning as “comprising,” “comprises,” and “comprise” provided
above.

{06581 As used herein, the terms “including,” “include,” and “included” have the
same open-ended meaning as “comprising,” "comprises,” and “comprise”
provided above.

{65821 As used herein, the term “predominantly” means more than 50 percent
by weight. For example, a predominantly propane sitream, compaosition,
feedstock, or product is a stream, composition, feedstock, or product that
contains more than 50 weight percent propane.

{0583} As used herein, the term “enriched” refers to having a concentration {on
a dry weight basis) of a specific component that is greater than the

concentration of that component in a reference material or stream.

CLAIMS NOT LIMITED TO DISCLOSED EMBODIMENTS

{0584} The forms of the technology described above are to be used as
iltustration only, and should not be used in a limiting sense to interpret the scope
of the present technology. Modifications o the exemplary embodiments, set
forth above, could be readily made by those skilled in the art without departing
from the spirit of the present technology.

{(3585] The inventors hereby state their intent {o rely on the Docliing of
Equivalents o determine and assess the reasonably fair scope of the present
technology as i pertains 1o any apparatus not materially departing from but

outside the literal scope of the technology as set forth in the following claims.
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CLAIMS
What is claimed is:
1. A method for processing waste plastic, said method comprising:
introducing a glycol column bottoms coproduct stream from a solvolysis
facility into atleast one of the following: (i) a partial oxidation {(POX) gasification
facility; (i} a pyrolysis facility; (iif) a cracker facility; and (v} an energy

generation/energy production facility,

2. The method of claim 1, further comprising infroducing another
process stream into at least one of the following: (i) said partial oxidation (POX)
facHity;, (i) sald pyrolysis facility; (i} sald cracker facility; (iv) said energy

generation/energy production facility; and {v) a solidification facility.

3. The method of claim 2, wherein said glycol column bottoms
coproduct stream and said ancther process stream are introduced into the

same one of (i} through {(v).
4. The method of claim 2, wherein said glycol column bottoms
coproduct stream and said another process stream are introduced into different

ones of (i) through {v).

5. The method of claim 2, wherein said another process stream

originates from one of facilities (i) through {(v).

8. The method of claim 2, wherein said another process siream

comprises a PO-enriched waste plastic stream.

7. The method of claim 1, wherein at least a portion of said glyeol

column bottoms coproduct stream is introduced into a POX gasification facility.
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8. The method of claim 7, wherein said POX gasification facility

includes a liquid-fed gasifier.

9. The method of claim 7, wherein said POX gasification facility

includes a solid-fed gasifier.

10. The method of claim 7, wherein said glycol column bottoms
coproduct stream comprises at least 60 weight percent of oligomers comprising
moieties of polyester, based on the total weight of said composition; a principal
glycol; and at least one glycol other than said principal glycol, whersin the
weight ratio of said at least one glycol other than said principal glycol to said

principal glycol is at least 0.5:1.

11. A method for processing waste plastic, said method comprising:

{a) withdrawing a glycol column botloms coproduct stream from a
solvolysis facility used to process PET-containing waste plastic; and

{b} introducing at least a portion of said coproduct stream into at least
one of the following: (i) a partial oxidation (POX) gasification facility: (ii) a
pyrolysis facility; (ili} a cracker facility; and (iv} an energy generationfenergy

production facility.

12. The method of claim 11, wherein said soclvolysis facility produces
a principal terephthalyl and a principal glycol, wherein said glycol column
bottoms coproduct stream comprises at least about 40 percent of components
having a boiling point higher than said principal glycol, wherein said glycol
column bottomns coproduct stream comprises not more than about 60 weight
percent of components having a boiling point lower than said principal glyeol,

based on the total weight of the glycol column bottoms coproduct stream.

13. The method of claim 11, wherein said glveol column bottoms

copraduct stream comprises at least about 80 weight percent oligomers,
187



10

15

20

25

30

WO 2021/163104 PCT/US2021/017342

wherein said oligomers have an average chain length of 2 {o 25, and wherein

said oligomers comprise polyester moieties.

14. The method of claim 11, wherein said glycol column bottoms
coproduct stream has a total solids content of not more than 10 weight percent,

based on the total weight of the stream.

15, The method of claim 11, further comprising introducing another
coproduct stream from said solvolysis facility into at least one of the following:
{i} a partial oxidation {POX) facility; (ii} a pyrolysis facility; {iii} a solidification
facHity; (iv) a cracker facility; and {v} an energy generation/energy production

facility.

16. The method of claim 15, wherein said glycol column bottoms
coproduct stream and said ancther coproduct stream are introduced into the

same one of (i} through {(v).

17. The method of claim 15, wherein said glycol column botioms
coproduct stream and said another coproduct stream are introduced into

different ones of (i) through (v}

18. The method of claim 15, wherein said glycol column bottoms
coproduct stream and said another coproduct stream are introduced separately

into at least one of {i} through {v}.

19. The method of claim 15, whersin said glveol column bottoms
coproduct stream and said another coproduct stream are combined o form a
combined stream, and wherein said combined stream is introduced into at least

one of {i} through (v).

20. A method for processing waste plastic, said method comprising:
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{a) separating a stream of mixed plastic waste (MPW) into a
polyethylene terephthalate-enriched (PET-enriched) stream and a polyolefin-
enriched stream (PG-enriched) streamy;

{b} subjecting at least a portion of said PET-enriched stream to
solvolysis in a solvolysis TacHlity to form a principal glyecol product, a principal
terephthalyl product, and atleast one coproduct stream, wherein said coproduct
stream comprises a glycol column bottoms coproduct stream; and

{c} introducing at least a pottion of said coproduct stream from said
solvolysis facility into at least one of the following: (i) a partial oxidation (POX)
gasification facility; (il a pyrolysis facility; (i) a solidification facility; ({iv) a

cracker facility;, and {v) an energy generation/energy production facility.

21, The method of claim 20, wherein sald PET-enriched sitream
comprises at least 60 weight percent PET and not more than 40 weight percent
of polyolefing, based on the total weight of the PET-enriched stream, wherein
said PO-enriched stream comprises at least 80 weight percent polyolefins and
not more than 40 weight percent of PET, based on the total weight of the PO-
enriched stream, and wherein said PET-enriched stream comprises not more
than 10 weight percent of halogens, based on the total weight of the PET-

enriched stream.

22, The method of claim 20, wherein said glycol column bottoms
coproduct stream has a temperature in the range of from 150 to 260°C when

withdrawn from said solvolysis facility.

23. The method of claim 20, whersin said givcol column bottoms
coproduct stream comprises at least about 80 weight percent oligomers,
wherein said oligomers have an average chain length of 2 to 25, and wherein

said oligomers comprise polyester molsties.
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24. The method of claim 20, wherein said stream of mixed plastic
waste comprises at least 10 weight percent of textiles, based on the total weight

of the stream.

25. The method of claim 20, wherein said solvolysis facility comprise

a mathanolysis facility.

26. The method of claim 20, further comprising introducing said glycol

column bottoms coproduct stream into at least two of facilities (i} through {v).

27, The method of any of claims 1-26, wherein said method is carried

out as a conlinuous process.

28.  The method of any of claims 1-26, wherein said method is carried

outl in a commercial-scale facility.

29. The method of any of claims 1-28, wherein said solvolysis facility
is co-located with the at least one of the other facilities (i} through (v}, and
wherein at least one of the following statements {(A) through (F) are true —

{A} the solvolysis facility and the other facility share at least one utility;

{B) the solvolysis facility and the other facility share at least one service

group;

{C} the solvolysis facility and the other facility are owned and/or

operated by parties that share at least one boundary;

{D} the solvolysis facility and the other Tacility are connected by at least

one conduit;

(£} the scivolysis facility and the other facility share energy via an

energy exchange zone; and

{F) the solvolysis facility and the other facility are within 50 miles from

one another, measured from their geographical center.
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30. A solvolysis coproduct composition formed within a solvolysis
faciity for processing polyester terephthalate-containing waste plasticto form a
principal glycol and a principal terephthalyl using a principal solvent, said
composition comprising:

at least 60 weight percent of oligomers comprising moisties of the
polyester, based on the total weight of sald compasition;

said principal glyeol; and

at least one glycol other than said principal glycol,

wherein the weight ratio of said at least one glycol other than said

principal glycol to said principal glycol is at least 0.5:1.

31.  The composition of claim 30, wherein said composition is a non-

Newtonian fluid.

32. The composition of claim 30, wherein said composition has a mid-

range boiling point higher than the boiling point of said principal ghycol.

33. The composition of claim 30, wherein said composition has a
viscosity of at least 0.01 poise {P) and not more than 15 P, measured using a
Brookfield R/S rheometer with V80-40 vane spindle operating at a shear rate of

10 rad/s and a temperature of 250°C.

34. The composition of claim 30, wherein said at least one glycol
other than said principal glycol is selected from the group consisting of
diethylene glycol, triethvlene glveol, 1,4-cyclohexane-dimethanol, propane-1,3-
diol, butane-1,4-diol, pentane-1,5-diol, hexane-1,6-diol, neopenty! glycol, 3-
methyipentanedicl-(2,4), 2-methvipentanediol-(1,4}, 2,2 4-trimethyipentane-
diol-{1,3), 2Z-ethylhexanediol-(1,3), 2,2-disthyipropane-diol-{1.,3), hexanediol-
{1.3), 1,4-di-(hydroxtyethoxy)-benzene, 2,2-bis-(4-hydroxycyciohexyl}-propane,
2 4-dihydroxy-1,1,3, 3-tetramethyl-cyclobutane, 2,244

tetramethylcyclobutanediol, 2,2-bis-(3-hydroxyethoxyphenyl)-propane, 2,2-bis-
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{4-hydroxypropoxyphenyl}-propane, isosorbide, hydroguinone, BDS-{2,2-

{suffonyibis)4, 1-phenvieneoxy}ibis(ethanol), and combinations thergof.

35, The composition of claim 30, wherein said glycol other than said
5 principal glycol is present in said composition in an amount of at least 15 and
not more than 29 weight percent, based on the total weight of glycols in said

composition.

36. The composition of claim 30, whersin said principal glyeol s
10 selected from the group consisting of ethviene giycol, diethylene glycol,
neopentyl  glyeol,  1.4-cyclohexanedimethanol, 2,24, 4-tetramethyl-1,3-

cyclobutanediol, and combinations thereof,

37.  The composition of claim 30, wherein said composition comprises

15 not more than 10 weight percent of said principal glycol.

38.  The composition of claim 30, wherein at least a portion of said
solvolysis coproduct stream originates from a glyeol separation zone in a
solvolysis facility,
20
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