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METHOD FOR FORMING AN AROMATIC DIACID AND/OR AN ARCMATIC
DIACID PRECURSOR FROM A POLYESTER-CONTAINING FEEDSTOCK

CROSS-REFERENCE TO RELATED APPLICATIONS

[00811 This application claims the benefit of U.S. Provisional Application No.
61/922,154, filed December 31, 2013,

BACKGROUND

f0002] Polyesier is used in a variety of applications, in particular, in films, boitles,
and food containers. Current techniques allow, coloriess, transparent poly(sthylene
terephthalate) (PET) containers, such as botlles for soft drinks, {o be recycled
economically. In the recyciing process, PET containers are sorted into different
colors and baled. Baled containers made from clear and green PET are washed,
flaked, and dried {o form clean PET flakes. if necessary, the clean, clear PET flakes
can be processed {o remove any impurities {i.e., any component cther than clean,
clear PET flake and/or green PET flake).

f0003] Polyester is used in a variety of applications, in particular, in films, bottles,
and food containers. Current techniques allow, colorless, transparent poly(ethvlene
terephthalate) (PET) containers, such as botlles for soft drinks, to be recycled
economically. In the recycling process, PET containers are sorted into different
colors and baled. Baled containers made from clear and green PET are washed,
fiaked, and dried o form clean PET fiakes. f necessary, the clean, clear PET flakes
can be processed o remove any impurities {(i.e., any component other than clean,
clear PET flake and/or green PET fiake).

[0004] The recycling of clean PET filakes can include depolymerization {o break
the ester bonds of the PET and reduce the polymer o its monomer components.
Depolymerization can ocour using several known reaction pathways, including, for
sxample, via methanolysis or sthanoiysis.

{G008]  Another portion of materials sorted at a reclamation facility, known as post-
consumer mixed rigids and post-consumer polyvester carpets, are largely under-
utilized in recycling efforts and are thought to have zero or negative economic valus.
Moreover, these materials contain increased amounts of non-polyester components

{e.g., colorants, fillers, non-PET polymers) compared o clean, clear PET flake and
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green PET flake and, as such, are potentially unsuitable and/or deleterious o current
reclamation processes.

[6608] Methods for producing copolyesiers with high levels of recycled content
have been proposed. in a particular process, scrap or post-consumer poly{ethylens
terephthalate) is depolymerized by methanolysis or glycolysis to produce purified,
recycled dimethyl terephthalate, which can be repolymerized with two or more diols.
However, in this process it is necessary o remove non-polyester decontaminanis in
the scrap or post-consumer PET befors the depolymerization step.

(0007  Thus, despite these current efforis {o recycle clean, clear PET, it will be
appreciated thal there is a continued need in the art for methods of efficiently
recycling polyester-containing feedstocks, including bio-derived feedstocks, not
curently utilized due their high non-polyester contents. Furthermore, it is desirable
to use purified recycled monomers oblained from depolymerization reactions to

produce polyester, especially polyester suitable for direct food contact.

SUMMARY

[0008] The invention provides a method for forming an aromatic diacid and/or an
aromatic diacid precursor from a polyssier-containing feedstock, which method
comprises contacting the polvester-containing feedsiock with water or an alcohol {o
depolymerize the polyester and thereby form an aromatic diacid and/or an aromatic
diacid precursor, wherein the polyester-confaining feedstock comprises about 60
wi% or more polyester and about 1 wi¥% or more of at least one secondary material,
and wherein the at least one secondary material is not polyester.

[0008] The invention further provides a method of forming terephthalic acid (rTA)
from an aromatic diacid precursor.

00101 According to ancther aspect of the invention, the invention provides a
method for forming an aromatic diacid and/or an aromatic diacid precurser from a
polyester-containing feedstock, which method comprises contacting the polyester-
containing feedstock with water or an alcohol to depolymerize the polysster and
thereby form an aromalic diacid andfor an aromatic diacid precursor, wherein

depolymerizing the polyester includes contacling the polyester-containing feedstock
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with a catalyst comprising one or more materials selected from PVC, a polyamide,
and combinations thereof.

(60141  According to ancther aspect of the invention, the invention provides a
method for forming an aromatic diacid and/or an aromatic diacid precursor from a
polyester-containing feedstock, which method comprises contacling the polyester-
containing feedstock with water or an alcohol to depolymerize the polyester and
thereby form an aromatic diacid and/or an aromatic diacid precursor, wherein the
polyester-containing fesdsiock additionally comprises at least one secondary
material which is not a polyester, and wherein prior {0 depolymerizing the polyester,
the amount of polyester relative {o the at least one secondary material is increased in
the feedstock by removing at least a portion of the at least one secondary material
from the feedstock by differentially dissolving the polyester and the al least one
secondary material in an lonic liquid and separating the dissolved and undissolved
materials.

{00121 According fo ancther aspect of the invention, the invention provides a
method for forming an aromatic diacid and/or an aromatic diacid precursor from a
polyester-containing feadstock, which method comprises contacting the polyssier-
containing fesdstock with water or an slcohol to depolymerize the polyester and
thereby form an aromatic diacid andfor an aromatic diacid precursor, wherein
depolymerizing the polyester includes contacting the polyssier-containing feedstock
with a catalyst comprising an ionic liguid.

[88613] According to ancther aspect of the invention, the invention provides a
method for forming an aromatic diacid andfor an aromatic diacid precursor from a
polyester-containing feedstock, which method comprises contacting the polyester-
containing feedstock with water or an alcohol to depolymerize the polyester and
thereby form an aromatic diacid andfor an aromatic diacid precursor, wherein
depolymerizing the polyester includes contacting the polyester-containing feedstock
with a catalyst, and wherein the catalyst comprises one or more materials that forms
an azoetrope with the alcohol or waler used to depolymerize the polyester.

[6014] According fo ancther aspect of the invention, the invention provides a
method for forming an aromatic diacid andfor an aromatic diacid precursor from a

polyester-containing feedstock, which method comprises contacting the polyesier-
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containing feedstock with water or an alcohol to depolymerize the polyester and
thereby form an aromatic diacid andfor an aromatic diacid precursor, wherein
depolymerizing the polyester includes contacting the polyester-containing feedstock
with a catalyst and deactivating the catalyst after depolymerization of at least a
significant proportion of the polyester,

[0018] Other aspects of the invention will be apparent to those skilled in the art in

view of the description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS
[8018] For a more complete understanding of the disclosure, reference should be
made to the following detailed description and the drawings wherein:
[0017] Figure 1 is a flow diagram illustrating an smbodiment of a method for
forming an aromatic diacid and/or an aromatic diacid precursor from a polyester-
containing feedstock;
160181 Figure 2 is a flow diagram illustrating another embodiment of a method of
the invention;
16019] Figure 3 is a flow diagram illustrating another embodiment of the method
of the invention;
{0020] Figure 4 is a flow diagram illusirating an embodiment of the invention for
forming an aromatic diacid from a polyester-containing feedstock, and using the

aromatic diacid to produce fresh polyester material.

DETAILED DESCRIPTION

[0021] The invention seeks fo provide a method of recycling a polyester-
containing feedstock, particularly a polyester-containing feedstock that was
heretofore left as landfill waste due to its high content of non-polyester materials. In
particutar, the invention provides a method for forming an aromatic diacid andfor an
aromatic diacid precursor from a polyester-containing feedstock.  The method
comprises contacting the polyester-containing feedstock with water or an alcohol to
depolymerize the polyester and thereby form an aromatic diacid and/or aromatic

diacid precursor. The polvester-containing feedstock comprises about 80 wi% or
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mare polyester and about 1 wi% or more of at least one secondary material, wherein
the at least one secondary material is not polyester.

[0022] The aromatic diacid precursor can be any suitable aromatic diacid
precursor. For example, the aromatic diacid precursor can be dimethyl terephthalate
(DMT), diethyl terephthalate (DET), msthyl-2-hydroxyethyl-terephthalate (MHET),
bis-hydroxyethyl terephthalate (BHET), and/or mono-methyl terephthalate (MMT).
Similarly, the aromatic diacid can be any suitable aromatic diacid, such as
tersphthalic acid {TA).

[00623] The alcohol is any suitable alcohol which reacits with a polyester-
containing feedstock to form an aromatic diacid andfor aromatic diacid precursor.
For example, the alcohol can be a Cy.3 aloohol {e.g., methano!, ethancl, propancl, or
isopropanol). The alcohol can also be a diol, such as ethylene glycol. In some
embodiments, the alcohol is methanol, such that the aromatic diacid precursor is
DMT. In other instances, the alcohol is sthanol, and the aromalic diacid precursor is
DET. The alcohol can be recycled, if desired, during any method slep described
herein. In a preferred embodiment, the alcohol is a liguid solvent and is not used as
a gas or supercritical fluid.

[6024] iIn certain embodiments, when the polyssier-containing feedstock is
contacted with water, an aromatic diacid, such as terephthalic acid (TA), is formed
directly. Alternatively, an aromatic diacid precursor can be formed via contact with
alcoho! first {e.g., DMT) and then contacted with water to hydrolyze the precursor,
With certain aromatic diacid precursors, the precursor will be hydrolyzed to form rTA.
if desirable, the hydrolyzed aromatic diacid precursor can be reacted further {e.g.,
oxidized) to form rTA. The rTA formed in any of the methods described hersin can
optionally be blended with any suitable amount of virgin {erephthalic acid (vTA). Any
suitable amount {e.g., 0% to 100%) of the vTA can be bio-derived. In a preferred
embodiment, at least 1% of the vTA is bio-derived.

[8025] The amount of water or alcohol needed can vary, depending on the
specific composition of the polyester-containing feedstock. In general, the water will
be added in 5 to 10 paris per part of the polyester-containing feedstock {including

any range of water encompassed within). The alcohol will be added in § to 10 parts
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per part of the polyssier-containing feedstock (including any range of alcohol
gncompassed within),

[8028] The step of contacling the polyester-containing feedstock with water or
alcohol can be performed under any suitable reaction conditions and can be
performed as either a batch, continuous, or semi-continuous process using at least
ong suitable depolymerization vessel. For sxample, a temperature range of 150-
265°C, preferably 180-200°C or 180-180°C, can be used. The temperature is such
that the terephthalic acid derivatives are in the liquid or melt phase. The reactions
can take place under pressurized conditions {e.g., at least 2 MPa, at least 3 MPa, at
least 4 MPa, as well as less than § MPa, less than 7 MPa). Reaction times will vary
depending on the components of the polyesisr-containing feedstock and the
depolymerizing solvent. Typical reaction times will be af least 1 hour (e.g., atlsast 2
hours, at least 3 hours, at least 4 hours, and at lsast 5 hours, as wall as less than 10
hours, less than 8 hours, less than 5 hours, and less than 3 houwrs). in some cases,
the only solvent in the depolymerization system will be water and/or aleohol. in one
smbodiment, no additional solvent {e.g., a polvester precursor, such as DMT, DET,
or MHET, or an alkylene diol, such as ethylens glycol) is added o the system. In
another embodiment {which can be in addition to the preceding embodiment), an
alkaline compound, such as an alkali metal hydroxide (e.g., NaOH, KOH, LIOH,
Ca{OH),, or Mg(OH)), is not added to the system as a reactant. In a further
alternative embodiment, an ionic liguid can be added to the polyester-containing
feedstock before the depolymerization step.

(00277  Hydrolyzing an aromatic diacid precursor o form rTA can take place under
any suitable reaction conditions and can be performed as either a baich, continuous,
or semi-continuous process. For example, the operating temperature will generally
be between 50-300°C, and preferably will be betwsen 200-230°C. Typically the
hydrolysis reaction will take place under pressure {e.g., al least 2 MPa, at least 3
MPa, at least 4 MPa, as well as less than 5 MPa, less than 7 MPa). During the
hydrolysis process, alcohol s formed as a side product {s.g., MeOH, EIOH}. f
desired, such alcohol can be recovered and reused for the depolymerization

reaction.
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[6028] Prior to any subseguent reactions using the aromatic diacid andfor
aromatic diacid precursor {e.g., hydrolysis), the diacid andfor precursor can be
isclated from side products (e.g., ethylens glycol) andior solvent. Any suilable
method can be used to isolate the aromatic diacid and/or aromatic diacid precursor,
including filtration, distiliation {e.g., azeotropic distillation), exiraction, crystallization,
and sublimation. Preferably, the aromatic diacid and/or aromatic diacid precursor is
isolated using distillation. In a specific sxample, after reaction with water or aleohol,
the reaction mixiure can be filtered o remove solid impurities. Any remaining water
or alcohol can be removed and recycled to the depolymerization vessel. The
aromatic diacid and/or aromatic diacid precursor can be distilled to isolats it from any
dissolved impurities.

{00291 In some embodiments, an azeotropic distillation is required to isolate the
aromatic diacid and/or aromatic diacid precursor, and more than one distillation
columns and/or an entrainer can be used. Typical entrainers include, for example,
mathylbenzoate, sthyibanzoate, p-methyiicluate, tetralin, dimethyl naphthalene
dicarboxyiale, monomethyl naphthalens dicarboxylate, monomaeathyl isophthalate, p-
toluic acid, and combinations thereof. Preferably, the entrainer is selected from the
group consisting of methylbenzoate, sthylbenzoats, p-methyitoluate, tetralin, and
combinations thereof. An entrainer can be used in any suitable amount, such as
about 0.40 to 0.60 parls per part of the aromatic diacid andior aromatic diacid
precursar {(a.g., about 0.40 to 0.55, aboul 0.45 10 0.60, about 0.45 10 0.55, abouwt 0.5
to 0.8, etc.). In a specific example, an entrainer can be used {0 break the azectrope
between DMT and ethylene glycol. Once purified DMT is isolaled, the ethylens
glycol and entrainer can be processed. For instance, the sthylens glycol can be
purified and employed for suitable uses, whereas the entrainer can be recycled back
io the distillation pot for additional distilistions.

[68308] The polyester-containing fesdstock comprises any polvester or
copolyester typically found in a material recycling facility and/or post-consumer
polymer source. For example, the fesdstock can comprise post-consumer mixed
rigids {e.g., polvester botlles and thermoforms), post-consumer polyesier carpet, or a
combination thereof. The feedstock preferably comprises posi-consumer mixed

rigids, optionally comprising, for example, polyethylene terephthalate (PET),



WO 2015/103178 PCT/US2014/072637

polyethylene terephthalate glycol modified (PETG), polyethylene naphthalate (PEN},
polybutylene terephthalate (PET), polylaclic acid (PLA), polycarbonate, and
combinations thereof. In an embodiment, the polyesler comprises polyaster resin,
for exampie, which has repeating structural units containing residues of isophthalic
acid, terephthalic acid, naphthalene dicarboxylic acid {e.g., 2,6-, 1,4-, 1,5-, 2,7-, 1,2-,
1,3, 1.6-, 1,7-, 1,8, 2,3~ 24~ 25 andior 2,8-substitiied), 4 4-oxybis(benzoic
acid), andfor S-tert-bulyl-1,3-benzene dicarboxylic acid.  Particularly useful are
polvester resins which have repeating structural unils conlaining residues of
terephthalic acid or a naphthalene dicarboxylic acid {e.g., 2.6-naphthalene
dicarboxylic acid).  Accordingly, the polyesler preferably comprises or consists
essentially of poly(ethylene terephthalaie) (PET), poly(ethvlene naphthalate), or a
combination thereof. Preferably, the polyester comprises or consists essentially of
PET.

{8031} The polyestercontaining feedstock comprises aboul 80 wi% or more
polvester. In certain embodiments, the feedstock will comprise more than 60 wi%
polyester {&.g., about 70 wil or more, about 75 wi% or more, about 80 wi% or
more, aboul 85 wi% or more, about 80 wi% or more, about 35 wi% or more),
Typicaily, the feedstock will comprise about 8 wit% or less (s.g., 7 wi% or less, about
8 wi% or less, about 5 wit or less, about 4 wit¥% or less, about 3 wi% or less, about
2 wi% or less, or about 1 wi% or less) of terephthalic acid as a discrete molecule. In
another embodiment (which can be in addition fo the preceding embodiment), the
feadstock will comprise about § wi% or less {e.g., about 4 wi% or less, about 3 wi%
or less, about 2 wi% or less, or about 1 wi% or less) of green PET flake.

[0032] I desired, the amount of polyester relalive 1o the al least one secondary
material can be increased in the fesdstock prior to depolymerizing the aromatic
diacid precursor. Any suitable method can be used o increase the amount of
polyester in the fesdstock. Typically, the amount of polyester in the feedsiock is
increased by removing at least a portion of the at least one secondary material from
the fesdstock. In some embodiments of the invention, the amount of polyester
relative to the at least one secondary malerial is increased only o levels at which at
least 1 wi% secondary materials (in tolal) are present in the feedstock; Le. the lolal

proportion of polyester is not increased above 88 wi%. A sscondary material can be
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removed from the feedstock by a process such as air slutriation, a sorling process, a
float-sink process, andfor a process comprising differentially dissolving the polyester
and the at least one secondary material in an ionic lquid and separaling the
dissolved and undissolved materials. Sorling processes include, for example,
automatic botlle sortation, flake sorlation, ball milling, and scresening. A float-sink
process enables the separation of certain polymers with densities that differ from
polyester, e.q., polvolefins.

[8033] Use of an ionic liquid takes advaniage of the differences in solubilites
therein of polysthylenes and common impurities, such as polyolsfing and PVC. For
gxample, where the polyester in the polyester-containing feedstock is more soluble
in a particular ionic liquid than the principle contaminants in the feedstock, adding the
ionic fiquid to the feedstock will preferentially dissolve the polyester, and all, or a
selected proportion, of the undissolved contaminanis may be removed by filtering,
before depolymerization of the polyester. Alternatively, where the aromatic diacid
and/or aromatic diacid precursor produced in the depolymerization reaction is more
soluble than the principle contaminants in the feedstock, the ionic liguid may be
added before or after the depolymerization step, and the conlaminants can be
removed from the resultant aromatic diacid and/or aromatic diacid precursor by
filtration and/or allowing the contaminanis to setile out, before further processing of
the aromatic diacid and/or precursor.

[0034] The term "ionic liquid” as used herein refers to a liquid that is capable of
being produced by melting a salt, and when so produced consists solely of lons. An
ionic liguid may be formed from a homogeneous substance comprising one species
of cation and one species of anion, or it can be compossed of more than one species
of cation andfor more than one species of anion. Thus, an ionic liquid may be
composed of more than one species of cation and one species of anion. An ionic
liquid may further be composed of one species of cation, and one or more species of
anion. Still further, an ionic liquid may be composed of more than one species of
cation and more than one species of anion,

f0035] The term “ionic liguid” includes compounds having both high melting points
and compounds having low melting points, e.g. at or below room temperature. Thus,

many fonic liguids have meslting points below 200°C, preferably below 150°C,
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particularly below 100°C, around room temperature {18 to 30°C), or even below 0°C.
fonic liguids having melting points below around 30°C are commonly referred o as
“room temperature ionic liquids” and are often derived from organic salls having
nitrogen-containing heterocyclic cations, such as imidazolium and pyridinium-based
cations. In room temperature ionic liquids, the siructures of the cation and anion
pravent the formation of an ordered crystalline structure and therefore the salt is
liquid at room temperature,

{0036]  lonic liquids are most widely known as solvents, because of their negligible
vapour pressure, lemperature stability, low flammability and recyciability. Due to the
vast number of anion/cation combinations that are available it is possible to fine-tune
the physical properties of the ionic liquid {e.g. melting point, density, viscosity, and
miscibility with water or organic solvents) to suit the requirements of a particular
application.

[8037] Any suitable ionic liguid can be employed in the present invention. For
example, the ionic fiquid cation can be an imidazolium, pyridinium or ammaonium
species, and the anion can be a halide, tetraflurcborate, hexaflurophosphate,
bistriftimide, iriflate or tosylate species.

[8038] in preferred embodiments of the invention, in addition to comprising about
80 wi% or more polyesier, the feedstock comprises about 1 wi% or more of at least
one secondary material (e.g., about 2 wi% or more, about 3 wi% or more, about &
wi% or more, about 7 wit% or more, about 10 wi% or more, about 12 wi% or more, or
about 15 wi% or more), based on the weight of the fesedstock. As an upper limit, the
feedstock preferably comprises about 40 wi% or less of al least one secondary
material. These values represent the total amount of all the secondary materials.
The amount of sach individual secondary material will vary depending on the source
of the polyester feedstock. Typically, each secondary material will be present in an
amount of about 0.1 wi% or more {e.g., about 0.2 wi% or more, about 0.25 wit% or
more, about 0.5 wi% or more, about 1 wi%s or more, about 1.5 wi% or more, about 2
wit% or more, about 2.5 wit% or more, about 3 wi% or more, aboui 4 wi% or more,
about 5 wit% or more, or about 10 wi% or more) based on the weight of the
feadstock. Alternatively, or in addition, each secondary material can be present in

the feedstock in an amount of about 15 wit% or less {e.g., about 12 wi% or less,

10
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about 10 wit% or less, about 8 wt% or less, about 8 wit% or less, about 7 wi% or less,
about 8 wt% or less, about § wit% or less, about 4 wi% or less, about 3 wi% or less,
about 2 wi% or less, about 1.8 wi% or less, about 1.6 wi% or less, about 1.4 wi% or
less, about 1.3 wi% or less, about 1.2 wi% or less, about 1.1 wi% or less, about 1
wi% or less, about 0.9 wi% or less, about 0.8 wi% or less, about 0.7 wi¥% or less,
about 0.8 wi% or less, about 0.5 wi% or less, about 0.4 wi% or less, about 0.3 wi%
or less, or about 0.2 wi% or less), based on the weight of the fesdstock. Thus, the
amount of each secondary material can be bounded by any two of the foregoing
endpoinis,

{00381 The at least one secondary material is typically a polymer, including high
density {> 1.0 gfcc) and low density {< 1.0 g/cc} polymers, and can include inorganic
components {e.g., 8 colorant, a filler, a flame relardant, a stain resistant agent, a
giue, or a metal). In cerlain embodiments, the at least one secondary material
comprises at least one material selected from the group consisting of high density
polyethylens (MDPE), polvethvlens (PE), polypropylene {PP), polysiyrene (PS8}
{including crystal and impact modifisd), polycarbonate (PC), ethylene vinyl alcohol
{(EVOH), poly(ethylene vinyl alcohol), polylactic acid (PLA), polyglycclic acid,
poly{hydroxy butyrate), a synthetic rubber {(e.g., sthylene propylene diens monomer
(EPDM), polybutadienes, acrylics), poly(ethyiene-2 5-furan dicarboxylic acid), and
combinations thereof. For example, the feedstock can comprise polycarbonate (PC},
polylactic acid (PLA), polystyrene, polyethylene (including high density, medium
density, and/or low density), and/or polypropylene.

00401  In cerlain aspects, the at least one secondary material comprises at least
one {e.g., two or mors, three or more, or four or more} materials, sach being present
in the amount of 0.28 wi% or more in the feedsiock, and sach selected from the
group consisting of a filled polyolefin, an unfilled polyolefin, a chiorinated polymer,
polystyrene, a filled polvamide, an unfilled polyamide, a polymer used as a barrer
coating for packaging, and combinations thereof. In one embodiment, the at least
one secondary material comprises at lsast one {e.g., two or more, three or more, or
four or mora) materials, each being present in the amount of .25 wit% or more in the
feedstock, and each selecied from the group consisting of polyvinyt chioride (PVC),
high density polysthylene (HDPE), polyethyiene (PE), polypropviene (PP,
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polystyrene (PS), polycarbonate (PC), nylon MXDE (MXD8), ethylene vinyl alcohol
(EVOH), poly(ethylene vinyl alcohol), polylactic acid {PLA}, polyglycolic acid,
poly{hydroxy butyrate), a synthetic rubber, poly{ethylene-2 5-furan dicarboxylic acid),
and combinations thereof. In cerlain embodiments, the feadstock comprises three or
more secondary materials. Preferably, the secondary material comprises PVC,
nyion MXDE8, or a combination thereof,

{0041] The at least one secondary material can be neat {a pure entity without any
filler) or comprise a filler, such as an inorganic filler, A typical inorganic filler
comprises at least one material selected from the group consisting of titanium
dioxide, titanium nitride, wollastonite, montmorillonite clay, calcium carbonate, and
combinations thereof,

[8042] In some embodiments of the invention, the polyester is depolymerized in
the presence of one or more ionic liguids. The use of ionic liquids provides a number
of poiential advantages, including the direct depolymerization of polyesters fo
aromatic diacids. For example, if polysthylene terephthalate is dissolved in an ionic
liquid and water is added, the polyethylene terephthalate is depolymerized efficiently
to form terephthalate acid and ethylene glvcol, and the two producis can be easily
separated; the terephthalate acid being removed by solidfiquid separation and the
remaining fillrate being easily distilled, to separate sthylene glycol, water and the
jonic fiquid, which can then be recycled in the process. Additionslly, as polyesters
may be dissoived in ionic liquids at relatively low temperatures and pressures, the
hydrolysis/depolymerization reaction can be carried out at lower temperatures and/or
prassures than, for example, a methanolysis reaction, and will therefore be less
energy intensive. Consequently, reactors may have higher throughput, and a
relatively small reacior can be used.

[0043] In some cases, the ionic liguid will act as a catalyst for the
depolymerization step but, optionally, a Lewis Acid may additionally be used.
Suitable Lewis Acids include zinc chioride, zinc acelate, magnesium chioride,
magnesium acefate, ammonium chioride, boron fluoride, boron chioride, boron
bromide, titanium chioride and combinations thereof. Any suitable ionic liquid may

be used, as discussed herein,

12



WO 2015/103178 PCT/US2014/072637

{00441 If desired, depolymerizing the polyester can include contacting the
polyester-containing feedstock with a catalyst.

[6045]  In some embodiments, the catalyst may comprise one or more materials
that form an azeotrope with the alcoho! or water used to depolymerize the polyaster.
Advantages associated with using catalysts that form azeotropes with the water or
alcohol used o depolymerize the polyester include, ease of separation of the
catalyst from the aromatic diacid and/or aromatic diacid precursor produced in the
depolymerization, thereby preventing the catalyst from catalyzing the formation of
undesirable byproducts from the aromatic diacid and/or precursor. For example, if
the catalyst used to form dimethyl terephthalate in a methanolysis reaction is not
quickly separated from the dimsthy! terephthalate it will tend {o cause the dimethyl
ferephthalate and residual ethylene glycol to react to from undesirable by-products,
including methyl-(2-hydroxyethyl) ferephthalate and bis-hydroxysthy! terephthalate.
Any suitable catalyst that promotes the depolymerization of polyester and forms an
azeotrope with the depolymerization soivent may be used. An sxample of a suitable
azeotrope forming catalyst is methyl acetate, which may be used alone or in
combination with other compounds, including sodium hydroxide, sodium acetate and
zine acetals.

[0048] In general, the calalyst is any suitable metal-based compound thal
promotes the hydrolysis or alcoholysis reaction, paricularly a metal-based
compound and/or methyl acetate. Suitable metals include those selected from
Group 1, 2, 7, 8 8, 10, 11, or 12 of the pericdic table. Typically, the catalyst
comprises a Lewis Acid and/or methyl acetate and/or at least one metal acetate from
the periodic table. In cerfain smbodiments, the catalyst comprises a Lewis Acid
andfor methyl acetate and/or al least one metal acetate wherein the metal is
selected from Group 1, 2, 7, or 12 of the periodic table. Examples of suifable
catalysts include methyl acelate, sodium acefate, lithium acelate, manganese
acetate, coball acefate, palladium acetate, copper acetate, and zinc acelate.
Preferably, the catalyst comprises zinc acetate.

{0047] The catalyst can be present in any suitable amount that is effective for
depolymaerizing the polyester-containing feedstock. Typically, the catalyst will be
present in 0.025 to 0.075% based on the weight of the feedstock.
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{0048] As discussed herein, once an aromalic diacid and/or aromatic diacid
precursor is formed from a polyester, it may react further o produce unwanied by-
products, particularly if a metal salt is used to catalyze the depolymerization. One
method for preventing or reducing the production of by-products, is to remove the
catalyst from the aromatic diacid or precursor as quickly as possible, but this is not
always possible. An allernative option therefore, is (0 deaclivate the catalyst. A
particularly suitable means for deactivating the cafalyst includes converting it fo an
insoluble, and therefore relatively inactive, form,; and this also assists in removal of
the deactivated catalyst, for example by filtration or sellling out. Deactivation of the
catalyst may be achieved in various different ways, depending upon the nature of the
catalyst. For example, where the catalyst comprises a TiIO% salt, i may be
deactivaled by the addition of ethylenediamineletraaceticacid (EDTA} o form an
inscluble TIO(EDTA) complex. Alternatively, if the catalyst is fitanium
oxyacetylacetonate, it may be deactivated by the addition of water, which hydrolyses
the catalyst to an insoluble titanium oxide. Similarly, where the calalyst comprises a
coball salt or a zine sall, deactivation of a catalyst may be carried out by adding a
soluble oxylate salt, to form an insoluble cobalt or zinc oxylate sali,

[0048] The catalyst can also comprise ong or more catalyzing impurities in the
feedstock. in other words, it is believed that certain secondary malerials can act as
a catalyst for the depolymerization reaction. In some embodiments of the invention,
the catalyst comprises no material {8.9., 8 melal acetate) other than the catalyzing
impurities in the feedstock. Preferable materials with catalyzing-typs activity include,
for example, PVC, a polyamide, and combinations thereof. The polyamide can
comprise, for example, nylon MXDS, nylon 8, nvion 6,8, or an amorphous aromatic-
aliphatic nylon prepared from at least (i} a diacid group selected from terephthalic
acid, isophthalic acid, a naphthalene dicarboxylic acid {e.g., 2,6-, 1,4, 1,5- 2,7-,
1,8-, 1,3, 1.6+ 1.7-, 1,8, 23, 24- 2,5, andlor 28-substiiuted), and 25-
furandicarboxylic acid and (i) a diamine group selected from hexamethylenediamine,
2,4 4-trimethyl hexamethylene diamine, and 2-methyil-1, 5-pentamsthylens diamine.
Preferably, the polyamide comprises at least nylon MXDE.

[0050] Oplionally, the aromaitic diacid and/or aromatic diacid precursor formed in

the process of the present invention may be used fo form frash polyestier material.
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For example, terephthalate acid either formed directly by the depoiymerization of the
polyester-containing feedstock, or produced from a precursor produced in the
depclymerization process, may be combined with a suitable material, such as
monosthylene glycol, to form polysthylene terephthalate. As a further option,
terephthalate acid produced in the process of the present invention may be blended
with virgin terephthalate acid, and the resulting mbdure may be further combined with
monosathyl givoot o form polyethylene terephthalate.

{00511 In cerfain embodiments of the invention, at least a portion of the
gnergyused in the method is derived from one or more renewable energy sources.
Suitable renewable energy sowrces include wind, solar, nuclear, hydroslectric,
gecthermal and physiokinetic energy. Alternatively or additionally, the method of the
invention may be intergrated with one or more processes that produce excess
energy. By utilizing renewable energy sources as well as integrating highly energy
gfficient chemical processes, the carbon dioxide footprint of the overall process may
be reduced or even eliminated.

[0052] In the embodiment illustrated in Figure 1, a depolymerisation unit 10
receives a polysster-containing feedstock 12. The polyssier-containing feadstock 12
comprises 80 wt% or more polyester and 1% or more of at lsast one secondary
material which is not a polyester. The depolymerisation unit 10 also receives g water
or alcohol stream 14, and the polyesier-containing feedstock 12 and the water or
alcohol stream 14 are mixed in the depolymerisation unit 10 under conditions
suitable for the depolymaerisation of the polysster to form an aromatic diacid and/or
an aromatic diacid precursor. Suitably, the conditions for depolymerisation include a
temperature in the range of 150-265°C and a pressure of at least 2MPa. Oplionally,
a catalyst 16 is supplied to the depolymaerisation unit 10. Where used, the calalyst
comprises any compound suitable o catalyse the depolymerisation of the polyester,
such as methyl acetate, a Lewis Acid or a metal acetale. AHernatively or
additionally, one or more of the secondary components in the polyester-containing
feedstock 12 may act as a depolymerisation catalyst {(for example, PYC andfor one
or more polyamides, such as nylon MXD8&). Once a significant portion of the
polyester has been depolymerized (for example, after from 1 to 10 hours} a product

stream 18, comprising an aromatic diacid and/or an aromatic diacid precursor, is
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removed from the reactor 10.  The product stream 18 may be removed in
substantially pure form, or may comprise additional products of the depolymerisation
reaction (for example a giycol such as ethylene glycol) and unreacted starling
materials, including polvester, secondary materials, alcohol and water.

{00653] Optionally, the product stream 18 may be provided {0 a separating unit 20,
such as a distillation unit, filtration unit, crystallization unit or a sublimation unit. The
product stream 18 is separated in the separation unit 20 to produce a relatively
purified product stream 22, comprising an aromalic diacid and/or aromatic diacid
precursor, and a side product andfor solvent siream 24, comprising unreacted
depolymerisation solvent {(alcohol and/or water) and polymerization by-products,
such as ethylene glycol,

[0054] In the embodiment illustrated in Figure 2, a polyester-containing feedstock
12 is provided to a depolymerisation unit 10, as discussed with respect to Figure 1.
An alcohol or water stream 14 is also provided {0 the depolymerisation unit 10, and
optionally a catalyst 18 is also provided. The product stream 18 is supplied to a
distiliation unit 28, which may be, for example, an azeolropic distillation unit, which is
also provided with an entrainer stream 28 Suitable entfrainers include
methylbenzoate, ethylbenzoale, p-ethylioluale, ielralin, dimsthyl naphthalene di-
carboxylate, monomethyl naphthalene dicarboxylate, monomsthyl isophthalate, p-
toluic acid and combinations thereof. In the distillation unit 28, the product stream 18
is separated inlo a relatively purified product stream 30 and a solvent by-product
stream 32. Where the relatively purified product stream 30 comprises an aromatic
diacid precursor, it may be supplied to a hydrolysis unit 34, which is also provided
with a water stream 38. In the hydrolysis unit 34, the aromatic diacid precursor is
hydrolyzed to form an aromatic diacid, which is removed as product stream 38.
Optionally, the aromatic diacid stream 38 is provided to reactor unit 40, which is also
supplied with a glycol stream 42, In the reactor 40, the aromatic diacid and glycol
are reacted to form a polyester, which is removed from the reactor 40 as polyester
product siream 44. As an example, if the aromatic diacid stream 38 comprises
ferephthalic acid and the glycol stream 42 comprises mono-ethylene glycol, the

polyester product stream 44 will comprise polysthylene terephthaiate.
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[0655] In the embodiment shown in Figure 3, a relatively low polyester content
feadstock 46, for example, comprising less than 60 wt% polyester and greater than
40% secondary components, is provided to pre-separation unit 48, Pre-separation
unit 48 may comprise an air elutriation system, a sorting process or a floal-sink
process. Pre-separation unit 46 may alternatively comprise a sysiem in which an
ionic liquid is mixed with the low polvester content feedstock 48 fo differentially
dissolve the polyester and the one or more secondary malerials, and means to
saparate the dissolved and undissclved materials. At least a portion of the
secondary materials are removed from the pre-separation unit 46 as waste stream
50, and a polvester containing feadsiock 12 comprising 60% or more polyester and
1% or more secondary materials is also removed and provided to depolymerisation
unit 10, where it is processead, for example, as discussed with respect to Figure 1
and Figure 2.

[00658] In the embodiment lllustrated in Figure 4, a relatively low polyester content
feed stream 48, for example, comprising less than 80% polyester and greater than
40% secondary material, is provided to mixing unit 82, where it is mixed with ionic
fiquid stream 84. lonic liquid stream 54 may also comprise water and/or one or more
catalysts. The polyester (for example polyethylene tergphthalats) in relatively low
polyester content feed stream 48 is dissolved in the ionic liquid, whilst at least a
portion of the secondary materials are not dissolved. A mixiure of dissolved
polyester and un-dissoived secondary materials 56 is removed from mixing unit 52,
and supplied to filtration system 58, where it is separated into a feed siream 80
comprising polyester and secondary malerials dissolved and/or suspended in ionic
fiquid and, optionally, water. The proportion of polyester and secondary malerials is
80 wi% or more and 1 wit% or more, respeclively. Feed sitream 80 is supplied to a
depolymerisation unit 10, where oplionally, additional water 14 and/or catalyst 16 is
also provided. The polyester is depolymerized under suitable conditions, for
example as discussed with respect to Figure 1, in depolymerisation unit 10, to form
an aromatic diacid, such as terephthalic acid. Product stream 62, comprising
terephthalic acid, water, ethviene glyeol and ionic liguid, is removed from
depolymaerisation unit 10, and supplied to separation unit 84, which may be, for

example, a distillation unit. In separation unit 84, the feed stream 82 is separated to

ek
~¥



WO 2015/103178 PCT/US2014/072637

remove ethylene glycol and a portion of the water as water/ethylene glycol stream
48, and to form relatively purified product stream 68, comprising terephthalic acid,
ionic liguid and water. Relatively purified product stream 88 is provided to
crystallization unit 70, and terephthalic acid is crystalized ouwt and removed as
terephalic acid stream 72, Residual waler and ionic liquid removed from
crystallization unit 70 may be recycled to mixing unit 52 as stream 54. The
terephthalic acid 72 removed from crystallization unit 70, may be further processed,
for example by blending with additional terephthalic acid and/or by reaction with
monoethyvlene glycol to form polyethylens terephthalate.

[0087] The following examples further Hlustrate the invention but, of course,

should not be construed as in any way limiting its scope.

EXAMPLE 1

[0058] This example demonstrates the depolymerization of a polyester-containing
feadstock with methano! and the subsegquent preparation of rTA in an embaodiment of
the invention.

[B058] A feadstock comprising the following components in Table 1 was placed in
a baich reactor with an excess of methanol and 0.025 wt% zinc acetate based on
rPET waste added at 160-200°C and 1700-3900 kPa {17-39 bar) for 1-3 h.

Wi%
{based on
Component total
| composilion)
PET 3
PLA and PC

- Polymers other than PVC,
( PLA or PC with density >

Polymers with density < 1.0 | <1
glics (P8, PE, PP)

SN R - S

Inorganic fillers (e.g., <2
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[0080] After the reaction was siopped, the product stream was filtered to separate
out solid non-PET impurities {e.g., PE, PP, etc.) at 108°C and 500 kPa (5 bar). The
solid waste was removed, and methano! was recycled back to the depolymerization
reactor for subsequent use.

[6081] The depolymerization products, DMT and sthylene glycol, underwent an
azectropic distiliation in the presence of an entrainer. Purified DMT was drawn off
from the bottom, whersas the sthylene glycolfentrainer mixture came off the top.
The sthylene glycol/entrainer mixture was separated by decanting ethylene glycol
from the top, which was then purified for future use. The entrainer was returned to
the distiilation pot.

[8062] The purified DMT was reacted with water at 200-230°C and 1600-3000
kPa (16-30 bar) for 1-2 h to form rTA.

[0063] The purified DMT was reactsd with water at 200-230°C and 1600-3000
kPa (16-30 bar) for 1-2 h to form rTA. The yield of rTA from the recovered DMT and

subseguent hydrolysis was 82 %.

EXAMPLE 2

[0084] This example demonstrates the effect of the presence of PVC and a zinc
acetate catalyst on a PET feedstock in the production of dimethy! terephthalate
{DMT).

[0068] The reactor was charged with 80 g of PET, 640 g methanol, and varying
degrees of PVC and zinc acetats (Table 2). The methanolysis reaction was run at
230°C under 8.5 MPa {850 psig) for 3 h. Al the end of the reaction, the contents
wara recovered and analyzed for the presence of dimethyl terephthalate (DMT). The

resuits are shown in Table 2.

Table 2
R
PV¥C{grams} DMT vield (%)
{wi%e}
56 T seE
,,,,,,,,,,,,,,,,,, s
............. -~ i 5
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{0088} As shown in Table 2, the presence of both PVYC and the zinc acelsts
improved the DMT vield relative {o a PET fesdstock without PVC and/or zine acetate.

EXAMPLE 3

(G087 This example demonstrates the effect of various catalysis on a PET
feedstock in the production of aromatic diacid precursors in an embodiment of the
invantion.

[GO68] A feedstock comprising 150 g PET was combined with 750 g methanol in
the presence of various calalysis. The methanolysis reaction was run at different
reaction temperatures under 8.5 MPa (950 psig) for 1 h. Al the end of the reaction,
the contents were recoverad and analyzed for the presence of dimethyl terephthalate
{(OMT), methyihydroxy-ethyiterephthalate (MHET), and monomethyl terephthalate
{(MMT}, The resulls are shown in Table 3.
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Table 3
Entry Catalyst | TEMP Yield DMT  Yield MHET = Yield MMT
_______________________________________________________________________ (C) | (mol%) . (moi%)  (mol%)
1 none 180 0.4 0.2 00
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ B e R Vi
3 LOH 180 10.2 7.3 05
4 Ca(OH), 180 44.9 16.7 07
x e — = T T
8 Tid{acach 180 90.0 41 0.4 |
\\\\\\\\ I e T T e T
8 Mn{Ach 180 62.5 16.6 0.6
_________ T e e T s T g -
****** W ceso. w54 es oz
In{Ack
" Qe w0 ws 40 04
Til{acack
12 C;SQR 180 91.7 4.0 0.3
- e TN T T T
14 LIOH 200 553 24.5 1.2
= S, ST e e
18 Fe(Ac) 200 | 464 | 273 11
= Oy e e . L —
18 ColAck | 200 | 888 | 44 | 08
= o w6 T P —
20 MglAch 200 317 28.7 1.1
5 L e ¥ g T
ZAC):
22 c;s 0>4 200 90.2 3.9 0.4
. R T D e
24  MeAc(25g) | 230 508 250 28
o s S e BT rame
g | MEAC(ISUG) o 87.5 3.0 0.6
£nAc
[06088] As shown in Tabls 3, zine acetate and titanium oxide acstylaceions {acac)

(see, e.g., enties 2, 11-13, 17, and 22} show high catalylic aclivity in the
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methanolysis of a PET-containing feedstock fo produce an aromatic diacid

precursor, such as DMT.

[8070] Preferred embodiments of this invention are described herein, including
the best mode known to the inventors for carrying out the invention. Variations of
those preferred embodiments may become apparent to those of ordinary skill in the
art upon reading the foregoing description. The invenlors expect skilled artisans o
smploy such variations as appropriate, and the inventors intend for the invention i
be practiced otherwise than as specifically described herein.  Accordingly, this
invention includes all modifications and equivalents of the subject malter recited in
the claims appendsd herefo as permilied by applicable law. Moreover, any
combination of the above-described elements in all possible variations thereof is
encompassed by the invention unless otherwise indicated hersin or otherwise clearly

contradicted by context.

[
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CLAIMS:

1. A method for forming an aromatic diacid and/or an aromatic diacid
precursor from a polyester-containing feedstock, which method comprises contacting
the polyester-containing fesdstock with waler or an alcohol {o depolymerize the
polyester and thereby form an aromatic diacid and/or an aromatic diacid precursor,
wherein the polyester-confaining feedsiock comprises aboul 80 wi% or more
polyester and about 1 wi% or more of at least one secondary material, and wherein

the at least one sscondary malerial is not polyssier.

2. The method of claim 1, wherein the aromatic diacid precurser is at
ieast one of dimethy! terephthalate (DMT), diethyt terephthalate (DET), methyl-2-
hydroxyethyl-terephthalate (MHET), bis-hydroxysthy!l terephthalate (BHET), and
mong-methyl terephthalate (MMT).

3. The method of claim 1 or claim 2, whersin the alcohol is methanol,

4. The method of claim 3 or any one of claims 1-3, whersin the aromatic

diacid precursor is DMT.

5. The method of claim 4 or any one of claims 1-4, whersin the aromatic

diacid precursor is contacted with water to hydrolyze the precursor.

8. The method of claim 1 or claim 2, wherein the alcchol is sthanol.

7. The method of ¢laim 5, wherein prior {0 hydrolyzing the aromatic diacid

precursor, the precursor is isolaled via distillation.

8. The method of claim 1 or any one of claims 1-4 and 8, wherein prior to
any subsequent reactions using the aromatic diacid or aromatic diacid precursor, the

aromatic diacid or aromatic diacid precursor is isolated via distiilation.

[
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Q. The method of claim 7 or claim 8, wherain the distiliation utiizes an

entrainer.

10. The method of claim 9, whersin the entrainer is selected from the
group consisting of dimethyl naphithalene dicarboxylate, monomethyl naphihalene
dicarboxylate, monomethyl isophthalate, p-foluic acid, methylbenzoate,

athylbenzoate, p-methyltoluate, tetralin, and combinations thereof.

11.  The method of claim 1 or any of claims 1-10, wherein the polyester
comprises at least one material selected from the group consisting of polyethylens
terephthalate  (PET), polyethylene terephthalate glycol-modified (PETG),
polyethylene  naphthalate (PEN), polybutylene terephthalate (PBT), and

combinations thereof.

12.  The method of claim 1 or any one of claims 1-11, wherain the

feedstock comprises about 78 wi% or more polyester.

13.  The method of claim 1 or any one of claims 1-12, wherein the

feedstock comprises about 80 wi% or more polyester.

14. The method of claim 1 or any one of claims 1-13, wherein the

feedsiock comprises post-consumer mixed rigids.

15.  The method of any one of claims 1-12, wherein the amount of polyester
relative 1o the at least one secondary material is increased in the feedstock prior to

depolymerizing the aromatic diacid precursor.
18. The method of claim 15, wherein increasing the relative amount of

polyester comprises removing at lsast a portion of the at least one secondary

material from the fesdsiock.
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17. The method of claim 15 or claim 16, wherein the amount of polyester is
increased by a process selecled from the group consisting of air elutriation, a sorting
process, a float sink process, and a process comprising differentially dissolving the
polyester and the at least one secondary material in an lonic liquid and separating

the dissoived and undissolved materials.

18. The method of claim 1 or any one of claims 1-17, wherein the

feadstock comprises about 10 wi% or more of at least one secondary material.

19. The method of claim 1 or any one of claims 1-12 and 14-18, wherein

the feedstock comprises about 15 wi% or more of at lsast one secondary material.

20.  The method of claim 1 or any one of claims 1-19, wherein the at least
one secondary material comprises at least one material seleclted from the group
consisting of high density polysthylene (HDPE), polyethvlene (PE}, polypropylens
{(PP), polystyrene (PS8}, polycarbonate (PC), eihylene vinyl alcchol (EVOH),
poly{ethylene vinyl alcohol), polylactic acid (PLA), polyglycolic acid, poly(hydroxy
butyrate), a synthetic rubber, poly{ethylene-2,5-furan dicarboxylic acid), and

combinations thereof,

21. The method of claim 1 or any one of claims 1-18, wherein the at least
one secondary material comprises at least three materials, each being present in the
amount of 0.25 wi% or more in the fesdsiock, each selected from the group
consisting of a filled polyolefin, an unfilled polyolefin, a chiorinated polymer,
polystyrene, a filled polyamide, an unfilled polyamide, a polymer used as a barrier

coating for packaging, and combinations thereof.

22,  The method of claim 21 or any one of claims 1-19 and claim 21,
wherein the at least one secondary material comprises at least three materials, sach
being present in the amount of 0.25 wi% or more in the feedstock, each selected
from the group consisting of polyvinyt chioride (PVC), high density polyethylene
{(HDPE), polysthylene (PE), polypropylene (PP}, polystyrene (PS), polycarbonate
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(PC), nylon MXD8 (MXDE8), sthvlene vinyl alcohol (EVOH), poly(ethylene vinyl
alcohol), polyvlactic acid {(PLA), polyglycolic acid, poly(hydroxy butyrate), a synthetic
rubber, poly(ethylene-2,5-furan dicarboxylic acid) and combinations thereof.

23. The method of claim 21 or any one of claims 20-22, wherein the at

least one secondary material comprises an inorganic filler,

24. The method of claim 23, where in the inorganic filler comprises at least
one material selected from the group consisting of titanium dioxide, titanium nitride,

wollastonite, montmorilionite clay, calclum carbonats, and combinations thereot.

25. The method of claim 1 or any one of claims 1-18 and 21-24, wherein

the secondary material comprises PVC.

28. The method of claim 1 or any one of claims 1-18, 21-2§, wherein the

secondary material comprises nylon MXDS.

27. The method of claim 1 or any one of claims 1-26, wherein the polysster

is depolymerized in the presence of one or more ionic liquids.

28.  The method of claim 1, claim 25, daim 28, claim 27, or any one of
claims 1-27, wherein depolymaerizing the polyesier includes contacting the polyester-

containing feedstock with a catalyst,
28. The method of claim 28, wherein the catalyst comprises one or more
materials that forms an azectrope with the alcohol or water used to depolymerize the

polvester,

30. The method of claim 28 or claim 28, whersin the catalyst comprises

catalyzing impurities in the feadstock.
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31. The msthod of claim 30, wherein the calalyzing impurities comprise

one or more materials selscted from PVC, a polyamide, and combinations thereof.

32. The method of claim 31, whersin the polyamide is at least one materia
selscted from the group consisting of nylon MXDE, nvion 8, nylon 6,8, and an
amorphous aromatic-aliphatic nylon prepared from at least (I} a diacid group selected
from {erephthalic acid, isophthalic acid, a naphthalene dicarboxylic acid, and 2,5-
furandicarboxylic acid and (i} a diamine group selected from hexamethylenediamine,

2 4 4-trimethy! hexamethylene diamine, and 2-methyl-1,5-pentamethylense diamine.

33. The msthod of claim 31 or claim 32, whersin the polyamide is nvion
MXD6.

34. The method of claim 30 or any one of claims 30-33, wherein the

catalyst comprises no material other than the catalyzing impurities in the fesdstock.

35, The method of claim 28 or claim 29 or any one of claims 2833,
wherein the catalyst comprises a Lewis Acid andfor methyl acstale and/or at least

one metal acetate from Group 1, 2, 7, 8, 8, 10, 11 or 12 of the pericdic {abls.

36. The method of claim 35, wherein the catalyst comprises a Lewis Acid
and/or methyl acetate and/or at least one metal acetate from Group 1, 2, 7, or 12 of

the periodic table.

37. The method of claim 28 or claim 29 or any one of claims 28-33, olaim

35, and claim 38, wherein the calalyst comprises zine aceiats.

38. The method of claim 28 or claim 28 or any one of claims 28-33, claim
35, and claim 38, whersin the catalyst comprises methyl acetate, optionally in

combination with one or more of sodium hydroxide, sodium acetate and zine acelale.
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38.  The method of claim 28 or any one of claims 28-38, further comprising
deactivating the catalyst after depolymerization of at least a significant proportion of

the polyester.

40.  The method of claim 38, wherein the catalyst comprises a Ti0™ salt,
and deactivation of the catalyst comprises the addition of sthylenediaminetetraacetic
acid (EDTA) to form an insoluble TIO(EDTA) complex.

41.  The method of claim 38, whersin the calalyst comprises litanium
oxyacetylacetonate, and deactivation of the catalyst comprises the addition of water

{o hydrolyze the titanium oxyacetylacetonate o titanium dioxide.
42.  The method of claim 398, wherein the calalyst comprises a cobalt salt or
a zinc salt, and deactivation of the catalyst comprises the addition of a soluble

oxylate sali to form an insoluble coball or zinc oxylate salt.

43. The method of claim 1 or any of claims 1-42, wherein the aromatic

diacid comprises terephthalic acid (rTA).

44,  The method of claim 1 or any one of claims 1-42, further comprising

forming rTA from the aromatic diacid precursor.

45.  The msthod of claim 43 or claim 44 further comprising combining the
rTA with monoethylene glycol to form polysthylene terephthalate (PET).

46.  The method of claim 43 or claim 44 further comprising blending the rTA
with virgin terephthalic acid (vTA).

47. The method of claim 46 further comprising combining the rTA and vTA
with monoethylene glycol to form polysthylene terephthalate (PET).
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48, The method of claim 1 or any one of claims 1-47, whersin at least a
portion of the energy used in the method is derived from one or more renewable

energy sources.

48, The method of claim 48, wherein the one or more renewable energy

sources include wind, solar, hydroelectric, geothermal and physiokinetic energy.

50. The method of claim 1 or any one of claims 1-49, wherein the method

is integrated with one or more processes that produce excess energy.

51. A method for forming an aromatic diacid and/or an aromatic diacid
precursor from a polyester-containing feedstock, which method comprises contacling
the polyester-containing feedstock with water or an alcohol to depolymerize the
polyester and thereby form an aromatic diacid andfor an aromatic diacid precursor,
wherein depolymaerizing the polyester includes contacting the polyester-containing
feadstock with a catalyst comprising one or more materials selected from PVC, a

polyamide, and combinations thereof.

52. The method of claim 51, wherein the polvamide is al least one material
sslected from the group consisting of nylon MXDS, nylon 8, nylon 86,86, and an
amorphous aromatic-aliphatic nylon prepared from at least (i) a diacid group selected
from terephthalic acid, isophthalic acid, a naphthalene dicarboxylic acid, and 2.5-
furandicarboxylic acid and (il} a diamine group selected from hexamethylenediamineg,

2.4, 4-trimethyl hexamethylene diamine, and 2-methyl-1,5-pentamethylene diamine.

53. The method of claim 51 or claim 52, wherein the polyamide is nylon
MXD8,

54. The method of claim 51 or any one of claims 81 {o 83, wherein the

catalyst comprises catalyzing impurities in the feedstock.
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85, The method of claim 54, wherein the catalyst comprises no material

other than the catalyzing impurities in the feedsiock.

56. A method for forming an aromatic diacid andfor an aromalic diacid
precursor from a polyester-containing feedstock, which method comprises contacting
the polvester-containing feedstock with water or an alcohol to depolymerize the
polyester and thersby form an aromatic diacid and/or an aromatic diacid precursor,
wherein the polyester-containing feedstock additionally comprises at least one
secondary material which is not a polyester, and wherein prior {0 depolymerizing the
polyester, the amount of polyester relative to the at least one secondary material is
increased in the feedsiock by removing at least a portion of the at least one
secondary material from the feadstock by differentially dissolving the polyester and
the at least one secondary malerial in an lonic liquid and separating the dissolived

and undissolved materials.

57. A method for forming an aromatic diacid and/or an aromatic diacid
precursor from a polyester-containing feedstock, which method comprises contacting
the polyester-containing feedstock with waler or an alcohol o depolymerize the
polyesier and thereby form an aromatic diacid and/or an aromatic diacid precursor,
wherein depolymerizing the polyester includes contacting the polyester-containing

feedstock with a catalyst comprising an ionic liquid,

58. The method of claim 57, wherein the catalysts further comprises at

ieast one Lawis Acid.

59. The method of claim 57 or claim 58, wherein the polyester comprises
polyethyiens tergphthalate, and is contacted with water and depolymerized o form

teraphthalic acid.
80. A method for forming an aromatic diacid and/or an aromatic diacid

precursor from a polyester-containing feedstock, which method comprises contacting

the polyester-containing feedstock with waler or an aicohol to depolymerize the
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polyester and thereby form an aromatic diacid and/or an aromatic diacid precursor,
wherein depolymerizing the polyester includes contacting the polyester-containing
fesdstock with a catalyst, and wherein the calalyst comprises one or more materials
that forms an azeotrope with the alcohol or water used fo depolymerize the

polyester.

81. The method of claim 80, wherein the calalyst comprises methyl
acefate,

2. The method of claim 60, wherein the catalyst comprises methy! acetate
in combination with one or more materials selected from sodium hydroxide, sodium

acetate, and zinc acetate.

83. A method for forming an aromatic diacid and/or an aromatic diacid
precursor from a polyvester-containing fesdstock, which method comprises contacting
the polvester-containing feedstock with water or an alcohol to depolymerize the
polyester and thersby form an aromatic diacid and/or an aromatic diacid precursor,
wheraein depolymerizing the polvester includes contacting the polyester-containing
feedstock with a calalys! and deactivating the catalyst after depolymerization of at

least a significant proportion of the polvester,

84. The method of claim 63, wherein the catalyst comprises a TiO*" salt,
and deactivation of the catalyst comprises the addition of ethylenediaminetstraacstic
acid {EDTA) to form an insoiuble TIGEDTA) complex.

85. The method of claim 63, wherein the catalyst comprises titanium
oxyacelylacetonats, and deactivation of the catalyst comprises the addition of water

to hydrolyze the fitanium oxyacetylacetonate o titanium dioxide.
86. The method of claim 83, wherein the catalyst comprises a cobalt salt or

a zinc salt, and deactivation of the calalyst comprises the addition of a soluble

oxylate salt to form an insoluble cobalt or zinc oxylate salt.
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87. The method of claim 51, claim 56, claim §7, claim 80, claim 83, or any
one of claims 51 o 58 and 60 to 88, wherein the polysester comprises at least one
material selected from the group consisling of polysthylene {erephthalate (PBT),
polyethyiene terephthalate glycol-modified (PETG), polysthyiene naphthalate {PEN),
polybutylens  terephthalate (PBT), polylactic acid (PLA), polycarbonate, and

combinations thereof.

88. The method of claim 51, claim 58, claim 57, claim 60, claim 63 or any
one of claims 51 to 67, wherein at least a portion of the energy used in the method is

derived from one or more rengwable energy sources.

6%. The method of claim 88, wherein the one or more renewable energy

sources include wind, solar, hydroelectric, geothermal and physiokinetic energy.

70. The method of claim 51, claim 58, claim 57, claim 60, claim 63 or any
one of claims 81 to 89, wherein the method is integrated with one or more processes

that produce excess snergy.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-50

Method for forming an aromatic diacid and/or an aromatic
diacid precursor from a polyester-containing feedstock
comprising 60 wt% or more polyester and 1 wt% or more of at
least one secondary material by hydrolysis or alcoholysis.
The water or alcohol depolymerises the polyester.

2. claims: 51-55(completely); 57-62(partially)

Method for forming an aromatic diacid and/or an aromatic
diacid precursor from a polyester-containing feedstock by
hydrolysis or alcoholysis in the presence of a catalyst
comprising one or more materials selected from PVC,
polyamide, and combinations thereof.

3. claims: 56(completely); 57-62(partially)

Method for forming an aromatic diacid and/or an aromatic
diacid precursor from a polyester-containing feedstock
comprising additionally at least one secondary material by
hydrolysis or alcoholysis, and wherein prior to
depolymerizing the polyester, the polyester amount is
increased by differentially dissolving the polyester and the
at least secondary material in an ionic liquid, and
separating the dissolved and undissolved materials.

4. claims: 63-70

Method for forming an aromatic diacid and/or an aromatic
diacid precursor from a polyester-containing feedstock by
hydrolysis or alcoholysis in the presence of a catalyst and
deactivating the catalyst after depolymerization of at least
a significant proportion of the polyester.
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