TH 458 PROCESS FOR RECYCLI NG M XED POLYMER CONTAI NI NG
PO-YETHYLENE TEREPHTHALATE This invention relates to a process for
recovering polyester polyners froma nixed polyner recycle streamthrough
“"use of a solvent that selectively dissolves polyester polymers and
sukstantially rejects dissol ution of nost, at her pol ymers expected to be
.present in the m xed polyner recycle stream Mre particularly, this
‘invention relates to a process for-recovering polyethyl ene tereit it e,
typically in the formof carbonated soft drink bottles, froma m xed
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f or separ at i ngoPFEstesmpolymersoepde ssbsitandially rejects
dissolution of most other polymers expected to be
present in the mixed polymer recycle stream. More
particularly, this invention relates to a process for
recovering polyethylene terephthalate, typically in the
form of carbonated soft drink bottles, from a mixed
polymer recycle stream typical of that generated by
curbside collection of post-consumer recycled plastics.
The recovered polyethylene terephthalate is
advantageously recycled by combining it with
polyethylene terephthalate prepared from typical raw
materials and increasing the molecular weight of the
combination through additional processing.

A variety of methods have been proposed for
recycling PET, with or without other polymers. On a B
commercial scale, PET is generally depolymerized to
oligomers or PET monomers which are subsequently
utilized as a raw material in the preparation of
recycled PET resin. Such depolymerization provides a
route for separating PET from other polymers. However,
it would be preferable to avoid the processing costs
associated with depolymerizing and then repolymerizing
the PET polymer. It has now been found that PET can be
recovered from a mixed polymer recycle stream through.
use of a solvent that selectively dissolves the
polyester polymer while maintaining therolyester
polymer as a polymer, and in which the ¢ .

Y
" NN
XN

other polymers




.found that PET can be recovered froma m xed pol yner recyc

use of a solvent that selectively dissolves the polyester

med ntai ni ng the pol yester polymer as a_pglymer, and in which the other
Y pol yners : present in the m xed pol ymer recycle streamare

substanti al | predexslnlirbltehe mixed padgmel nmpgycléestreameare nventi on

provi des a prﬁﬁ%ﬁ% & pol yester polyner froma m xed polyner”
recycle stream conrtqalln]i%eﬁp%loell ea%t 35 wei ght percent pol yester polyner,
and  other pol ymrsijd*gldé the presadhdnvention rawidemia vi nyl

chloride, polgiided£neor %W%ﬂf%l@}eﬁ%ﬁ’%ﬂ e pSOPREESes: -
1) contactg@g{the pol ner nlxture wi t°h igchen1cal was h solvent 10 in

whi ch pol yes 5k dfash 137 iVRIARBIREEGRRT BRAYRS Y
chloride is aolaast wmrdn eddmpﬁ,(yegzl-e and separating the resulting

cont am nat ed .cheni ¢ | vent, fraom.t, re d pol yrer
recycle stre <an aéc’%ﬁ{gasc%% %etreg}ldﬁ%\'] %%ec?lﬁfo‘fw recycl e stream
at a 15 tenper at trempdrataeen w11:4i)[aersrdl@ctanxé sA5femrty i@ whiitdh a di al kyl

t er epht hal at ean %kly dote ng[}%tr% 's%lll%lé SQR “Ji?leazt %oﬁjmefg al kyl

napht hal at e, St ures ther 60
are substantially 1nsoluble,

ii) separating the polyester-containing selective
solvent from the undissolved residue;
iii)and separating the polyester thereby recovered.

In a preferred embodiment of the invention, a
chemical wash step is included subsequent to the
standard water wash preparation, and prior to
contacting the mixed polymer recycle stream with the
selective solvent for polyester. In either of these
embodiments, the recovered polyester is preferably
combined with a "virgin" polyester that has been
prepared from standard monomers (e.g. terephthalic acid
and ethylene glycol), and the combination is further .
processed to increase its molecular weight.
Alternatively, the recovered polyester may be further
processed in isolation to form a product with 100%
recycle content.

it would be preferable to avoid the processing costs ass .
depol ynmeri zing and then repol ynmerizing the PET pol yner. ﬁmﬁﬁﬁr

Polyester polymers include a variety of
condensation polymers formed by the combination of a
dicarboxylic acid or diester thereof and a dihydric
alcohol or glycol. The polyethylene terephthalate
(PET) in the recycle stream is typically comprised of
repeat units which are derived from terephthalic acid
or a diester thereof and ethylene glycol
(1,2~-ethanediol). However, it is understood that the
PET can also be modified with small amounts of other
monomers. Such modified PET can contain small amounts
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cyclohexanedimethanol can be utilized in the glycol

component used in preparing the modified PET.

Normally, no more than about 15 weight percent of the

repeat units in such modified PET will be comprised of

diacids (or diesters) or diols other than a

terephthalic acid and ethylene glycol.

Other polyesters include polypropylene
terephthalate (PPT), polybutylene terephthalate (PBT),
polyethylene naphthalate (PEN), and polybutylené
naphthalate (PBN). PPT is derived from terephthalic
acid or a diester thereof and propylene glycol (e.g.
1,3-propanediol). PBT is derived from terephthalic
acid or a diester thereof and 1,4—butanediol. PEN is .
derived from a naphthalene dicarboxylic acid, such as
2, 6-naphthalene dicarboxylic acid, or a diester
thereof, and ethylene glycoi. PBN is derived from a
naphthalene dicarboxylic acid or a diester thereof, and
1,4-butanediol. PET is the most common polyester
currently present in the recycle stream, and will be
used herein in an exemplary fashion. However, the
subject invention is applicable to, and is intended to
encompass, a variety of polyesters, alone or in
combination.

The mixed polymer recycle stream collected by
commercial recyclers (through curbside collections,
etc.) will usually have PET contents ranging from 25
weight percent to 75 weight percent. For economic
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' .by physically separating the non-PET containers from
the PET bottles. This can be accomplished either
manually or with automatic equipment. Optionally,
colored PET containers (e.g. green carbonated soft
drink bottles) may be sorted out by the recycler,
leaving a predominantly clear PET recycle streamn.
Bottle sorting will typically increase the PET content
of the recycle stream to between 65 weight percent and
90 weight percent, and is typically limited by the
foreign materials used for the containers' labels,
lids, and basecups. The PET in the recycle feed stream
will usually be derived from PET molded into bottles,
trays, and other containers, but may also be derived
from other articles, such as fibers, molded sheeting,
blister packs, strapping, and film. The PET is
typically crushed or ground into "flake" and charged
into a water-filled vessel where many foreign plastics
(high density polyethylene, polypropylene, expanded
polystyrene, etc.) will float and cah be easily
removed. By combining bottle separation and a simple .
sink/float step, the PET fraction can easily be
concentrated to 90 weight percent or more.

PET beverage bottles are typically ground into
flakes which have a cross-sectional area of from 10 mm2
to 150 mm2, generally from 40 mm2 to 100 mm2. The
thickness of the flakes varies with the wall thickness
of the bottles which are being recycled. The PET can
contain catalyst deactivators, such as phosphates, and
other additives, such as impact modifiers, process
aids, fillers, pigments and dyes (organic and
inorganic), ultra-violet light stabilizers, and
antidegradants.

The recovery process is preferably applied to a
mixed polymer recycle stream which contains a high



I nstance, a shall anount of 1, 4-butane diol or cycl ohexanedi met hanol can be
utiilized in the glycol conponent used in preparing the nodified PET.

_Normally, no nore than about 15 wei ght percent of the repeat units in such

n

nodi fied PET will be_conprised of diacids (or diesters) or diols other than
asterephthalic acid and ethyl ene gl ycol. g - QOher polyesters include

-pol ypropyl ene terephthal ate (PPT), polybutylene terephthalate (PBT),

pol yet hyl ene prgpatfacn ef Fﬂ_ﬂ\'l),, mmmmmmemmeﬂm PEREN S PPTI is
d df I
erived fromj nxgegﬁmef? %gﬁ %a?nﬂj el died tJh:?%é” c?l@ g'yco

(e.g. 1,3-propa rived fromterep al1c aci a diester
t her eof and FW%N-ané‘Eﬂ"(ﬁvquEr@l}% Qferﬁ%cﬁ‘#‘f%ﬂﬁaé%p?ﬁ tfé}%rﬁélhﬂ%%ﬁ boxyl i ¢
acid, such asﬂ_rg,eﬁ-;ﬁmhtll"@lﬁga &b clairthp @gég ixe PSS t hereof, and

i ot or t her dBrvingPRY m&%%fp@ Tl Hherbon g a0 d or @
di ester ther

curr elnt Iy ]Ici)l’ %:EI‘E remsdrmblee:ymsat.st rHams atitewé fdrdapeatddeitto i N and _
exenpl ary fas 0 e to, and is
i ntended to £ccgpr$p]aes e%sr é‘%}sﬂl}é feés]tﬁrn&lga efsgrQJe rg%corrbl nati on.

The mi xed polgamenmcfiﬁtﬂr,e agid ezan e |eftfiari dnt lgomtridized rfsaycl ers (t hrough
curbsi de col | getjons, s@fe%ﬁas Wdd i Ve S e (Y PredRN e, from 25

wei ght percent to 75 wel percent.. econom ¢
based upon total recycle stream weight. It is

preferable for the mixed polymer recycle stream to have
a PET content of at least 65 weight percent especially
from 80 weight percent to 95 weight percent PET, based
upon total recycle stream weight. The mixed polymer
recycle stream could have a PET content as high as 100
weight percent PET, based upon total recycle stream
weight. _

It is preferable for the mixed polymer recycle
stream to have been water-washed by the recycler.
Colored PET articles may be included, but will have an
impact upon the color of the PET recovered by the
process. Consequently, it is preferable for the mixed
polymer recycle stream to contain predominantly clear
polymers. Although it is desirable to have non-PET
polymers removed to the extent practical, one of the
advantages of the subject invention is that it can
accommodate the presence of other polymersw(e.g;
ethylene vinyl acetate, polyvinyl chloride,
polyethylene, polypropylene, and polystyrené) in the
mixed polymer recycle stream.

It is preferable that the mixed polymer recycle
stream is chemically washed prior to contact with the
selective solvent for PET.

In the chemical wash step, the PET is contacted
with a chemical wash solvent to remove various
impurities in the mixed polymer recycle stream. Such



-4- reasons, it is desirable to increase the concentration of PET in this
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solvents dissolve less than 1 part per hundred (pph)
PET, measured as parts PET per hundred parts of solvent
at room temperature. Suitable chemical wash solvents
may be broadly classified as moderately polar,
oxygenated hydrocarbon materials that will not
depolymerize the PET and generally have boiling points
from about 50°C to about 200°C, to allow efficient
dissolution of polyvinyl chloride and/or other polymers
present in the mixed polymer recycle stream. Such
oxygenated hydrocarbons include esters, ethers, and
ketones with a total of three-to sixteen carbon atoms.
Such oxygenated hydrocarbons may be aliphatic or
cyclic, but are generally non-aromatic. When the
compounds include alkyl groups, such alkyl groups
generally contain from one to four carbon atoms.

A preferred group of chemical wash solvents
includes methyl ethyl ketone, tetrahydrofuran,
tetrahydropyran, cyclopentanone, alkyl-substituted
cyclopentanones, hexanones, hexanediones,
heptanediones, octanediones, alkyl malonates, diol
diacetates (e.g. ethylene glycol diacetate, propanediol
diacetate, and butanediol diacetate), alkyl-substituted
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to the extent practical, one of the advantages of the subject invention is
that it can tetrahydrofuran and water may be employed as the

chemical wash solvent. Cyclohexanone, cycloheptanone,

alkyl-substituted cyclohexanones, alkyl-substituted

cycloheptanones, amyl acetate, amyl propionate, diol

diacetates, dibutyl phthalate, heptanediones, and

mesityl oxide are particularly useful if polyolefins

are present in the mixed polymer recycle stream, since

these solvents dissolve polyclefins, in addition to

dissolving polyvinyl chloride and polystyrene.

The chemical wash solvent is contacted with the

mixed polymer recycle stream in ratios of from 0.5:1 to

10:1, preferably 1:1 to 3:1, based upon weight of

chemical wash solvent to mixed polymer. The chemical

wash step may be completed with one cycle of contacting

the chemical wash solvent with the mixed polymer, or

multiple washes may be employed. When multiple washes

are employed, the ratio of solvent to polymer is lower

than for a single wash, and may provide a cleaner

product. Continuous washing may also be used, with

further reduction in the amount of wash solvent

required per weight of polymer. Countercurrent washing

is another useful method.

The chemical wash solvent may be employed at

ambient temperatures and under mild conditions. To

minimize the contact time required, it is generally

preferable to utilize the chemical wash solvent at

elevated temperatures, preferably from 50°C to 200°C.
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polymers present w1ll vary depending upon the solvent
and the wash temperature, but will generally be from

“about 5 minutes to about 60 minutes.

The chemical wash step is preferably conducted at
or near atmospheric preSsure, although higher pressures
may be used. The PET may be contacted with the _
chemical wash solvent by any conventional method, and
using conventional equipment for the operating
conditions employed. The chemical wash step is
conducted, for example, by combining the PET and the
chemical wash solvent in a stirred tank reactor. The
resulting contaminated chemical wash solvent may be
separated from the residual mixed polymer recycle
stream through a gravity separation, filtration,
screening, centrifugation, or other equivaleht methods.

It is preferable to remove as much of the chemical
wash solvent as is practical from the chemically-washed
residual mixed polymer, since any entrained chemical
wash solvent will retain the impurities removed from
the mixed polymer. A preferred method of separating
the chemical wash solvent from the residual mixed
polymer includes removal of the chemical wash solvent
by gravity separation followed by displacement with
another solvent, which may be the selective solvent for
PET.

In the PET dissolution step, the PET is contacted,
at an elevated temperature, with the selective solvent,
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will 1ncrea51ng the temperature of the selective
solvent, as long as the temperature is not so high as
to cause decomposition in the polymers present.

The selective solvent of the invention is a solvent
that selectively dissolves PET without significantly
dissolving other polymers that may be present, such as
polyethylene, polypropylene, polystyrene, and polyvinyl
chloride. Some molecular weight reduction in the PET .
may occur, but the PET is maintained in a polymer form.
The molecular weight reduction that occurs in the PET
is accommodated thfough subsequent processing to
re-build the molecular weight.

Suitable selective solvents may be broadly
classified as moderately polar, aprotic materials that
do not depolymerize the PET and have boiling points
greater than 180°C, to allow efficient dissolution of
PET at an elevated temperature. Preferred solvents
dissolve less than 1 pph of other polymers that may be
present in the mixed polymer recycle stream, measured
as parts of polymer individually dissolved in a given
solvent at elevated temperature (typically 170°C to
250°C) . Such solvents includes diethyl glutarate,
dimethyl succinate, dimethyl sulfoxide, diphenyl
sulfone, phenol, and sulfolane. .

A preferred group of solvents includes those which
are considered "native" to the polyester polymer
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wei ght of polyner. ercurrent washing I's anét usefu

d. The

cheni cal wasHiserbenyligy asddenpsegbdast damstbyl tewgphihaleseandngnder
mld conditl Q'E!ﬁy_l@ﬁa”bﬁkﬁbﬁﬁtbDewﬁ%haﬁ'ili' Hﬁcbﬁ%béf@o Ebg&nts general |y

preferable to ufilize the chem cal wash solvent at el evate

. e
preferably fRSRYSEREr BL¥CPé 2pO[ EpFpen dioxide on exposure to

nper at ur es,

water, are encompassed within this group of solvents.

Specifically, a particularly preferred group of

selective solvents includes dialkyl terephthalates,
dialkyl phthalates, dialkyl isophthalates, dialkyl

naphthalates, and mixtures thereof, and alkylene

carbonates and mixtures thereof. Specific examples of

particularly preferred selective solvents include
dimethyl terephthalate, dimethyl phthalate, diethyl

terephthalate, dimethyl isophthalate, dimethyi

2, 6-naphthalene dicarboxylate, and mixtures thereof,
and ethylene carbonate, propylene carbonate, and

mixtures thereof.

Although these preferred selective solvents are
characterized as non-depolymerizing, some molecular

weight reduction may occur in the PET coincident with
dissolution in the solvent. The amount of molecular

weight reduction which occurs may be controlled

through

careful selection of the selective solvent, and by
minimizing the amount of impurities present in the

selective solvent. Some water is expected to be

present in the selective solvent, and/or carried with

the mixed polymer waste stream, which will resul

t in

some hydrolysis and molecular weight reduction of the

PET polymer. 1In addition, some of the preferred

selective solvents, such as ethylene carbonate, may

generate decomposition byproducts, particularly
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Lower tenperatures may be required dependi ng upon the boiling point of the
chem cal wash solvent. For exanple, when cycl ohexanone is enployed, the
.preferred tenperature range is from 125[err]C to 160[err]C. The upper
tenperature limt is determ ned by the boiling point of the chem cal wash
sal vent and the stability of the pol yneng, —and should not be so high as to
-deconpose the polyners. The anmount of contact tinme required to

subst anti al | gldivateldvéeppleyaituyieschl Ghiedprasehce otthethydleyee g yoads ent

wll vary de ngi . d- h r Wi | |
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and u naI equi prrent
for the operBFPﬁSn oﬁﬁlFFBN%eéﬁpFG§EHna?ﬁe°€h§§ﬁc§l%ﬁé E%ﬂﬁﬁ“@é conduct ed,
for exanple, cbrbenahemsagvbhesPETmaddubetehrenappbawa&bssol vent in a

i d k I h
be. separ at oS PPERPEIRIFCECaiEr HeRBHoBaPlner PCh.LbRE Ek e n Bty 8 |
gravity sepapabwade fi higheromplecudem weligbéntreitengdbnoan &heot her

equi val ent ”?Eg8géred PE&t Fggge%ferable to renove as nuch of the chem cal
wash sol vent “as romthe chen1callé washed residual m xed
g

pol yner, since aﬁpeenreaﬁﬁée eheipurikdsE 48| (BAt Selprtiveasplvgat

i mpurities rﬁ59VB€ ﬁtQEthﬁ beéénﬁlenﬁhe ﬁo@ééﬁ@é&edeﬁghhoérOf separating
t he chem cal sh solvent fromth % & si dual |ncluggs renova
a

of the cheni sBFF#BSACSELFERELLY § yr§EBXFEF§oﬁB&o¥F8ﬂB&tby P&pl acenent
wi th anot her exahpéet,, ithaahalkikyleaet barbehatkei sachobhgerthiviensET.

carbonate is utilized as the selective solvent, it will
contain some impurities, such as water and ethylene
glycol, which will hydrolyze and reduce the molecular
weight of the recovered PET product. Some impurities,
such as ethylene glycol, may be generated through use
of the ethylene carbonate under normal operating
conditions. The level of such impurities may be
controlled or maintained (through addition or removal
of the impurities from the selective solvent) at levels
that will provide a recovered PET product with a given
molecular weight or intrinsic viscosity. Other
variables, such as PET contact time with the selective
solvent, and the temperature of the selective solvent,
will also influence the recovered PET product. Those
skilled in the art will be able to adjust the digestion
time, temperature, and levels of impurities to achieve
the desired molecular weight or intrinsic viscosity for
the recovered PET product, to allow optimum use of the
PET product in subsequent processing.

Minimizing the presence.of water, ethylene glycol,
and other materials that will cause molecular weight
reduction in the PET polymer is an alternative, and may
be achieved through use of relatively pure solvents and



In the PET dissolution step, the PET is contacted, at an el evated
tenperature, with the selective sol vent, to forma sol vent
.solution containing PET. The sol vent sel ectively dissolves PET while
mai ntai ning the PET in pol ynmer form and substantially rejects

di.ssol ution of the other pol yners prgsent in the m xed polyner recycle
.5 stream The size of the PET particles affects the rate of

di ssol uti on &y maxiPEring Wedede|mamavad sixomertthe PET siwidsequent diaes

di ssol ve nor ¢ GurClasnitdn | #3ClexampIRA! WHS S IRAMISE RirdaiA) Srface

area exposed to the solvent). Agitation of thé PEl particles in the 10
sel ective soM@&s af |Ghessedechiveyispliventer ithdsppreferable \§figy thereasing

thte temﬁ_erﬁt lért%yqfer%m:a&@o%tgieveto cqn?:f?ii\tﬁ_rltestsaﬂ:ﬂa@xlngsa%atﬁt% tp@ﬂtoerature i's
not so high as... to cauyse deconposition in 0 IS .present.

The sel ecti vé"é'&lle’é’nt(pﬂ“gt Wéti%émsaf?qss t&‘aé’o%e%tp"{%&ten?el ectively

gi ssol ves PE§lwiddlqut Asipgfyiffeir&@ai method (ﬁos:scﬁediwag.r@t Itezlre pol ymers t hgt may
e present, : et p r , rene,_ an

be resent. SugloALies, AU \BRy PO RS RS G 2d
occur, but tkarREDh &heaiuseaiofedeol if ety molecwlar Zdevee nol ecul ar wei ght
reduction thalsgditUntd n HierBahY sorle® AGRATINARY GHY Gy iutbeauent

re-build the nmo I ght S

processing tag ecul ar we . uitabl e selective

sol vents nay iFe theoFRTy is expesdad ited ogsUddhe: B0 YSSEET, PoIBe

material s thdfs maintained in polymer form. For example, the
polyester polymer should contain at least 16 repeating
units in the polymer chain. One of the unique aspects
of the subject invention is the advantageous
utilization of the recovered PET through subsequent
processing to rebuild its molecular weight.

It has been found that the aromatic ester selective
solvents, such as dimethyl phthalate, provide a higher
molecular weight PET polymer recovered after
dissolution, due to greater molecular weight retention
throﬁgh the dissolution step. This molecular weight
retention is advantageous in that less processing is .
required to rebuild the molecular weight in the
recycled PET polymer product. '

The alkylene carbonates also offer a surprising
advantage. Although the molecular wéight of the PET
polymer recovered after dissolution in the selective
solvent may be lower due to the presence of impurities
present in the alkylene carbonates, the molecular
weight distribution of the recovered PET polymer
indicates a polydispersity of about 2, essentially the
same as that of a virgin melt polymerized PET polymer,
even when the mixed polymer recycle stream has a
polydispersity of greater than 2. This indicates the
PET polymers present in the mixed polymer recycle
stream are substantially equilibrated, with the high



25 do not depolynerlze t he PET and have boiling p0|nts ) reat er th n
180C, to allow efficient dissolution of PET at anel E‘Iﬁﬁ ﬁ
r

_Preferred sol vent s di ssolve Il ess than 1 pph of othe

be present in the mxed polyner recycle stream meas

of: pol yner individually dissolved in a ghven solvent at el evated
.tenperature (typically 170[err]C to 250[ err] : A preferred

group of sol andt oWwnmbleeunlamoweighitciractiane adous&ede@o"papwmae to the

pol yester poly . Q ecover ed,
meani ng thatgtﬁsﬁgdﬁsgerSlty of ab?“t 2 dec If lgsés de%ofﬁFlFawﬁnaterlals

that are usepbtaip a re#ﬁNﬁﬁQdPEETaﬁelymﬁFIHitboﬁy5§i¥ﬁlﬁ§ﬁyﬁéﬁy

Di carboxylICcanpa§ab§uchoa%lka&apbbhahEQ aasé afdthe amkyqeh%, such as
et hyl ene glycol, are not enco n_this ag% Qf solvents
e

since these RAFEPPALS SEleﬁFFWedéﬁgW§H§F|%§ PﬁéfPEfed it diSesters of
t he di capbet;elrablec tdsmainthias tenpoliydispeeplitipabdt ¢heamd xed

et hyl ene carbgnat e wi | L _deco e _t.o | gl ycol and
car bon d|0X|8898he§x §§F&e Strgaﬁ aggé 0% Fgg %%é%ﬁgféeésﬁgghln this group
of sol vents. selectSpecsbﬂ&ahtﬁ is paefecubdnly preferred group of

sel ective sol VenEﬁF' ArbUARS of! BbkXbriEeRBt HahR! 8Spa sPouﬂaabgy'

pht hal at es, di al I sopht hal at es, E nap at es al kyl ene
carbonates &BEE lﬁﬂ?@ﬁré? digEPLEE. the PEBpAR| pj £eaRARAPAS BROPALt| cul arly

preferred sebgctime.SOlth@NE8lective solvent is suitably contacted
with the mixed polymer recycle stream in ratios of from
1:1 to 19:1, preferably from 1.5:1 to 9:1, especially
from 2:1 to 5:1 based upon total weight of selective

solvent to PET present in the mixed polymer. _

The selective solvent is contacted with the mixed
polymer recycle stream in amounts sufficient to produce
a selective solvent solution containing from 5 to 50,
preferably from 10 to 40 and especially between 15 to
35 weight percent PET.

The selective solvent is employed at elevated
temperature, to ensure efficient dissolution of the
PET. The seleétive solvent and PET are suitably
contacted at temperatures of from 140°C to 285°C,
preferably from 170°C to 250°C, and most preferably from

. 200°C to 230°C.

The PET dissolution step is preferably conducted at
or near atmospheric pressure, although higher pressures
may be used. The PET may be contacted with the
selective solvent by any conventional method, and using
conventional equipment for the operating conditions
employed. The PET dissolution step is conducted, for
example, by combining the PET and selective solvent in
a stirred tank reactor. The resulting solvent
containing PET may be separated from the residual waste
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i ncl ude di methyl terephthal ate, dinethyl phthalate, diethyl di et hyl
t erepht hal at e, di nethyl phthal ate, diethyl t er epht hal at e, di net hyl
.isopht hal ate, dimethyl 20 2, 6-naphthal ene di carboxyl ate, and m xtures
t her eof and et hyl ene carbonate propyl ene carbonate, and

-xtures T her eof . Al t hough thegsg preferred selective solvents are
-characterized as non-depol yneri zi ng, sone nol ecular 25 weight reduction
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di esters appé&&lecddye solvent may llberate the encapsulated
polyoclefins, contributing to the polyolefins layer.
This polyolefin layer, which typically floats on top of
the solvent, is removed from the solvent by phase
separation, skimming, or other equivalent means. The
residual waste stream, from which the selective solvent
is separated, contains aluminum, glass, rocks,
cellulose, wood, rubber, etc.

The seiective solvent containing dissolved PET,
after separation from the residual waste stream and any
polyolefins present, can be separated from the PET by
precipitating the PET as a fine powder. The selective
‘solvent is then removed from the PET, resulting in a .
recovered PET product that may be processed further to
increase its molecular weight.

As is known to those skilled in the art,
precipitation of the PET may be induced by either
cooling the selective solvent to reduce the solubility
of the PET in the selective solvent or by adding a
second solvent, referred to as a nonsolvent, to the
selective solvent which results in the rapid
precipitation of the PET as a fine powder. U.S.
4,064,079 describes the recovery of PET by temperature
swing crystallization and G.B. 1,201,523 describes the
recovery of PET by nonsolvent addition to a solvent.

Nonsolvents for PET may be chosen from a broad
category of materials. They are in general less polar



suscepti bl e to the generation of such inpurities,

and provide a higher

mol,ecul ar wei ght retention in the recovered PET product. The presence
of inmpurities in the selective solvent may be utilized to control the
nol ecul ar weight or intrinsic viscosity of the recovered PET product.

exampl e, if an al kyl efte carbonate such a

e
the selective solvent, it will contain séﬁe i mpurities, such as water
et hyl ene gl ycghanwtheh selldethy@d glolzentzd mﬁdwm@rthelmﬁkaauﬁ@m-welght of

the recovered P T oduct npur such as.eth ne ,qgl ycol,
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Tpeih&sekhah $hehseﬁpumuWBeso&upnmefbmnbaebled aecosmertyai ned

condi ti ons.

at levels that w

e a‘recovere

For

thyl ene carbonate is utilized as

and

may be

a given nol ecul ar

(through addlghapflrgrogpé%hegfshg%ldngﬂﬁb%bgs %&%gh %ﬁ%ﬁlegglve sol vent)

wei ght or i nt feAeCELvies Sedivept eﬂﬁérth&rd§§ﬂ§§d rapgeaofPeperatiag time

with the Se|eEbhH§t§%b%enh condehientermeiaklia b LR takeehkews gl vent,
w il also |anue he recovered PET. product. Those skllled in the art

will be able ¥gs dF& veptre Qi g’sQPF&nthﬁnequtlewseFaifeHélrsﬁid Pével s of
I mpurities tosatkieate relbgcdesi red nol ecul ar weight or intrinsic viscosity

Subsequent pr ocosEFRGBLEkEkn bY; Ryer KeR rellnEHS s o1 ab i vectalvaRE
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gl ycol, and ooheurﬁaaémpatslmnadlwtbﬂycapsa theeeddatiami gifit theduction in
the PET pol ynREnLSca%edkt %nghnéen@ad BRYeR® arhi sE¥edniliaugh ugg of

relatlvely pure sol vents and

addition to the use of a backmixed vessel, numerous
devices, such as fluidic mixers, static mixers, and
high shear pumps, can serve to rapidly mix the two
streams. Such devices can accomplish the complete
precipitation of the PET from the selective solvent as
a fine powder in less than 30 seconds. This
precipitation can occur in a line, minimizing the need
for long residence time vessels downstream of the
mixer.

With either method of precipitation, it is
necessary that considerable heat be removed from the .
solvent solution. This may be accomplished by a number
of methods, two of which are described here. In the
first method, the PET powder/selective solvent slurry
is circulated over externally cooled heat transfer
surfaces to remove heat from the vessel. The heat
transfer surfaces are generally cooled with water,
although other mEdiuﬁs, such as oil or other process
streams requiring heat, may be used. With this mode of
operation, the cooled heat transfer surfaces sometimes
experience significant fouling by the precipitation of
the PET product, or a mixture of PET product and
solvent. The fouling can significantly reduce heat
transfer rates which is detrimental to operation of the
precipitation vessel.



-12- by maxim zing water renoval fromthe PET subsequent to water washing.
For exanpl e, when ethyl ene carbonate is used as the selective solvent, it
is preferable for the ethylene carbonate to contain |less than 35 parts per

"mllion (ppm water and | ess than 25 ppm ethylene glycol. A preferred

met hod for reducing the inpurities, suchgas water, from ethylene carbonate

.1s through the use of zeolite or nol ecul ar sieve adsorbents. Although sone

mol ecul ar wei ght Ar edgondonptionh&oPEleas eepovadd fromotber sotliventol yest er
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uni que aspeckedef ofhererBitden.i AverEciRitatine Yessalageyubeutisedzat i on of

t he recover egdnBESpkitadednbyUBRRANARAE pR1AEISR BE Hies’ ehitielrthallt s N0l ecul ar
wei ght . |t has been fo%hd t hat the arﬁé ti Fest el ective sql vents,

r
such as di metAPPCIRLHELaBY BroFSULeash: & o SEILEC Iy ROFER bl yirer
recover ed af méxtdiresobut noasodventopdnsaisel entilieeulsal veritgniixtarent i on

t hrough the di |yt st.ep hj Lecul.ar. .wei ght . re ti.on . 0.S .
advantageousgPiigth ?§§85§rSEgséﬁﬁgofsaﬁégﬁFrgagt%hPekﬁgF& %ﬁ@i&8PECular
vei ght in thefr bpecP&d.PENepedyantageoddcreflux Theldngylisnshedr kheat es

al so of fer ahéHEpEgéhEQegdéggﬁéﬁés ébtﬁ?#gth erapliagy. arnwel gt of the PET

pol ymer recovered ter di lutiaon 1n e selective 5o0lvent nmay be | ower
due to the pPesanse &he fpQrirPe8ipitbseRET ROWAETaSRYWFENe 1€ar bonat es, the

ol ecul ar wepgbbm@ilikhedublyOBo@fll ihge thec geeeed iRET spokener mikiugales a
polydispersit of _abqut %, sgentiall v;he %netas.t%at of ,a yirgin nelt
pol yneri zed ﬁéTnBB§?ﬁ3FP epgﬁ whghe ﬁé ﬁlf@g FByerPEEy c 8 eam has a
precipitation vessel. The externally cooled heat
transfer surfaces are never exposed to the PET slurry
which has a tendency to foul cool surfaces.
In the -case of a reflux cooled precipitator, a
second solvent, called a reflux solvent, can be added
to the wvessel to favorably adjust the boiling point of
the PET powder/selective solvent slurry. This might be
done so that vacuum operation of the precipitator
vessel is not required to boil the selective solvent
mixture at the desired precipitation temperature. The .
reflux solvent can also act as a nonsolvent to aid in
the precipitation of the PET powder from the selective -
solvent. Note that it is not generally required that
the reflux solvent be soluble in the selective solvent,
but it is required that the reflux solvent not react
with the selective solvent. It is convenient to
utilize the chemical wash solvent as a reflux solvent.
To decrease the viscosity of the PET slurry, the
selective solvent, or mixture of nonsolvent and
selective solvent, or mixture of reflux solvent and
selective solvent, can be recirculaééd to the
precipitation vessel to lower the solids concentration
in the precipitation vessel. For use as a viscosity
reducing solvent, the reflux solvent or nonsolvent



pol ydi spersity of greater than 2. This indicates the PET pol ynmers present
in the mxed polyner recycle streamare substantially equilibrated, with
.the high and | ow nol ecul ar wei ght fractions adjusted to

provi de a polydlsper5|ty of about 2. If it is desirable to obtain a
recovered”PET pol yner* with a pol ydi spersi4 \ conparable to virgin
.polyner, use of the alkylene 5 carbonate selective solvents is preferred.
If it is mater bl erecircilated sheubd|heli sphusle yinfthée ni xed

pol ynmer recyc qﬁﬁ@ﬂ ¥ relpp I i ve solvents is
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suf ficient toredee®ioR-the PET in a reasonabl e anmount of time. The
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especial ly p???ﬁﬁ%ﬁﬁt?% ¥ess YlQQH%%ﬂ cﬁ°se|ect|ve 15
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PET. Theo8i £F |v§ 89! veng igﬁh@rﬁ’éf’%%gt at el evated tenperature,
to ensure efficlent |sso Ut ion of 1. The selective solvent and
PET are To precipitate the PET from the selective solvent,

the solution containing PET must be cooled to a
temperature in the range of from 60°C to 170°C,
preferably between 60°C and 140°C. This cooling is
preferably conducted at or near atmospheric pressure,
although lower or higher pressures may be used.

When the formation and precipitation of PET
crystals occur in a short period of time, a separate
precipitation vessel may be unnecessary, and
intermediate piping may be sufficient to allow
precipitation of the PET. The specific equipment
employed will depend, for example, upon the method of
heat removal selected, and the time required for
precipitation of the PET.

The length of time required to prec1p1tate the PET
will vary, depending upon how fast the selective
solvent solution is cooled, the temperature to which
the solution is cooled, and the method of cooling
employed. A time period of 1 minute or less to 1 hour
is typically sufficient, and a time period of 15
minutes to 30 minutes is preferred. It is of course
preferable to recover as much of the PET as is
practical using the methods employed.

After precipitation of the PET powder, the PET can
be separated from the selective solvent (or the
selective solvent/nonsolvent mixture or the selective
solvent/reflux solvent mixture) by either filtration or



contacted at tenperatures of from 140[err]C to 285[err]C, 25 preferably
from170[err]C to 250[err]C, and nost preferably from 200[err]Cto
230[err]C. The PET dissolution step is preferably conducted at

or near atnospheric pressure, although higher pressures may be used.
The PET nay be contacted with the 30 sel ggti ve sol vent by any conventi onal

-met hod, and usi ng conventional equipnent for the operating conditions
enpl oyed Theersity dased isppanapion deetheded, Unkess thenrgRER®, by
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PET. Al so, 0 e Lol vol efins o trays
cont ai ni ng a c;rn"lelirﬁg(glr“{|do}tnaﬂo ah:;)Foal %J:lfaclieﬁ% Sag% u‘{}%'nl%]% hAeD’F%ET in the
sel ective solarentknawn |tdhdihase tSb’L pisul thedpol ydhe imest cont ri buti ng

to the pol yolfd fer ey Qfon e olgiol £ 1 owety ey {oRlducrl | 0ats on

top of the solvent, 1s renpved fromthe sol vent hase separati on,

ski mmi ng, or &t HelosR AN iafturad Y he r%’sﬁ‘%i%ﬂcw €&t r e from which
the selecti veedmerdrum filter removes a thin, self filtering cake

from the solvent mixture which can be washed on the
drum in a continuous wash zone.
It is desirable to remove as much of the high

boiling selective solvent as possible to ease the
devolatilization of the PET powder. It is also
preferable to remove as much of the selective solvent
as is practical from the recovered PET product, since
any entrained or occluded solvent may contain
undesirable impurities or cause problems in subsequent
processing. A suitable wash solvent can be chosen by
the same general criteria used to select a nonsolvent .
or reflux solvent for the precipitation wvessel. It
. should dissolve the selective solvent in the desired
range of operations and it should be more volatile for
ease of recycle and recovery. The preferred solvents
are those chosen for the chemical wash and (optionally)
reflux cooling solvents. For example, the selective
solvent may be tremoved from the PET by gravity
separation, followed by displacement with another
solvent, which may be the chemical wash solvent.
Although it is preferable to recover PET with a

molecular weight comparable to that of the PET in the
recycle polymer stream, in general, the process of the
invention will cause some molecular weight reduction in _
the recovered PET product. The recovered PET of the



I S separated, contains alum num glass, rocks, cellul ose, wood, rubber,

etc. The sel ective solvent containing dissolved PET, after separation
_fromthe residual waste stream and any pol yol efins present, can be
separated fromthe PET by precipitating the PET as a fine powder. The

sel ective solvent is“then renoved from t,Re_PET, resulting in a recovered

: PET product that may be processed further to increase its nol ecul ar weight.
As is known tiavdmsieorskid Iamraintadm:wlty 1m1e]n.izm'd dthrmouglf addd tHohainy be

i nduced by e £Ctie e the solubility of
the PET in tk’é sgsgl%i/e 501 rsetea ll:t)-'s g%ﬁ’e\é?ﬁa sg'ce{) solvent, referred to
as a nonsol vent, Itnoat maéctﬂﬁfep@dlmlml@m progess i thene rapid

precipitatio fi Ghaey; 964, dgseri bes the
recovery of %I?‘?’f Hinlik A Tidie i ¥ léelgzegg’i on aa%dE%Q B. 1,201,523

y terrperature sw ng .crystal
descri bes t h@Ted®na %&’s‘&%rﬂmam lymerized, Wolaent .

Nonsol vent s fl(lcﬁdird-r dfﬁ)tnélet Cﬁlﬁ%& f rer@ smeltogphatal e@divmediZ@tie al s. They
are in general 15 - than the

ess
el ect i Ve SORFERAR® ABLIRALLY ALY SRR SERIES OF EEAGHATS ) should
possess | OWEle'hmH |'aige mmlrdmltdzamdﬂ@tselfedﬂmwe:oé@nmus‘ or ease of
recovery andg

I I '
sol vent over teﬁg‘éé?em regﬁiie{%}%lgs% ?%at?ﬂn%% Ulny(]i:ﬁ. woetnats& te%eca?)lﬁvg(r:lf Ie\é? choi ce

is to use thdndirdmsdst v1$c031ty (I of from about 0.4 dl/g to
about 0.6 dl/g, equlvalent to a number average
molecular weight of about 10,200 to about 18,600. At
this point, the melt polymer becomes too viscous to
further polymerize in the liquid state. The melt
polymer is extruded, cooled, and pelletized to form an
amorphous prepolymer product. This prepolymer is
subsequently heated to increase its crystallinity, and
then further polymerized in the solid state to an IV of
about 0.7 dl/g or more, preferably to an IV of about
0.8 dl/g or more.
The recovered PET product méy be combined with PET
- manufactured from typical raw materials, for further .
processing. For example, the recovered PET may be
" added to a melt phase polymerization reactor that
contains polymer having about the same IV range as that
of the recovered PET. The PET may or may not be
further polymerized in the melt phase. Alternatively,
if the recovered PET has an IV comparable to the melt
polymer being extruded, the recovered PET may be
combined with virgin PET prior to entering the
extruder, or in the extruder. The recovered PET may
also be combined with virgin PET in other melt
processing operations, such as a pelletizer or a
spinarette in a fiber-making operation.
One of the advantages of combining the recovered
PET with wvirgin PET not obtained from recycled PET is



wash solvent to reduce the equipnment required for solvent recycle.
Precipitation of the PET fromthe selective solvent occurs al nost
_imedi ately upon the addition of the non-solvent to selective solvent and
PET mi xture. In addition to the use of a backm xed vessel, nunerous
devi ces, such as flui'dic nixers, static Jg xers, and high shear punps, can
.serve to rapidly mx the two streans. Such devi ces can acconplish the
conpl et e predhaitt dti daaifl itttes e3E P riodupttilon o emtREme pddugtt as a fine
‘pomder inle Thi or; ca J i ne,
m ni m zi ng t%%ntr‘fgggu%%r S"I%Cscg“k?‘é"lsnl gence rt%%'jr@ vess S dgtoq&ﬁ%ca;réio 't he
m xer . Viavia idiadtesy ~sonteadi PETatHesing tcurgeméblesmr;tairmt

consi der abl e jheat g %@Wéigfr{to'ﬁetﬂ&"en%mr‘é"d%l%d WE1on. Alhey@e be

acconpl i shed by a nunber_of methdds, whi ch are described here. In

the first neﬁ?@&eq%@fPI?F%\mytséISe&eiW%@e\F&ﬁntslm @APUE 33 cul at ed
over externaked gb@ohRd-deer! ils aPlicsalsuahares ﬂe@:yfcﬂ.@\&brimit fgfom t he

' though ot haPay rZ?'f“Sf gt pRZEh dR ERBORy, o EEoREt AR D7 R EES g
heat, nmay beresded caihtaimiing dde pefrcendr atiopcleat tontemted sheat transfer
i aces SOTSCHRS UG U OIC N liche ke g i oL on 0!
si gni fi cant | pavedpec sefml tfognsoame appddoafilonsi-s detrinental to operation
of the precipitaiph@'mAst®lar weight of the recycle PET recovered

will vary, depending upon the solvents employed and thé

operating conditions utilized in the process of the

invention. It is desirable to obtain a recovered PET

product which has an IV of from about 0.2 dl/g to about

0.8 dl/g. When the recovered PET is combined with

virgin polyester for subsequent processing, the

recovered PET preferably has an IV of from about 0.2

dl/g to about 0.6 dl/g. If the recovered PET is

directly employed without subsequent processing to

increase its molecular weight, it is generally

preferable for the recovered PET to have a higher IV, .

such as from about 0.4 dl/g to about 0.8 dl/g. IV is

typically used as an indicator for the molecular weight

of polyester polymers, however, such polymers can also

be characterized by number average molecular weight.

It is desirable to obtain a recycled PET product which

has a number average molecular weight of from about

3700 to about 30,000. When the recovered PET is

combined with virgin ﬁolyester for subsequent

processing, the recovered PET preferably has a number

average molecular weight of from about 3700 to about
18,600. When the recovered PET is used undiluted, it
preferably has a number average molecular weight of
from about 10,200 to about 30,000.



- 16 - A second option for heat renoval fromthe solvent solution is the
utjilization of reflux cooling. In this node of operation, a precipitation
vessel may be used, and operated by the mani pulation of its internal
‘tenperature and pressure so that the selective solvent mxture, or

nansol vent plus sel ective sol vent nixturg, boils to renmove the heat
.required for the precipitation of the PET. The advantage of reflux cooling
is that the heat IVabsfdefinedaassthie himitoof theifirgctions(lny veéBuse the

cooling of thes R epudesn ééHE{-é{ L8n36£OURL! SUEnBY PRI LoBELLBR, Sel ective

sol vent mi xtufe, or honsol vent i se ective solyvent mxture, .in the
preC|pltatlonaBE§@%¢he$hée§QtthﬁFF9nc80¥§dth8aFe%?5h¥?eV1§GPF&E¥s are

never exposedyh ch Nes Ridashpedyrdbi s§8vaasl adi endeany bolimek cool surfaces.
In the case of a reflux cool ed reclgltat vent, called a

reflux sol venFORESRERRELRBILR 02t FEV %5§8£V?B€fav ?ﬁb?ggad?ug?x?ae boi | i ng
poi nt of the §ETV@@md§yésemeoflﬁe 40| prehost vetyacibosoethahebgésdone so

t hat vacuum op t|on o) LRLL r r d to boi

t he selectlve 9%% %ﬁ %ﬁ?é #ﬁ%rgégi?ég§%$t % ?8%|dﬁg e%%erature The
reflux sol venemphmyadsﬁoacotlaerapcnbyneateenpdmara. i depeérdprgcuponat i on of
the PET powdegy rﬁ@1%?§§§ggf§%%¥g églfﬁgtFoﬂpégtﬁgat it is not generally

required that the re be e 1n the selective solvent, but

it is required tMeleselaprvedalab| JLetrioutiens LoF  the RESPRLYROES’
solvent. |t igeg@Ni€RELAiné@ uéihgzselhseﬁﬁeatsah gBsbmatbyeaphgs a reflux

SO vent- To dRGhERse bBR Xegsean! Yol chitabEl SN (sl DESBELES RY

refl ux sol vendissoleihgcPEVeischexaflucroibeprepancli ates to the
concentration of 0.5 to 1.0 milligram of PET per
milliliter of solvent. The GPC system employed columns
filled with either silica or styrene divinyl benzene
beads. The GPC system was equipped with detectors that
were calibrated to known PET standards. These values
were then recalibrated against known PET IV standards
to calculate the values reported as number average
molecular weight.

The color of the recovered PET product may be _
measured by various conventional methods, as explained
below. Impurities present in the PET polymer itself,
in addition to impurities present in the post-consumer
PET recycle stream, are a source of color in the
recovered PET product. It is highly desirable for the
recovered PET product to be as white as possible, since
any color present will be transferred to the final PET
product. To produce clear bottles, for example, the
PET must be a colorless white polymer. _

White light, i.e. sunlight, can be split into its
component colors by passing it through a prism or by
use of a diffraction grating. This color spectrum can
then be recombined to produce white light. In practice
it is possible to recreate white light by combining



precipitation vessel to |ower the solids concentration in the precipitation
vessel . For use as a viscosity reducing solvent, the reflux solvent or

_’nonsolvent -17- material recircul ated
shoul d be soluble in the selective solvent to provide maxi mum viscosity
reduction.’ The deSired ranges of sal hgs. concentrations in the

.precipitator vessel, or other device used to precipitate the PET, are
general ly Ies§u8hanhrbesseﬂncthd PEIodi jéghts suchbelas The mﬁremay be

present in Cogms& ¢ 828:0L1 he@-lg&@eﬁo  plugleanll Yea .l ostbstamag ally S

to 15 wei ght reciprtate romt he ctive
sol vent, the. HBPGhléﬁpééﬁtépﬁpﬁgdPEm #ﬁéﬂsﬂétéﬁélédghG d2at Gh3SCaOF @ in the

range of frorrbéeh%r] @&%&Zﬁbw)] o Bbeberabky kakweear8OheistlrEinkd

140[ err] C. Thi refer bl y conduycted _a near__at nospheric
oroseur b al t hAGGR. fBwr CORPAFBRBESEYcBORELenaY bha,SBRCEr R \ndRE he
formation andenampapl tahl Qlttemf wBEaEhcappbah:s getlow dsaablsorbipegri od of
bl b hg "y bettaRECPARe 20o8E ontBRcRrBERSE: B SRatRavELpt ng SBRCTT i o ©
equi prent enphdgodbei Lisedefondrehte ahanpbepndpay chdomst: hogreenhead
R gt of 1AL Bl FRINS EE e B Qi el "o
lue and green give cyan.
The International Commission on Illumination

(Commission Internationale de l1'Eclairage, CIE) in 1931

developed standardized methodology for quantifying

color using the theory of the frichromacy of vision.

The CIE defined a standard observer based on data from

visual experiments in which human observers matched

color of the spectrum by mixtures of the 3 primary

lights. The angle of incidence on the retina was set

at 2. Values of spectral inténsity from a defined

standard illuminant were also set. From this data the

CIE established the X, Y, Z Tristimulus scale, which is

capable of defining any color with three numbers. The

CIE - X, Y, 2Z Tristimulus scale is useful for

determining if two colors match under a given set of

conditions and can reveal why they do not match under

different conditions. However, it is not useful for

quantitative determinations of color differences

because it is non-linear.

Attempts to ' modify the CIE - X, Y, 2 color system

to create a more uniform color space began shortly

after it was issued. A number of color systems have

been proposed and widely used, including the CIE - L*,

u*, v* scale, the CIE - L*, a*, b* scale, the Hunter L,

&, b scale, and the Gardner Rd’ a, b scale. All are

non-linear transformations of the CIE - X, Y, Z data to

a color sphere and as such each can be converted to the



wi ||l vary, depending upon how fast the selective solvent solution is

cool ed, the tenperature to which the solution is cool ed, and the nethod of

cooling enployed. Atime period of 1 minute or less to 1 hour is typically

sufficient, and a time period of 15 mnutes to 30 mnutes is preferred. It

i's of course preferable to recover as mygh_of the PET as is practical using

. the net hods enpl oyed. After precipitation of the PET powder, the PET
can be separ attherfs.omBavh sdade iise sdolivent iforthate idelhast iave

sol vent / nonsﬁtlﬁ%e@g(%ﬂeor(btlg%lé‘?:l 0P W) S AnPTHS Sgbhept! ol Xt UTE)

by either fi tro ensity
based separ acrOFr AN ESs 1.0 Sson B MLy %@%é‘%iﬁmrat ed, they

are general |y nQidate8 e84l udd, hg%e@rﬁa'&tsqr a?ld %b@it 1A0 JEretansy Of | ess. Due
to the dlffICU|ty in efficient| recoverlnq smal | dlaneter partlcles by

centrifugati &l Péﬁkﬁﬁéry“’(ﬁgatwel@? Luesyr & Slpy LAtEtalGHRT A | arge
nunber of coatllfrﬂm&r (aat)c anld |d1ﬁfomiQilcg.ft§ AL fRr@incdy oAD)d care known to

t hose skille he ar.t st preferred configuration is a rotary drum
filter, such §§ % %ﬁﬁﬂﬁ%ﬁ%ﬂ?ﬁh by the Bird Machine Co. The rotary drum

filter renoves a thin, sqbkf f||t i2n 2fro @.8pl vent m xture which
can be washed on the druﬁkln (iﬂ |%ug§§S hq?%ﬂ ] It is desirable to

renmove as much of the hi ¢ BoilAilag “sel débi)vd olvent as possible to ease

t he _
Other relationships for comparing color are known to

those skilled in the art. Because of the treatment of
data, variation in equipment, errors in measurement,

~etc., studies of large or very small differences do not
appear to be consistent.

In addition to the limitations mentioned above,
sample measurements, especially in reflectance mode,
can be affected by shape and size of the analyte. This
is especially true in the polymer industry where
samples may be obtained as pellets, cubes, ground
recycle flakes of various sizes and shapes, powders,
and variously shaped finished articles. A further
complication within the polyester industry lies in the
fact that the saﬁple may be amorphous and clear,
crystalline and'opaque, or strain crystallized and .
clear. Significant variations will be observed between
sample forms, especially clear and opaque.

Typical raw product specifications for crystallized
PET pellets in the polyester industry require
brightness measured as a minimum Ryq of 40 or L* of
69.5, and yellowness limited to a maximum b of 2.0 or
b* of 2.2.

For this work, color measurements were made using
either the HunterLab ColorQUEST Spectrocolorimeter
Sphere or the Hunter Labscan 6000. In either case,
after following the recommended standardization



devol atilization of the PET powder. It is also preferable to renove as nuch
of the selective solvent as is practical fromthe recovered PET product,
since any entrained or occluded solvent nmay contain undesirable inpurities
or cause problems in_subsequent processing. A suitable wash solvent can be
chosen by the same géneral criteria usedt 0 sel ect a nonsol vent or refl ux

. solvent for the precipitation vessel. It should dissolve the selective

sol vent in t peodedured ar sagplel odpdilakieons guwder sihi)u:ﬂdidm rriu’ra:hml atile

for ease of € r r I S chosen
for the chemggﬁ‘*qmgﬁl%gﬁggcg\éﬁdgndam%fp ﬁesrﬁhg’oc%ﬁo Yﬁq-'tsol vents or
exanpl e, theshdede: ilpe P¥H \;@mplm 5@ rpermraéxi: fStaan rx@omeﬁlrghtgrmmy

separation, takkewed khedidatlededrerhdiithiz mslwem%ﬂtvqet taddeh may be the
chem cal mesh solven Al.t hou h |t IS Erefer bl e t recover PET with a

mol ecul ar welt§fit S &r §5Pe o reft ) te IsAster
~ stream in genmozk, nasurements ahdt el mniesomwﬁalgemwﬁwre mol ecul ar

wei ght reduc red rodu 8¢ r LOf the
- 19 - inven% Bcﬁgtégegﬁﬁgg %uslygggrat ed %W a§§¥§i§h£s dcessrng
to increase af's bﬁl@@uﬁap @ei phusing 1n¢ezn@#QWC@KGPE@QEBMwNﬂi|zatron

process, thephek g&% |c acid (or dimethyl terephthalate) and ethylene
ne

gl ycol are conbi b£ner|zed ina_liquid or nelt phase.. The nelt
phase p0|yner,2agp§nColorQ ST Spectrocolorimeter Sphere is also

capable of measuring haze in bottles, film, or sheet.
Haze is a measure of the relative amount of light
scattering on transmission through a material. It is
calculated from the ratio of diffuse light transmitted
through the material and the total light transmitted in
air. A value of 0% haze indicates a perfectly clear,
transparent material and a value of 100% haze indicates
an opaque material. After standardization of the
instrument, the bottle or other sample is placed in the
holder in the haze compartment and measurements are
taken as described by the manufacturer. 1In the case of
bottles, four measurements are taken, rotating the
bottle between measurements to get an average around
the entire circumference. Multiple readings are also
taken for other samples and averaged.

Readings obtained on the Rd’ b scale may be
converted to L*, b* readings using the following
equations:

>

(24.99 Ryq)1/3-16

b*

1/3
43.09 RdV3—(Fd-l.4284 - ;) » where



process typically involves a series of reactors in which the nol ecul ar

wei ght of the polyner is sequentially increased, until the PET reaches an

intrinsic viscosity (1V) of fromabout 0.4 dl/g to about 0.6 dl/g,

equi val ent to a nunber average nol ecul ar wei ght of about 10,200 to about

18,600. At this point, the nelt polymer Jgecomes too viscous to further

. polynmerize in the liq%iglﬁﬁﬁge% &h melt polyner is extruded, cool ed, and
pelletized to form an anorphous pfepol yner product. This prepol ymer is

subsequent |y heatfe & | Se 1ts crystallinity, and then further

pol ynerized in the sol i d3sftafd to an 1V of about 0.7 dl /g or nore,

preferably to an_|V qf about 0.8 [ q,or r.e. egc recovered PET
product may be cd ﬁé’d’e\ﬁ%ﬁl‘?nPE‘F %&ﬁ%—?‘&& Hﬁ'&d’sftrr@rﬁ &YC %er aw material s,
for further goddesdny examplesanuibdich area exxdydcedbePicbnstyrues] added to a
mel t phase paql, Ll Lan .r. r..that contains polyner having about the
sane |V rangglagﬁ?%éﬁﬁ%glﬁﬁg%%égg&éred PET. The PET may or may not be
further pol yExemped® iin the nelt phase. Alternatively, if the recovered PET

has an IV conparggb%nhpf§F§ g%?kuﬁg&y?%%yQQQ”QI@%QrQQQQr e recovered PET

may be conbi ned wth vi ) dgrlor to entering the extruder, or in the
extruder. Th@otdd&Fer 8§ Mereiypdafsome FeRCHEF winere, Waghedpwith, ot her

][m‘lt DVOE_GSSianQ:QpWa%Te&OTt% Flak ?‘&t&op%ﬂ @t wedlghd fb&sil%i,_n&!iﬁ hfa#id“l a

(L Der ki 00 P o 10 QlRefest 15, ATHRRCAER, Yoall il dbelt
80°C. While highly wvariable, a typical sample of the

" clear PCR flake contains about 78 weight percent PET,
15 weight percent polyolefins, 5 weight percent paper,
and about 2 weight percent other materials. The IV of
the PET present in the PET granulate was about 0.76.
The chlorine level in the PCR flake, as determined by
X-ray florescence was typically 45 to 65 ppm. A small
amount ‘(about 1 weight percent) of Oakite RC-23, a
mixture of ionic and non-ionic surfactants, was added
to the deionized wash water to aid in the washing
process. At the end of the wash step, the wash water
was decanted. During the decanting step, a significant
amount of floating material was discharged with the
decanted wash water. The floating material consisted
primarily of polyolefins (bottle caps and basecups) and
paper (from labels, etc.). A small amount of PET was
entrained in the floating material and lost. The first
water wash was slightly discolored by dissolved and
suspended organic material from the PET flake. The
second water wash was carried out without any
surfactant and removed no detectable color from the PET
flake. It served mainly to displace entrained wash
water from the first wash. The two water washes removed
approximately 90 to 95 percent of the paper and
. polyoclefins from the raw PCR flake.




- 20 - that it facilitates production of a PET product containing less than
100% recycl ed PET. Commercially avail able recycle-content PET resins
currently contain I ess than 50 weight percent recycled PET. A recycle
content of from about_ 15 weight percent to about 35 weight percent is
typical, and a recycl®e content of about 2& Wei ght percent is common.

. Pr oduction of a PET resin containing 100 percent recycle content is
technically feasinI23 liter ttesisubjetthle wast¢hargethdiitly 2580 @edfil for some

appl i cations.; @Egécﬂ@uéfgkéﬂe'wtraﬁow Cafl ¢ ¥ P wgEQY Ll rleW ||

vary, dependlng upon t solvents e perating conditions
utilized in tYashadcekakersanple mtq!%edmm%nmt rJanI% Y3CWHrain a

recover ed PEGLywdpdet1 F4PcC Anllia®gakpaV pife feiaia atmet KetZ1d g 0 about 0.8
dl /g. Wien the rec %red PET .is conbined with virgin pol yester for

subsequent prRfEESHR 1t 3 ReALRG BB Q¥ %laqlla‘éo 18PDf fr.om about
0.2 dl/g to apitathbs, dalricg mltfrdgfm rennyer $gs e i Theli ketrtly wasp! Oyed

wi t hout subsegquent e t0 e 4 9

generally pre ee‘raréb }gg%cﬁ %elc4o4v§ri§%§$gl%% (%J"L ﬁ}” such as

from about 0.thaft /hpd dommrmCB  /a. waﬁﬁr scqrytmrcialcbg/ le tamn35 ndi cat or _

for the nole I mers can

al so be char?c% er |1§\Edd]g{)".'t %n g%erage m) arm%\fe con%?éﬁ% E&lj esirabl e
RISt S QﬁhX

to obtain a ar

wei ght of frﬁiﬁrﬁﬁ&t& &F?&hé E@b\i&g d?éhbélQﬁnéM\ rcﬁ?ﬁbﬁtﬁsbf -
referably haf TRsHre et st %ﬁgﬁ? 8 14 R R rcgt%ée{ o
about 18, 600.héédteing hethiee cmasedld dimit erst siseshahet |aitteelgpertature of

200°C. During the heating period, the headspace of the

vessel was swept with 0.05 n3 per hour of dry nitrogen.

The temperature was then held in the 190° to 200°C range

for an additional 15 minutes to insure that all of the

PET flake had been dissolved. During the digestion

portion of the run, the vessel was agitated at about

500 rpm.

After the digestion was complete, the kettle was
allowed to sit for 5 minutes so that any entrained
polyolefins could float to the top and form a second

- phase. The EC/PET solution was then strained through a
filter pack containing a 74 micron stainless steel
screen to remove any large insoluble particles such as
paper and aluminum and the agglomerated polyolefin
layer.

After straining, the EC/PET solution was added to a
4 liter kettle containing a 960 g heel of EC at 60°C to
prevent thermal shock to the glass vessel. The kettle
was equipped with an agitator, thermocouple, heating
mantle, and nitrogen purge system. This kettle served
to recover the PET as a fine slurry by precipitating
the PET at a lower temperature. After adding the EC/PET
solution over a period of 2 minutes, the vessel was



preferably has a nunber average nol ecul ar wei ght of from about 10,200 to
about 30, 000. - 21 - IV is defined as
the limt of the fraction (In v)/C as C, the concentration of the polyner
in solution, approaches zero, wherein v is the relative viscosity which is
nmeasured Tor several different polyner-ggncentrations in a given solvent.

. For PET, a m xed solvent system of 60:40 phenol:tetrachl oroethane is

enpl oyed at 3ddowsd i@ aaclsdlovd’Csouesnmd peyipd efprbpus. Rohovther

pol yester polpyerginr ERAN M sURMen! R BN AGHAL A @iBuihrdie pol yester.
Mol ecul ar wei ght distributions for the PET polynmers were determ ned using

Gel Perneat i danaRlo ity Miatpancoipbenp A0, i iden feresc Medtan £Gere
prepared by iass@irditedErom thex &illteroicaky .opdtdr athed bulic &1 rifid on of

0.5to 1.0 m ]igr of. PET per nillid.iter of .solvent. The C.sysfem
erpl oyed col G IHRRERG] From e Siiear SRRy Aineag FeRE Shne
beads. The GRBrsestteimesnwiddiui7Sde tlniatlli quirsttec todff $edionicsdr grzale brated to

known PET st Qgﬂ%gﬁ%dﬁgte q?glé e Ele%%% %¥¥§gﬂég twed agai nst known PET

L
| V standards to e val ues rted as number average nol ecul ar

wei ght . The dHeoPESH pueducdc wasr 6 iegr oyiesaightmip Be Viasddiy ed by __
various converidrPnal 1Byckodad 98 R¥Al pragdubel Y. rbByei te8saphgsent in the
PET polymer I et Ty Fedovered PRty after Aryiny, weighed LYy consumer

g, for a recovery of 76 percent. The recovered PET was

analyzed to determine its IV and chlorine content. The

PET product had an IV of 0.587 dl/g, and a chlorine

content (determined by X-ray fluorescence) of less than

25 ppm. For the recovered powder, the color parameters

are: Rq = 70.7, a = -1.00, b = 3.24.

Example 2

A 500 g sample of the water-washed PET (prepared as
in Example 1) was transferred to a three necked, §
liter round bottom flask. The flask was equipped with

a heating mantle, thermowell and thermocouple, overhead
stirrer, reflux condenser, and a nitrogen purge. The
flake was chemically washed by adding 2600 g of
tetrahydrofuran (THF) to the flask, heating to 60°C, and
agitating the mixture with an overhead stirrer. After
reaching 60°C, the chemical wash was carried out for an
additional 20 minutes. At the end of the wash, the
spent THF was removed by vacuum aspiration. The spent
THF was badly discolored with color bodies from the PET
flakes. Organics, colorants, adhesives, polyvinyl
chloride, etc., were all expected to be removed by the
chemical waSh'soivent. A second chemical wash step was
carried out in a manner identical to the first. The
THF was again removed by vacuum aspiration. The cleaned
PET flake was then transferred to a Buchner funnel. The
funnel served to remove THF held in interstitial voids



PET recycle stream are a source of color in the recovered PET product. It
is highly desirable for the recovered PET product to be as white as
~possible, since any color present will be transferred to the final PET

" product. To produce ¢lear bottles, for exanple, the PET nust be a colorless
. Wai te polyner. White light, i.e. sunlgight, can be split into its

. conponent colors by passing it through a prismor by use of a diffraction

grating. Thi BYceraWisge airukheamghh&heh £ lakeshiAfden @ frimeued wite |ight.

I'n practice Qalst R&SHORMrE ihO theC BeRhaethifudind1ghttHy AYRNIWEe
- 22 - just three selected color lights saﬁp as the three prln%ﬁy col or
| i ght s- - gr eeRFaBSFErredy toe@ VaGHWLAVER WReae aMeEs Sedd i

transmtted hiogbt &Adgbaskparpfedsttbeovéonighinpberenioveorbesauae there
are absorbinqujght in a conplenentary portion of the spectrum For
exanpl e, an irt'eérm whi ch appears yellow is absorbing violet/blue |light. The
process of additThe chemigaddy whsbelde PESed liakec wast ehiene chacgrediarty col or s:
-green and re [ ' LLow red . gi. e g nd bl ue and

o on g1 ve ogad, TeettRekCLaRl e e e o
(Conmi ssi on RAiL&EAEST,odEde dETOTRE PUXSGe SYStEM.i Fheo 3N tQSLa Ve st s

st andar di zed tHRhhehalre@d Watnha4anl by oY £e0l (@heiFel@dthed RRARLNY) the
trichromacy of vision, The CLE defined a standard observer based on data
riﬁ@n

fromvisual & Peer dpiech thuRaWabste CPBLENFOLhdgSS than 35
ppm by nitrogen stripping at 125°C. Water content was

determined via Karl Fischer titration. The EC also
contained 500 ppm to 700 ppm ethylene glycol, as
determined by gas chromatography. After about 90
minutes of heating, the o0il reached a temperature of
225°C in the dissolver and the vessel contents reached a
temperature of 190°C to 200°C. During the heating
period, the headspace of the vessel was swept with
0.05m3 per hour of dry nitrogen. The temperature was
then held in the 190°C to 200°C range for an additional
15 minutes to ensure that all of the PET flake had been
dissolved. During dissolution, the vessel was agitated
by an anchor stirrer on an agitator shaft driven at 250
rpm. After dissolution was complete, the agitator was
stopped. Entrained polyolefins, from black basecups,
etc., were allowed to phase separate and form an upper
layer. As the EC/PET layer was discharged through a
bottom drain valve, the polyolefin layer preferentially
wet the vessel walls, thereby retained in the vessel
and separated from the EC/PET solution. After the run,
the adhering polyolefins were removed by washing the
vessel with hot mixed xylenes.

The EC/PET solution was then strained through a
filter pack containing a 74 micron stainless steel
screen and support plate to remove any large insoluble
particles. Further filtration was accomplished by



color of the spectrumby m xtures of the 3 primary lights. The angle of

I ncidence on the retina was set at 2. Values of spectral intensity froma
defined standard illum nant were also set. Fromthis data the CIE
established the X, Y, Z Tristinmulus scale, which is capable of defining any
color with three nunBers. The O E - X, -Yo9 Z Tristimulus scale is useful for
. determning if two colors match under a glven set of conditions and can
reveal why tlpegssimmcﬂhem&cdfutnmi’erth;hddgh entsayahdied .orhe H:ame:i/dmedlt i's not

useful for |t at tyi 5 because it is
non- | i near q%ﬁﬁﬁéq%f cr??'?]tﬁgféyE fé)%ﬂ:{ \?ﬂ# or stemto create
a nore uni forjmﬁiﬁﬁﬁ?stp&% tﬁ&jhmlslhcﬂrﬁ 132 8t WAS| F1M§lﬁ§§de(§hrﬂu§@rrber of
col or systengrhavgdiaan Pl ank i dyrdistbh 'élﬁﬂ#j'mﬂé}.e CE- L*,

u*, v* scale, the CIE - L* a*, b* scal e, thelgrner scale and the
Gardner R|erigrade sandAnd was ataifsd a2 TG HGTRER A 1 he O E -
X, Y, Z datathe dottion ahhie byttl Thes wahd el earvel amverted to the

Lo whi Le) - and T RSTEe AReN o Yo e et ey Fr o G O T R car e

redness (negastdhﬂ:ima:i ey dga;éﬂnrﬁas@;rmm d?lm? serict ipay bistl emvrests

E:R(ragﬁ;[awgi Y;l It eren?siﬁst%¢h erf-rg]q'(% ;{Q&{] e C%’Hi%[a(l[ ?gr @cp&d
such as insoluble transesterlflcatlon catalyst from the
PET, were removed by the sand bed. A small polishing
filter (40 micron) was used after the sand bed to
capture any sand particles escaping the bed.

After processing through the filter train, the

EC/PET solution was added to a 3.78 1 glass autoclave
containing a 900 g heel of EC at 140°C. The autoclave
was equipped with an agitator shaft, thermocouple,
nitrogen purge, and internal baffles. This autoclave
served as a precipitator for recovery of the PET.
Temperature control was accomplished with via heating
tape on the ocutside of the vessel. After adding the
EC/PET solution over a period of 15 to 30 minutes, the
precipitator was allowed to cool to 70°C over a period
of about 1 hour. The temperature in the precipitator
initially rose as the hot PET/EC entered the vessel.
However, as the solution cooled, PET precipitation
began to occur at about 140°C. The PET slurry was then
discharged into a Buchner funnel with Whatman No. 540
filter paper. Molten EC was drained from the filter
cake. After the bulk of the EC had drained from filter
cake, it was rinsed three times with 250 ml of

technical grade acetone to remove EC adhering to the
PET.

The PET product was dried .overnight in a vacuum
oven at 70°C and 98 kPa pressure to remove residual
solvent. The recovered PET (145 g) was then analyzed



[err]E = [[err](L)[err] + ([err]a)[err] + ([err]b)[err] [err] C
= [[err](a)[err] + ([err]b)[err]] Oher relationships for conparing col or
are known to those skilled in the art. Because of the treatnent of data,
variation in equipnent, errors in neasurenment, etc., studies of large or
very smalt differencés do not appear to - consi st ent. In addition to
the limtations nentioned above, sanple neasurenents, especially in

refl ectance rfinde I%ando@fdﬁmwwwm Frray flusraseenged ytBheThis is

especi al Iy t i dybAle B WY, Whef & SIS dBdg Pea Pt ai ned as

pel l ets, cubes, ground recyclel#lakes of various sizes and shapes owder s,
and vari ous| Fotadded i43 SRRy chlording.  AQQit mE wedaht RATcARWEFT n t he

pol yester i ngissd rbéddv%&:édl JId”'Q:HeaCiirdd”Eﬁs t herreargETe pyduet m&hous and

cl ear, crystalllne an a or straln C al lized an
Si gni fi cant tc?ﬁg t&fﬁ I ‘@é}? n:ﬁ orlﬁ’s * especial |y

clear and opaque 1 54, Tygnd &d #&Nq& oduct specifications for crystallized
PET pellets i q qiyester i ndustry require brightness neasured as a
m ni mrum R[ er r L* of 69.5, and yellowness limted to a maxi numb

of 2.0 or b* of A 250 g semplehiof wdear,csatemsashesreRGR BEE nade usi ng
el ther the HytAy etsafeqa@'styﬂélésh%@ﬁqt vi@%‘?j}&r B R tSRRANR 13yt he Hunter

Labscan 6000. In either case, after fal omnn t he reconnended
st andar di zat i@oride bottle 'grade resin and weight percent washed

green PCR PET, based on estimated PET content in the
PCR PET flake. A 1 weight percent spike of polyvinyl
chloride corresponds to about 5600 ppm chlorine in the
PCR PET. This material was not washed with THF and was
directly dissolved in EC, as described in Example 2.
Entrained polyolefins were removed, as described in
Example 2. Recovery of dried PET was 188 g for an
overall yield of 75 percent. The IV of the recovered
PET was 0.240 dl/g. The chlorine content of the
recovered PET was 2900 ppm, indicating that _
approximately half of the chlorine (which may serve as
an indicator for the polyvinyl chloride) was rejected .
by the dissolution step. The recovered PET product
exhibited the following color values: Rgq = 83.2,
a = -3.45, b = 6.59.
Example 4

A 250 g sample of clear, water washed, PCR PET
flake was spiked with 1 weight percent polyvinyl
chloride bottle''grade resin and 2 weight percent washed
green PCR PET, based on estimated PET content in the
PCR PET flake. Further processing, including a THF
chemical wash step, was then performed as in Example 2.
Recovery of dried PET was 145 g for an overall yield of
58 percent. The IV of the PET recovered was 0.240
dl/g. The chlorine content of the recovered PET was 57
ppm. Although there is some baseline level of chlorine



-24- procedure a sanple of flake or powder is placed in the sanple cup and
pl aced over the sanple port. The light shield is put in place to prevent
stray roomlight fromentering the detector and the neasurement is taken.
The sanple cup is enptied and refilled taking at | east 2 nore neasurenents
and the val ues averaged by the associatgd software. Results are output
_either as L*, a*, b* or Rerr], a, b using internally preprogranmed

mat henat i cs. preselfiie &l AeQ@SESTOSpedghacpercemtt of Bhleecichliox imes wasapabl e

of measur! N 0Rageln Bk 168, okl By 8heSpeBlesta? dnes AACKRATE s LN

rel ative anoun scat Ing on transmssion through a material. It
i s caIcuIateQrﬂﬁuﬁttﬁghﬁbﬂtédothe D&é@wﬂnghﬁoﬂpangﬁﬂuﬁéd t hrough the

mat eri al anthhg Betal Li ghtot ganseyi t gdogn air. A value of 0% haze

i ndicates a E rfectl cl ear transparent material and a val ue of 100% haze
i ndi cat es an_ﬁﬁﬂﬂﬁé_ﬁaterlal After standardization of the instrunment, the

bottl e or other sanEhesiaxahpmedbmgtgpe behgerkfaohbe(Haxﬁ waﬁpa@bmentfand
neasurenents ar ta n_as escr e nut,ac t case O
Port et oa s Ene BandRa o REshoger Ponk! TpPRASH S SR . Bl Adas

nmeasur enent sothegepazamatersgweacosnnilbe EQtExempiecAnfReenwerywbmtiplé

readings areqdhsn bRICHako 39! herosadn! 6762081 2ysaCHr o6 pBEAMLAS

obt ai ned on conver I ngs u5|ng
the fol |l owi ngheqd tP§n§he PET Eecevezndggaa[GFZPﬁ[él/p~16The b* = 43.09

[err} cWi8k8ne content of ‘the recovered PET was 91 ppm,
indicating at least 98 weight percent of the chlorine
was removed from the PET by the process.

Example 6

In this example, cyclohexanone was used as the
chemical wash solvent, and all other parameters were
similar to Example 4. With cyclohexanone, the chemical
wash solvent essentially dissolved all remaining
polyolefins from the PET flake near the atmospheric
boiling point of cyclohexanone. Use of cyclohexanone as
the chemical wash solvent eliminated the need to remove
solidified polyolefin from the dissolution/digester
vessel, and facilitated separation of polyclefins from
the PET. Approximately 0.4 weight percent PET was
soluble in cyclohexanone at 155°C, so some PET yield was
lost to the cyclohexanone solvent. Recovery of dried
PET was 150 g for an overall yield of 60 percent. The
IV of the recovered PET was 0.207. The chlorine
content of the récovered PET was 66 ppm, indicating a
chlorine removal of at least 99 weight percent. The
recovered PET product exhibited the following color
values: Rg = 83.6, a = 2.41, b = 4.05.
Example 7

| The effect of water and ethylene glycol on the

digestion step was investigated by adding 1000 ppm of
water and 1000 ppm of ethylene/glycol (EG) to the EC



- 25 - 0.51(105 + Rerr]) f = 5+ Rerr] The
invention is further illustrated by the follow ng exanples, which are not
to be construed as limting the invention. Exanple 1 Ground post
“consuner recycle (PCR) clear PET bottles, as received froma recycler, were
~washed with a 3:1 water to flake rati o og,a wei ght basis, and hand agitated
_for 10 mnutes in a open top vessel at about 80[err]C. VWile highly

vari abl e, a tgpfome sasphdddtiohetol ehe BfRetktekevessedi.nThabout 78 wei ght

t PET, i i , i , d
oot > wor ynticEEadah BRRESRLLPALNELAL! AE. the"SboVbnRRLbRAL BRPET, ANt
PET granul at eexpectibdutoorgact Twétbhthei pelyesteri andhcefaoref thee, as
det er m ned byxﬁélééﬁlng?éggﬁgﬁfr’gﬁ%gg%%gw_ﬁﬁt&? favepq whramal | amount

(about 1 weight percen s .a mxture Qf 1onic and non-ionic
surfactants, S@5eEB¥RadtBYtKardcFbarhen wabrahaeRrang §FBYLANEhe washi ng

process. At tgeyesl ebntBftWB§hgakephrbhatvgshpngl eotheg gaeameedrsDuring
t he decanting, st a significant.,anount_of floating, nmateri
i schar ged w ih ERE GEBaMPER SuBhlaR EP. EAREPHPode | AOemKEEtaP o hei st ed
primarily of ¢oigdl pblgmetbatftee pmpseasiingawasup?} wibth an IV of
~ 0.212 dl/g, and the chlorine content was 38 ppm.
Example 8
The effect of low water and ethylene glycol content
was tested by treating the ethylene carbonate to a
content of less than 35 and 25 ppm of water and
ethylene glycol, respectively. The 250 g PET sample,
dried as previously described, was then processed as in
Example 4. The effect of the lowered hydroxyl content
was evident as the IV of the recovered product was
0.274 dl/g and an overall yield of 94% was achieved.
The chlorine content of the polymer was typical (48
ppm) and the recovered PET product exhibited the
following color values: Rgq = 82.2, a = -3.49,
b = 5.29.
Example 9
An experiment similar to Examples 7 and 8 was run
except that only water was back added to a level of
1000 ppm. The ethylene glvcol content was 25 ppm or
less. The resulting powder had.an IV of 0.204 dl/g and
a yield of 81%. The recovered PET exhibited the
following color values: Rq = 78.4, a = —1.54,
b = 5.47.
Example 10

The effectiveness of ethylene glycol in lowering
molecular weight was determined by adding approximately
1000 ppm ethylene glycol to ethylene carbonate and
making another run similar to Example 4. Water was held
to a level of 35 ppm or less as determined by Karl



paper (fromlabels, etc.). A small anount of PET was entrained in the
floating material and |lost. The first water wash was slightly discol ored by
~ dissol ved and suspended organic material fromthe PET flake. The second

wat er wash was carried out w thout any surfactant and renoved no detectable
color fromthe PET flake. It served mainjgy_to displace entrained wash water
. fromthe first wash. The two water washes renoved approxi mately 90 to 95
percent of tIrisuyer didgadion.eflhes fecoweared podyRER fHakean IV of

- 26- A2di esd n tdrf MRS AR o of washed PCR
flake. To re%v%’%r%l@ési%@aldrﬁater,a%qhe mg}#e fﬁ%ﬁs’arrp#ﬂebewas dried

over ni ght i n recpaned REdh exhibidied rghe Aol lowipms qaleds adueme kettl e was

equi pped wit Ip\#Jlegqt_ing arantle,2 owerheadg rondenser, agitator, and nitrogen
purge system_The kettle was then charged with 1440 g of ethyl ene carbonate
(EC) that had®@®pleiilad to a water content of less than 35 ppm by nitrogen

stripping at 125[dmetByldhiteraleve IMPlawaicadist iadesitd gétdd Rsscher
chr omat ogr apifP LE ik SCAE Rt rart e AR PASPATARISR S0 Chen It heat i ng.
the vessel comsriryirgadieowen dype dAume lefcuded] aigves .Diienglider heat i ng
e gen. " RIS oy VP A MR GOB AR o of 0y
for an additic®dd bEFanen RHEE washingr Shenatashed Flakes were

transferred to a vacuum oven where they were held at

70°C and 98 kPa pressure overnight to remove residual

THF. A 200 g sample of the cleaned polymer was then

charged to the 2 liter autoclave and processed with

1420 g of the dried dimethylphthalate. The dissolution

was carried out at 205°C for approximately 90 minutes.

After dissolution was complete, the agitator was

stopped. Entrained polyolefins (from black basecups,

etc.) were allowed to phase separate and form an upper

layer. The DMP/PET layer was then discharged through

the bottom of the vessel.

The PET/DMP solution was processed through the

filter pack and columns as described in Example 2. The

precipitator had a heel containing 900 g of DMP at

150°C. After batching in the hot DMP/PET mixture, the

crystallizer was discharged when the mixture had cooled

to 150°C. After drying, 196 g of PET was recovered for

an overall yield of 98%. The recovered PET product had

an IV of 0.752, and exhibited the following color

values: Rgq = 83.6, a = -2.41, b = 4.05.

Example 12

An experiment similar to Example 8 was run on PCR
clear flake with a PVC spike but without any qfeen
flake. The recovered PET product had an IV of 0.585
dl/g and exhibited the following color values:

Rq = 80.4, a = -0.95, b = 4.92.



PET fl ake had been di ssolved. During the digestion portion of the run, the
vessel was. agitated at about 500 rpm After the digestion was conplete,
the kettle was allowed to sit for 5 mnutes so that any entrained _
"pol yol efins could float to the top and forma second phase. The EC/ PET
sokution was then stréined through a filter pack containing a 74 mcron
.stainless steel screen to renove any |ar 4 Thsol ubl e particles such as

paper and al ugi o ft kBea@als@IRigalyed legf ignqlayer. After
strai ni ng, thgEE%?Eg?'§6TE?T6ﬁ“‘§‘ﬁgﬁ€g%§¥g}7rTTT1w kettle containing a
960 g heel of EC at®66f&8Hr1-€ Pgw% &y Examplesaboyifo e Summargizesk ivessel .

The kettle wa¥abjei iped Ewamplanlagst abasideted eonpalrat iRt idxg myg | e, and

nitrogen purg i t served to recover .the PET as a fine
slurry by pregF§¥§§§5ﬁg£?ﬁ§PEE% é?eagPBRéFefgﬁpgﬁﬁpﬁﬂéFyAPEb$%§Hding t he
EC/ PET sol uti 8aven&ion.period of 2 minutes, the vessel was

-27 - allowed to cool to 70[err]C over a period of about 1 hour. The PET
slurry was then discharged into a Buchner funnel w th \Watnman nunber 540
filter paper. Mlten EC was drained fromthe filter cake. After the bul k of
the EC had drained fromthe filter cake, it was reslurried three tinmes with
750 m aliquots of technical grade acetone to renove adhering and entrai ned
EC. The PET product was dried overnight in a vacuum



oven at 150[err]C and 98 kPa pressure to renove residual solvent. The
recovered PET, after drying, weighed 191 g, for a recovery of 76 percent.
The recovered PET was anal yzed to deternmine its IV and chlorine content.

The PET product had an IV of 0.587 dl/g, and a chlorine content (determ ned
by. X-ray fluorescencey of |ess than 253§pm For the recovered powder, the

col or paraneters are: Rerr] = 70.7, = -1.00, b = 3.24. Exanple 2 A
500 g sanpl e of trherweter et—hEF (prc:arcd S ‘
transferred to afthreq nepkPd| S llifer rofrgl bottomflas .8The fl aslf was
equi pped with a hea irg nad | ¢, t Hegnownel .and.ther'rmcou | &, overhead
stirrer, reflux qonfgnser —ami—artrogenpurge—Hre—tt+ade—was—ehemcal | y
washed by addi ng|26p®|g of & ef r&hydfof urap § THF) |to the {I1Rdsk, heatilng to
60[err] C, and agita.igg‘theamx-lturemvmth art?ioverhead stifr@r. After
reaching 60[err] € | ch dichl' wdsh was Favried|olt forlah additiofal 20
m nutes. At the ¢nd of Saph, fhg spent JHF wgs renoved, by vacuumm
aspiration. The $pept gHF s| hadllymdi sco} Qf ed wi|th col of bhodies frogmthe
PET fl akes. Orga i§“ Fan &£ adPesiveb.® polyMi hyl _chld?ide, etc, were
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wash step was cafrapd &ut| in p mann@r idehtical to the f{rst. The THF was
. ~ 0, N (3] 4]
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TABLE'I'(continued)

SELECTIVE
SOLVENT

1000 ppm H,O,
1000 ppm EG

<35 ppm Hy0
<25 ppm EG
1000 ppm Hy0
<25 ppm EG

<35 ppm ‘H,,0
1000 ppm ﬁG

N/A

<35 ppm H50
<25 ppm EG

SOLVENTS

TIVE

SOLVENT | IMPURITIES

SELEC-

EC

EC
EC

EC
. DMP

EC

CHEM-
ICAL
WASH
THF

THF
THF

THF
THF

THF

Cl
{ppm)

~5600

~5600
~5600

~5600
45-65

~5600

Iv
(dl/g)

0.765

0.765

PET FEED

TYPE

PCR Clear

+ lwt® PVC | 0.765

+ 2wt$

green

+ 1lwt® PVC | 0.765
green
green

PCR Clear

+ 2wt$

PCR Clear

+ lwt$ PVC | 0.765
+ 2wt$

PCR Clear
+ 1wt PVC | 0.765
+ 2wt$
green
PCR Clear

PCR Clear
+ lwt$% PVC

Ex.

7

8
9

10
11

12




particles. Further filtration was acconplished by
-29 - passing the solution through a sand bed. The sand bed consisted of a
0.3 mlong by 19 mmdi aneter oil jacketed tube. Hot oil at 225[err] C was

“ circulated through the jacket. The sand was a 35x70 nesh sharp filter grade

sand and Was retained by a 250 nicron scgeen at the bottom of the bed. The
sand bed served to efficiently renove very small particles fromthe
solution via EBeamplei L8ration. Fine solid particles not captured by the

filter pack and ol gbedinPAé ukéeher Siflsautisp! iRl tnd' upestppL! i cation
catal yst fromthe PET, were renove y the sand bed. A sma go I shi ng
filter (40 mi2ebVgntiaBagsan LHPRFtieR EhAIPOLYALisPespttyY0Bnfh8and

Fﬁrt IEg S;Tescfé’ﬁ’@lé hBEbegolymer%I:@a%gt;icsfﬁﬁngstdtSIf ozlam whehfal keget r aigg,0
e SOl Ul on, was agde 0 . . glass aut ocl av on I n a
heol of Ec netadRERryetoRh Alefrhdtiondutes SRSEHd EO AL bES
shaft, thernodbgestioni stegenupimgevanious nseleativafsdkeventis) sandt ocl ave

served as a péﬁ%% Lééﬁﬂér §r recovery of the PET. Tenperature control was
acconpl i shed w via héafing tape on the outside of the vessel. After
addi ng t he EC/ PETTR®| BET osample kaping cdl wide s5(kimgiaki meleculae

preci pi t at or I 7 l cGmpEh apppt 1 hour.
The tenperat u‘)f%f?lﬁttﬁﬂgiégiég?g?%t%?s i%ﬁéé%iéaoé}gs% as tjj'ﬁlgeh‘g{le PET/ EC

entered the \Rs¥per ef  NBEDR R A YRY29¢ JROLISHERE WEHIDY oMl t&Fi on
about 24,000 with another low molecular weight PET

polymer with a Mp of about 1600, to provide a mixed PET
sample with a theoretical weighted average Mp of about
6000, and a ratio of weight average molecular weight
(M) to Mp, or polydispersity (My/Mp) of about 3.3, as
determined by GPC.

Small amounts (about 45 g) of the mixed PET were
combined with small amounts (about 145 g) of each of

. five selective solvents: ethylene carbonate (EC),
propylene carbonate (PC), dimethyl phthalate (DMP),
dimethyl isophthalate (DMI), and a mixture of dimethyl
terephthalate and diethyl terephthalate (DMT/DET)

- combined in a 50:50 weight ratio. Each sample was
digested in the selective solvent for a specified time
at 220°C, and then cooled to slightly above room
temperature to allow precipitation and recovery of the
PET. The samples dissolved in EC or PC were digested
for 30 minutes. The samples dissolved in the remaining
solvents were digested for 2 hours. The recovered PET
was washed three times with acetone, filtered under
suction to allow air drying for about 20 minutes, and
then dried for an hour at 80°C in a vacuum oven under
98 kPa pressure to remove the acetone. The samples
were then analyzed for molecular weight. Results are
shown in Table 2.



began to occur at about 140[err]C. The PET slurry was then discharged into
a Buchner funnel with Whatman No. 540 filter paper. Mlten EC was drained
ffomthe filter cake. After the bulk of the EC had drained fromfilter
cake, it was rinsed three times with 250 nl of technical grade acetone to
renove EC adhering to the PET. The_Rfgl _product was dried overnight in a
vacuum oven at 70[err]C and 98 kPa pressure to renove residual solvent. The
recovered PET (148 @amde t9ran dirany Zable 2, the aromatic ester

230 - for |V SXkali oY I 901 FN L indWed dda fieiperacor die recover ed PET
product had an IV of 181 dl /&PQ % cont ai ned 43 ppm chI orine. About 58

wei ght percerﬁhqq_rﬁmeﬁsalf o\ Theampkechangrd pior theduct al so
exhi bi t ed th@ﬁg&émmgs@éﬁ or ™ WEkyl¥he d¥rbondgte sdlddtivad b = 2. 45,

Exanpl e 3 A25 sar%éqﬁé)f Cl&%ﬁﬂ\,@rﬂ w%{ﬁgﬁ&fla %\QﬁZZ

spi ked with £
wei ght perceruham;aémd:cgrtﬂsm difeREQn sy cuesto egack I aPntleat in the

(o about 508 S e SR SR (R N SR LR aehod

to about 560
wi th THF and apld@ﬂmneacqal;bm%@ﬁ-vediqwem, dhelasldeyInne |¢amn@tes2

Entrai ned pO'a&i@cﬁfdJEé!féé‘d M@ \Hiho Sl R PR ive fotpl e Recovery of
dried PET was, 188 %

distri utlon of the mixed PET polymer charged,

resulting in PET with a polydispersity of about 2,

typical of that for virgin melt polymerized PET

polymers. The aromatic ester solvents were less

effective at equilibrating the high molecular weight

components, even though the digestion step was

conducted over a longer time period.

TABLE 2
Selective Digest
Solvent My My, Mp, M, My/Mn Time
(hrs)
EC 4577 8558 8579 | 13176 . 0.5°
PC 4654 9795 | 10641 | 15897 2.1 0.5
DMP 6996 | 17930 | 23547 | 29094 2. 2
DMT/DET 6402 17127 | 22772 | 29174 2. 2
DMI 6950 | 19486 | 27116 | 32267 2 2




~

.oberall yield'of 75 percent. The IV of the recovered PET was 0.240 dl/g.
The chlorine content of the recovered PET was 2900 ppm indicating that

appr oxi mat el-y—hatf—ef—t-he chlorine (which may serve as an indicator for the
pol yvi nyl chl gr.i gi was rejected by the dissolution step. The recovered PET

ptoduct exhi bi g} been Replagedg col or vajgies: Rd = 83.2, a = -3.45, b =

6. 59. Exanpl e u ﬂﬁ} npl e of clear, water washed, PCR PET fl ake was
spiked with 1 pol yvi nyl chloride bottle grade rei msed 2
wei ght percent washed green PCR PET, based on estimated PET content 1n the
PCR PET flake. Further processing, i&nglpding @ THF chem cal wash step, was
then perforned as in Exanple 2. Recovery—of—dried PET was 145 g for an
overal |l yield of 58 percent. The IV of the PET recovered was 0.240 dl/g.
The chl ori ne lecon®&Rcess fiod reCoOVEdRPEPlNester pohvmar: H&%dh & here i s

some basel i ngdignRlr i@ id¥ditaining at least 35 weight polyester 31 -
present, at [east %QTﬁﬁkﬂgt percent of the chlorine was renoved fromthe

PET by the pP® SRS FSET product exhibited the fol l owing col or
val ues: Rd =i§l. €ontaectiagBihed polimed miwuures at elevlatehi s exanpl e,

THE, and al | of nePTRRIRHES PR & SR Beiepto1d MRt Hery ot T
polyester polymers are soluble and other polymers
are substantially insoluble;

ii) separating the polyester-containing selective

solvent from the undissolved residue;

iii)and separating the polyester thereby recovered.

2. Process as claimed in claim 1 wherein, prior to

contact with the selective solvent, the polymer mixture

is contacting with a chemidal wash solvent in which

polyester polymers are substantially insoluble and

polyvinyl chloride is at least partially soluble.

3. Process as claimed in claim 2 wherein the chemical

wash solvent is a moderately polar, oxygenated

hydrocarbon of boiling point from 50°C to 200°C.

4. Process as claimed in claim 3 wherein the chemical
" wash solvent is an ester, ether or ketone containing 3

to 16 carbon atoms.

5. Process as claimed in any one of the preceding

claims wherein the selective solvent is a moderately

polar, aprotic material.

6. Process as claimed in claim 5 wherein the selective

solvent is an alkylene carbonate or a dialkyl phthalate

or naphthenate.

7. Process as claimed in any one of the preceding

claims wherein the polymer mixture is contacted with

the selective solvent at a temperature between 140°C and

285°C.

8. Process as claimed in any one of the preceding

claims wherein the polyester-containing selective

'+ ¢ L M 0§ 0%
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" dried PET was 132 g for an overall yield of 66 percent. The IV of the PET
recovered was 0.295 dl/g. The chlorine content of the recovered PET was 91
ppm indicating at |east 98 weight percent of the chlorine was renoved from
tthe PET by the process. Exanple 6 In this exanple, cyclohexanone was

- sed as the chem cal "wash sol vent, and_ glol ot her paraneters were simlar to

- Exanple 4. Wth cycl ohexanone, the chem cal wash solvent essentially
di ssol ved al Isolsmeitmiirsy qoumilyed dfo hetiveen t602CPERdS LAREC nkarordleratavspheri c

boi i ng poi nt, . of .G\ one. %:\E;ﬁ@none as the chem cal wash
solvent eli ni%’nacé?%%agbﬁee {ﬂ)(;%l errg"v.egI St%%éﬁ!& i'ed polyolefin fromthe

di ssol uti on/ @.gerocesss a8l Claimedadn anat ones gfartie mresredigigiol efins from
the PET. Ap@l%ﬁ?%ﬁié&#rﬁiﬁgﬁd@%oﬁ%r&@bo&§géﬁ 39 Wi iide sy ciphexanone

at 155[err]C, so _sone P A was | ost Tq the cycl ohexanone sol vent.
Recovery of @ MédPPragessing gregatdoney dish WirgiR folyesi@ment. The 1V

of the recoveaRdnFh Wamdard®le Modethlar Reigditi.ent of the recovered PET
was 66 ppm indicating a chlqri,ne renoval .of .at,.l| east wei.ght percent.

The recovere&%PE%rﬁrc ctasefﬁ'i Redy 1 &R0 8wwﬁ§r8&%%?\?am3&u = 83.6,
a = 2.41, b »fir@rovermedland’ virgihheodiylesterofiswduerthend et hyl ene gl ycol

on the di gesgﬁé&é@;’%&é@% qt\f%iﬁeiha%%'ég(%sb&oq%@ﬂgrl%q_w of water and 1000

ppm of et hyl
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"-32- before its addition to the digester vessel. The increased hydroxyl
content of the solvent would be expecteed to react with the polyester and
reduce the nol ecul ar wei ght of the polynmer. Water |evels were determ ned by
Karl Fischer titration and ethylene glycol content by gas chronatography.
Qther paraneters in the run were simlar to Exanple 4. The yield of the
dried polyner after processing was 77% wth an IV of 0.212 dl/g, and the
chlorine content was 38 ppm Exanple 8 . The effect of |ow wafBr498d
et hyl ene gl ycol content was tested by treating the ethyl ene carbonate to a
content of less than 35 and 25 ppg gf swet gr aapdret hyl ene gl ycol,
respectively. The 250 g PET sanplE, ‘Urleu db preVloust descrlbed was t hen
processed as in Exanple 4. The effect of wer.ed_hydroxyl content was
evident as the IV of the rePBOPEESS EPBdB@FYﬁé§N§ %iKEHI/g and an over al
yiel d of 94% was apbLeMEH. CONCACNING PeLYBTHYDENEf TEREPHIHALATENAS typi cal
(48 ppm and the recovered PET product exhibited the follow ng col or
values: Rd = 82.2, a =-3.49, b = 5.29. Exanple 9 An experinment simlar
to Exanpl es 7 andi® viwentiexquuvides arpsoceserfamsrécakentnigd to a
| evel of 100 tle ?ﬂﬁ afiﬁ mor |less. The
resul ting po%jﬂwgn dé]zerf?cf@ﬁl %ﬁ?g anl"é?ap %l;y % The recovered
PET exhi bi t edFaurPalake gl RBETorfxem \drixed :pqﬂamer Fecyales b = 5.47.

Exanpl e 10 stridin eff@eicadENngsen dhet e et $arsdnd ted WSt Ngr i@k ecul ar

et pgder I R R R 1, R

contacting the mixed polymer recycle stream with a

solvent which selectively dissolves the polyester, (2)
separating the selective solvent containing PET from
the residual mixed polymer, (3) cooling the selective
solvent to precipitate the polyester, and (4)
separating the polyester thereby recovered. 1In a
preferred embodiment, the mixed polymer recycle stream
is chemically washed subsequent to water washing and
prior to contact with the selective solvent. The
polyester recovered is preferably combined with
"virgin" polyester and further processed to increase
its molecular weight.

R T
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maki ng anot her run sj EQEAM@WH 4. Water was held to a | evel of 325_

ppm or | ess as deter

Fischer titration. Thelrecovered I yner had an IV of 0.310 dl/g, and an
overal | recovery of 42% grgeldk red{ PET exhihited the follow ng col or
values: Rd = 81.7, al=}-2.2, b = 6. 3 Exanpl e 24bstituteishgehy Boduival 998
(DVP) was aI o) |nvest| €d as a sel ec1 I ve solvent. The only preparation of

t he sol vent was drying “it _over 'r\Lne_A-A-prTbI ecul ar sieves. The clear PCR
sanpl e was prepared wth the addi tion of 1% PVC only before THF washi ng.

The washed fl akes were ans.ferred to a vacuum oven where Wer e, | d at
70[ err] C anB*88SRS, 3% M xecte POLYRMET Engﬁg%esFE%?tﬂu%ﬂ:e Tﬂggs 4

sanpl e- of thasolaebled pol ymer was then charged to the 2 liter aut ocI ave and

ed with 1 a S
g;(r)?lezz ou\tNI at 2 ?er??%qg'gf g%%re%rxl T elrlﬂv%%tt%%%u#%v;a\% so%%?qoﬁ
was conpl et seceMeringtpakyeskier pebypern. fm eamixed ped hymeat rﬁquie stasam k
basecups, seiceonkat@iitig?|dtovishdto maﬁeﬁgﬁp @t e pd BFdBEEY YIS md 3 &ing The

DVP/ PET Iayer was t n_di scha otiom of th vess The
PETI VP 50| GERST \BRLRISRe CHer 35 oaaﬁv?ﬂyﬁrﬁ RGN R
descri bed i whsmn:pilee 2polyrthyrlegiepi tmbypmleenﬂaeprcmlanstwgneoo whigth DVP
~at 150[ err] omphti®eshat ching in the hot .DMP/ PET mi xture, the

I) contacting the polymer mixture with a chemical wash solvent
10 in which polyester polymers are substantially insoluble and
polyvinyl chloride is at least partially soluble and separating
the resulting contaminated chemical wash solvent from the
residual mixed polymer recycle stream;
II) contacting the residual mixed polymer recycle stream at a
15 temperature between 140°C and 285°C with a dialkyl
terephthalate, a dialkyl phthalate, a dialkyl isophthalate, a
dialkyl naphthalate, an alkylene carbonate or mixtures thereof
in which the polyester polymers are soluble and the other
polymers are substantially insoluble;
20 III) separating the polyester-containing selective solvent from
the undissolved residue; and

IV) separating the polyester thereby recovered
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crystallizer was di schar
drying, 196 g of PET was

re had cooled to 150[err]C. After
overall yield of 98% The

recovered PET product hgd a%I\/of 0.75 and exhibited the follow ng col or
values: Rd = 83.6, a = -{2]41 8§bJH¥L : anple 12 .. An experinent simlar
to Exanple 8 was run on [P¢R cl ear fIaEe th a Wésgwtﬁé - t’Hb’uﬂggﬁy
green flake. The recoverjed PET produort Aan |V of 0.585 dl/g and

exhibited the follow ngl | ues: Rd 80 4, a = -0.95, b = 4.92.

- 34 - Summary of the Results of Exanp -12 The results of the
Exanpl es above arf@® fuRraferzgdi ﬁmlraémeat Ef(aﬁbﬁelll"#%tkﬂﬂws@dered
conpar ati ve, ohhild®l eash sitep fxaintiadadesabsaqoenecdce x| ary of the

invention. g v.ndard watdr wash preparation, and prior to

contacting the mixed polymer recycle stream with the

S selective solvent for polyester. In either of these
embodiments, the recovered polyester is preferably
combined with a "virgin" polyester that has been
prepare@ from standard monomers (e.g. terephthalic acid
and ethylene glycol), and the combination is further

10 processed to increase its molecular weight.
Alternatively, the recovered polyester may be further

processed in isolation to form a product Wlth 100%
recycle content.

Polyester polymers include a variety of
15 condensation polymers formed by the combination of a
.dicarboxylic acid or diester thereof and a dihydric
alcohol or glycol. The polyethylene terephthalate
(PET) in the recycle stream is typically comprised of
repeat units which are derived from teréphthalic acid
20 or a diester thereof and ethylene glycol
(1, 2-ethanediol). However, it is understood that the
PET can also be modified with small amounts of other
monomers. Such modified PET can contain small amounts

25

30

35
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[err] -36- [er -37 - Exanple
13 ° To determ ne whet her d%ﬁslg“!_tma ijnjt he sel ective solvent has an
i npact on the pol ydi spersjt € recyql ¢ PET pol yner product, sanples of

PET with a w de nol ecul ar ' It ijon €..SUbj d T
di gestion step, using varfjous selective sol vengg'?sgﬁ‘ggt%%%?reécg\‘fgr]gggg
The PET sanple having a e o0ar ) nd ecul ar wei ght di stribution was

prepared by c | Y RE i AW rpger Bl
wei ght () o%b%u%ﬁf%%%&v%?%ﬁ%ﬁg EF%\%%F@%U?% mea!i}%h{%&'[rp%l ymer
with a Merr] ﬁ:ﬁl%ﬁelﬂﬁ(ﬁ&ss@&"&%\?ﬁaewalﬁ?x@ﬂlﬁl%&)Ig‘g%% a
theoretical wydllyndk dfermoand Sublstahtaaely fefecteantissoitinmiofiei ght

aver age nol ecul ar i ght
J the omﬁ'xegr polymers present in the mixed polymer recycle

5 stream. The size of the PET particles affects the rate
of dissolution of the PET in the selective solvent
(small particles dissolve more quickiy than larger
particles because of larger surface area exposéd to the
solvent). Agitation of the PET particles in the

10 selective solvent will speed dissolution of the PET, as
will increasing the temperature of the selective
solvent, as long as the temperature is not so high as
to cause decomposition in the polymers present.

The selective solvent of the invention is a solvent

15 that selectively dissolves PET without significantly
dissolving other polymers that may be presént. such as
polyethylene, polypropylene, polystyrene, and polyvinyl
chloride. Some molecular weight reduction in the PET
may occur, but the PET is maintained in a pciymer form.

20 The molecular weight reduction that occurs in the PET
is accommodated through subsequent processing to
re-build the molecular weight. , ' .

Suitable selective solvents may be broadly
classified as moderately polar, aprotic materials that
25 do not depolymerize the PET and have boiling points
greater than 180°C, to allow efficient dissolution of
PET at an ,elevated temperature. Preferred solvents
dissolve less than 1 pph of other polymers that may be
present in the mixed polymer recycle stream, measured
30 as parts of polymer individually dissolved in a given
solvent at elevated temperature (typically 170°C to
250°C). -~
A preferred_group of solvents includes those which
are considered "native" to the polyester polymer

BT a;;pa&.cement sheet
Date: 0-9 r_\.JUL 998



(Merr]) to Merr],
det erm ned by GPC. oyt 45 g) of the m xed PET were
conbined with smal |l anou - q) [of each of five selective

sol vents: ethyl ene carbo n)e1 C%,Baosgﬁﬁfexglg?c%f ‘Ogi‘&?{ﬁgﬁ%ﬁ

pht hal ate (DWP), dineth
/ DET) conbined in a 50:50

t erepht hal at e and di et hy|
the_sel ecti Vﬁ?‘yfm vent for a

wei ght ratio. Each s | € S
spegi fied ti’-'t?é“é’te"fﬁg[mé‘?er‘]'g?‘gaﬁ& hERec3BFEERE0 31 i YhtT3Y above room

t enper at ur e dezoaigeme preedqunt, attiaenmatériatsvehatodre hes#fIl frhe sanpl es
di ssol ved i gma'izzqn% BET R sqgt‘g_q.%&egoﬁggsﬁgrnggﬁyﬁ&s The sanpl es dissol ved
| gest or

in the remaining solvents were ours. The recovered PET was
washed t hr e®@idankoxylic asidsne suchl esr §granbEhaliet3oile 28 | ow air drying

for abqut 2QGduiEs sl d@tndliead Goycal, hade aét Sédeonddssed a vacuum
oven under 98 ‘kPa pressure to r h wer e then

anal yzed f oMitdiidt (1S iR .°feRg'é§'§F§t§r gggg?g\?\ﬁh?%g%%ﬁ?egpjlfiss
-38 - Asvigan depsbarefizenthebPET2, HbeeseopndiesesteroSdihective
char ged to ey £ A Brchane, AIReRhYEosRbtR IR a R Ten
reduced t he etigokesié cedrbgnaife, t hdriRETwiddpHecompegedte ofedm di gestion step,
due to ypactdiy,dnd Plycol and carbon dioxide on exposure to
water, are encompassed within this group of solvents.
Specifically, a particularly preferred group of
selective solvents includes dialkyl terephthalates,
dialkyl phthalates, dialkyl isophthalates, dialkyl
15 naphthalates, alkylene carbonates and mixtures thereof.
Specific examples of particularly preferred selective solvents
include dimethyl terephthalate, dimethyl phthalate, diethyl
dimethyl terephthalate, dimethyl phthalate, diethyl
terephthalate, dimethyl isophthalate, dimethyl
20 2, G-naphthaiene dicarboxylate, and mixtures t_'.hergc':f,' .
and ethylene carbonate, propylene carbonate, a.nd o
mixtures thereof. ' ' -
Although these preferred selective sclvents are
characterized as non-depolymerizing, some molecular
25 weight reduction may occur in the PET coincidéﬁt with
dissolution in the solvent. The amount cf moLecular
weight reduction which occurs may be controlled through
careful selection of the salective solverit,' and by '
_ minimizing the amount of impurities present in the
30 selective solvent. Some water is expected tc be
present in the selective solvent, and/or carried with
the mixed polymer waste stream, which will result in
some hydrolysis and molecular weight reduc:tlicn of the
PET polymer. 1In addition, some of the preferred
35 selective solvents, such as ethylene carbonate, may
" generate decomposition byproducts, particularly at
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ba-te: 0.9 JuL 1998



EPUN@E'EN$SSﬁEEI ined in the al kyl ene carbonat es.

However, the al kyl ene . c¢l | apsed the binodal nol ecul ar

wei ght distribution of thﬁk%iéﬁ .Egg ollymer charged, resulting in PET with
a pol ydi spersity of a ! i f-{that fgr virqin melt I hged
PET pol ymers. The aronftlc ester saluants meregPE§§“§?F@8F+vépgvmn?éég

equi librating the highl nol ecul ar wei ght jgpuaponents, even though the

di gestion step was con er tine period.
TABLE 2 Se| apdi kow molecular weight fractions adjusted to Pfj"éﬁ‘g? Sol vent

Merr] MaepblydispbkSity of abdkerz] 1f Miweris d¥sérable tdine
(hrs) EC C

4654 . 9795 0966&545"-{58@?‘&}2‘%419& 71?“*’%;’%7“{6%&9]‘ %"lydiéBSgS?ti?gso 23547
29094 2.6 comparaBl@MEbDEIrgin Pdldner 1Ay o22he2alR9léde 2.7
?3SV'. 5 cg% %nat%géggecgzaé6sofgé§25 i§L§§eferrgd. 2;£'it is

preferable to maintain the polydispersity of the mixed

polymer recycle stream, use of the aromatic ester

selective solvents is preferred.

The amount of selective solvent used should be

10 sufficient to dissolve the PET in a reasonable amount
of time. The selective solvent is suitably contacted
with the mixed polymer recycle stream in ratios of from
1:1 to 19:1, preferably from 1.5:1 to 8:1, espgcially
from 2:1 to 5:1 based upon total weight of selective

15 solvent to PET present in the mixed polymer. )

The selective solvent is contacted with the mixed
polymer recycle stream in amounts sufficient to'prodﬁce
a selective solvent solution containing from 5';0 S0,
preferably from 10 to 40 and especially between 13 to

20 35 weight percent PET. ' -

The selective solvent is employed at elevated
temperature, to ensure efficient dissolution of the
PET. The selective solvent and PET are
contacted at temperatures of from 140°C to 285°C,

25 preferably from 170°C to 250°C, and most preéferably from
200°C to 230°C.

The PET dissolution step is preferably conducted at
or near atmospheric pressure, although higher pressures
may be used. The PET may be contacted with the _

30 selective solvent by any conventional method, and using
conventional equipment for the operating conditions
employed. The PET dissolution step is conducted, for
example, ﬁy combining the PET and selective solwvent in
a stirred tank reactor. The resulting solvent

35 containing PET may be separated from the residual waste

pol ymer with hydrol ytif

This is the replacement sheet
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CLAIM5 1. A procesg ' ol yester polynmer froma m xed

pol yirer recycle stres rﬂm. ast 35 weight percent pol yest er

pel ymer, and ot her pqly yethyl ene vinyl 5 acetate, polyvinyl
chl ori de, polyethyl ene, y | en r pol vy, i.chac

) contacting the p¢l m@oé nvmfdg a chem ‘éﬁls@ﬁ& 6% R/eﬁt‘?urw Léﬁil ch
pol yester polyners afe uherantlallv i;nsol ubl e and pol yvinyl chloride is
at least partially spluble and separaipmg 10 the resulting contaninated
chem cal wash sol vent fTOonmthe ~esldual m xed polynmer recycle stream

1) contacting the residual m xed polyner recycle streamat a tenperature
between 140[err]C and 285C with aCLdIMEBkyl terephthalate, a dialkyl

phthal-ate, @ di aikpkobégﬁhtfai“ %Eéovéri %d éh.&)ébtéﬁpbbmﬁdnéfefraﬁt al i.eae

car bonat e or n1xtu es th Ereo i n gg ﬁﬁ Er3g are_sol.ubl e
and the otH@? YmﬁEI?ﬁEVE §r§t§85§tSHPF3FP§n9n I iﬁgxﬁ?ﬁqQﬁfthe
pol yest er - yedtiar) pllyeeri vand dthaxt pbﬂ.ymerstmmraia pednyeeuylme dedmyyland
20 1V) s par te r ey S
clained i %{.é@% V\/f$ 1 9?)? |%1}£ 0 cgegnt g8§9¥€ﬁv\fg%nt'hep°w§ Zérs’% voernt

t he poIynerPﬂiXSEYéengfCYFEQEWQQQ?rlﬁﬁ%IT a chem cal wash solvent in which

pol yester pely rTEéén@é@.tmge whet polimed Ynixtadieu bhehaaobr&mhwnwb.shhbmvds; i s

The. chom calbwatiien JSCusRtex moRumers 8Fy sibgtaRblaiiky HAIbA e "

of boi ling poppvnuylrthQiﬂ@SrlFCﬁtciﬁﬁiH<ﬂaq33311Y4501ugi©c%%§ %§9%¥%FH%E in

claim3 W@eEﬁén ié@uﬁbﬁﬁ@y Cfﬂon‘ﬁ’é.ﬁﬁnﬁ@eamét%ﬁldaﬂ. agagh! efolvairter £ebmketipae
containing 3 to_16 car Process as clainmed jn any one of

the precedi R§SLAYRIs™ xeah%?¥¥Wquﬁ?ﬁ¥ﬁ%ﬁa E&23Mint ai ni ng sel ective sol vent
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precedi ng cl al
terephthalate, a dialkyl phthalate, a dialkyl isophthalate, a
15 dialkyl naphthalate, an alkylene carbonate or mixtures thereof
in which the polyester polymers are soluble and the other
polymers are substantially insoluble;
III) separating the polyester-containing selective solvent from
the undissolved residue; and
20 IV) separating the polyester thereby recovered.
2. Process as claimed in claim 1 wherein, prior to contact
with the selective solvent, the polymer mixture is contacting
with a chemical wash solvent in which polyester polymers are

substantially insoluble and polyvinyl chlor:de igs at least
25 partially soluble.

3. Process as claimed in claim 2 wherein the chemical wash

solvent is a moderately polar, oxygenated hydrocarbon of boiling
point from 50°C to 200°C.

4. Process as claimed in claim 3 wherein the chemical wash

30 solvent is an ester, ether or ketone containing 3 to 16 caxbon
atoms. ' T

5. Process as claimed in any one of the preceding claims

wherein the polyester-containing selective solvent is cooled to

between 60°C to 170°C in order to precipitate the polyester
35 therefrom. :

6. Process as claimed in any one of the preceding claims
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wherein the recovered polyester is combined,. in a melt

processing operation, with virgin polyester having a comparable
molecular weight.

7. Process as claimed in claim 6 wherein the mixture of

5 recovered and virgin polyester is further . polymerised to
increase its molecular weight.
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