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Pol yester Pol ynmers Havi ng Low Acet al dehyde Generati on
woRa10e®3523¢ Fi el d of the Invention: The inventiPCI/US2006/034616

relates to polyester polyners containing repeating

units of esters formed fromdiols and aryl

di carboxylic acids, and in particular to polyester

pol ynmers containing alum num atonms to which a catal yst

deactivator such as a phosphorus conmpound i s added

late to er e n
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unacceptable levels of AA in the preforms. Melt processing also forms

more AA precursors, which can liberate AA. Acetaldehyde has a
noticeable taste and can be detected by human taste buds at low levels.
Unacceptably high AA levels in preforms are those that adversely impact
the taste of the beverage contained in the said bottles or those that

exceed brand owners' specifications for the desired applicétion.

Relatively tasteless beverages such as water are particularly negatively
impacted by the strong taste of AA. Many water bottle applications
require lower levels of perform AA than carbonated soft drink (“*CSD”) -
bottle applications. Converters who take polyester particles and make
bottle preforms would like to have one resin that could be used to make
preforms for both water and CSD applications. This would simplify the

materials handling process at the converter by allowing for one feed silo



storage area or one type of product storage area for
wat er and CSD applications, etc. Mist resins sold
WO ndog/oss€er bottle markets have a | ower |t.V.PCTER2006/034616
those resins sold into CSD markets. A dual use resin
woul d have to a high enough It.V. for CSD
applications and a | ow enough | evel of preform AA for
wat er bottle applications. The level of performAA is
i npacted by the AA generation rate of polyester
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pol yeslativefolayramalogous prefaret 9r bottieivsthasit A /pseavenger and its

i ncreases tﬁﬁﬁtlne exposed to the el evated

t enpetlEF 8d96fhcessary to keep the pol yester nolten,
relative to a conventional process with both

nmel t - phase and solid-phase steps. 2 WO 2007/ 035256
PCT/ U%ze)@ef. ©R4gisIayings associated with manufacturing polyesters entirely

in the melt phase. There are also subsequent melt processing
advantages to avoiding solid-phase polycondensation. Injection molding
to make preforms is an example of melt processing. For instance, solid-
stated polyester particles develop large shell to core It.V. gradients,
which result in larger It.V. losses during melt processing. [n addition,
solid-stated polyesters have higher melting points due to the annealing
that occurs during solid-stating. On the other hand, there is also some
quality concerns associated with manufacturing polyesters entirely in the
melt phase. Making a high intrinsic viscosity polyester polymer
eXcIusiver in the melt phase increases the time exposed to the elevated
temperatures necessary to keep the polyester molten, relative to a

conventional process with both melt-phase and solid-phase steps.
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Increasing the tine at nelt tenperatures increases the
formation of AA precursors in the nolten pol yester,
wokiock33286 cool ed and formed into pol yester paPCT/UF®86/034616

Duri ng subsequent nelt processing of the polyester
particles to formarticles, the AA precursors, which

are present at higher levels, are converted to AA
therefore, high IV polyester particles nade entirely

in the nelt phase have hi gher AA generation rates upon
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precursors. There is a need for a polyester poly
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acute in the water bottle market which demands very
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i nventi on, ere 1's now provided a pol yester pol yrer
corrpomtalyehcmmsolcmtaigze thed lgeactlems polopmefA presiBOEs. ng
repeati ng 3 WO 2007/ 035256 PCT/ US2006/ 034616 al kyl ene
arylate units and alum numatons in an anmount of at

| east Tigere is a need for a polyester polymer built to a high IV entirely in the
melt phase and thereby avoids the costly step of solid state
polymerization with its melt processing disadvantages, yet generates low
amounts of AA upon remelting in the absence of added AA scavengers
éince scavengers either add cost, black specks or darken/yeliow the
polymer or all of the above. The need is especially acute in the water
bottle market which demands very low levels of AA in preforms and
bottles. It would be even more desirable if the same polyester

composition can meet the IV requiremenfs of the CSD bottle market.

3. Summary of the Invention

In one aspect of the invention, there is now provided a polyester polymer

composition comprising: polyester polymers comprising repeating
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ppm based on the wei ght of the polyner, said pol yner
having an It.V. of at least 0.72 dL/g obtained

wo boooosf2s@ nelt phase pol ynmeri zati on and a r eBCTHUS2006/034616
acet al dehyde | evel of 10 ppmor |ess. In another
aspect of the invention, there is provided a polyester
conposition conprising polyester polyners and: (i)
alum numatons (ii) alkaline earth netal atons or
al kali nmetal atons or alkali conpound residues, and

(i .)alﬁyl%ﬁ%%b@tfe\/%ﬁgﬁidvﬁb i%ﬁfa?&%is\(ﬁah%rﬁéu teffﬁééleastB

partia e ca tic activity o
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aline eart t tons or alkali netal atons ..or

2l kaldt '6%&%&%@‘?@%@9%@% meltphasepyingdgation and a

Pr ocegsidual a&é(}%lo‘é’hgﬁé"f’éiie%ﬁ@fgpﬁ%bfl%é.ef pol ymers,

conpri sing addi ng osphor us ons to a pol yester
melt, said polyester nelt containing a) alum num-
atons,_and b) al ka

i t h. | .at | kal |
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one or re of the fol'low ng conditions are satisfied
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of at least 0.50 dL/ acuum appli

pol yesit glkalMBbipoliid fsBiduds; adtl | east partially
rel eased, or c? if the polyester nelt is_pres ngtiegs?
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2R GOABEADN Sy R PESC)
and baillatieura atotnsendf (i) alkaline agrth nestalpaioyesoralkak hegtal atoms

or 4 WD 2007/ 03525 PCJ/ US2006/ 034616
or alkali compound residues.

There is also provided a process for the manufacture of polyester
polymers, comprising adding phosphorus atoms to a polyester melt, said
polyester melt containing a) aluminum atoms and b) alkaline earth metal
atoms or alkali metal atoms or alkali compound residues, wherein the
phosphorus atoms are added to the polyester melt when one or more of
the following conditions are satisfied or thereafter and before
solidification of the polyester melt: ,

a) the polyester melt reaches an It.V. of at least 0.50 dL/g

or

b) vacuum applied to the polyester melt, if any, is at least

partially released, or

c) if the polyester melt is present in a melt phase

polymerization process, adding the phosphorus compound'

within a final reactor for making the polyester polymer or

between the final reactor and before a cutter for cutting the

polyester melt, or



d) if the polyester nelt is present in a nelt phase
pol yneri zati on process, follow ng at | east 85% of the

wao 20e/03266 pol ycondensi ng the pol yester nelt; PCT/E320061€34616
It.V. of the polyester nelt is within 0.1 0 dL/g of
the [It.V. obtained upon solidification; or f) at a
point wwthin 20 m nutes or |less of solidifying the
pol yester nmelt. 3. Detailed Description of the
I nvention The present invention nmay be understood nore
readily by refegfpae SdyedibPmihlis Bt ik ahbiephase
description of the Inve t|on al so be noted
that, as used |polymnerls$iem pnocass dnllm@gtatée@ip&ﬁ%@(ﬁthe time
claims, t he singul a the i ncl ude

plural referent®’ pB[YF@'é‘ge'ﬁﬂ%g %P@X?S%r e 9T di ct at es

ot herw se. For @m@m ¥, of tAEQoRfEter Melt IS @RBRSO.A0 dLg of the
maki ng a "pol yne a "preform" "article,

"cont ai ner, " orl’EV pbtained upen salidifieriidn; ori ncl ude t he

processi ng or I
preforns, arti 2{6@ 2%@2%@ rﬁﬁ?@z}bﬁﬂ% st%rl Iggg oﬁg@ﬁ(ﬁfgﬁn&the
to a conp05|t|ogm9@§bﬁnﬁnng an" ingredient or "a"

polymer is intended to include other ingredients or

ot her polyners, respectively, in addition to the one
named. By "conprising” or "containing" or "having" is

neant that at |east the naned conpound, el enent,

parti 8| Petalled Medergtio efthetlnovemticst be present in the
conposition or article or nmethod, but does not exclude

the presence of other conpounds, catalysts,

mat er i

ot hor G e SR yEnfEn i) B nSIRR] e readiy efetciite to
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the sane function as what is nanmed, unless expressly
excluded in the clains. It is also to be understood

that {thgudteidd B8 nefedomat, ¥s l!'ﬁérdein"tﬁé Bﬁécmb@tﬁtﬁ\ afi@®se BBpended

precl ude the presence of additional nethod steps
bef or elains, the singular forms "a," "an" and "the" include plural referents

unless the context clearly dictates otherwise. For example, reference to

processing or making a “polymer,” a "preform," "article," "container," or
"bottle" is intended to include the processing or making of a plurality of

polymers, preforms, articles, containers or bottles.

References to a composition containing "an" ingredient or "a" polymer is
intended to include other ingredients or other polymers, respectively, in

addition to the one named.

By "comprising” or "containing” or "having" is meant that at least the
named compound, element, particle, or method step etc. must be
present in the composition or article or method, but does not exclude the
presence of other compounds, catalysts, materials, particles, method

steps, etc., even if the other such compounds, material, particles,



after the conbined recited steps or intervening nethod
steps between those steps expressly identified.
woeensesq the |lettering of process steps i s BCT/US2006/034616
conveni ent means for identifying discrete activities
or steps, and unless otherw se specified, recited
process steps can be arranged in any sequence.
Expressing a range includes all integers and fractions
thereof within the range. Expressing a tenperature or
a t e %Ss 681 9fveNh@ sAhRCRPBtoP hs whiat f ﬁﬁﬁfeﬁ' Qﬁless
m xture, or of a melt or applied to a nelt, or of
poIyﬁﬁmeeﬂyea@pﬂﬁédnﬂui@aﬁb$yner means in all cases
that the limtation is satisfied if either the
applied tenperature, the actual tenperature of the

mel t |tg$ alspab b@&fnde@étob@ltlﬁhtathé nééntidhcofaPRCo tBFe method steps
terrperature or wwthin the specified range. The word
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as used I'n conjunction W
the mlear@dsamlenceoccupyi ng any oxi dation state, any

nmor phol ogi cal state, any structural state, and any
chem cal state, whether as added to or as present in

the g HangBTREGHES AN iMEgBRLART fra&ioh@ t
2007/8@45%56QPCT/ R ades Sl oo eiar? he pr g’f@sgegeowﬂthm the

i nv emenEXpmsmg@tempﬁrafurem goienypesatre parganier a psocess, or

or oo PR Kyl 57 7% el 4 e puliBy KB a potymer or
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In conventional processes, the nol ecul ar wei ght of the

pol yeifhesthe appl temeperatirestheratealdempertureof te melt or

sol i dj pl"ﬂ%‘j ordidth BREY: hfeoéljrle%ﬁﬁgi l%}p%g%‘qu B\N@lﬁgm the specified

pol yeri zdt1 on 1.0 con
range.

The word "composition" means that each listed ingredient is present in
the composition, and does not imply that any ingredient in the

‘ composition is unbound or unreacted. The composition may be solid or
quuidj The stated ingredients in the composition may be bound,
unbound, reacted, unreacted, and unless otherwise specified, in any

oxidation state.

By "atoms" as used in conjunction with a metal is meant the metal atom
occupying any oxidation state, any morphological state, any structural
state, and any chemical state, whether as added to or as present in the

polymer or composition of matter.



increase to the final desired higher 1V. The
conventional process does not permt appreciable

W@ 2600356 deact i vation in the nelt phase as theCT/US2006/034616
subsequent sol i d-phase pol yneri zation requires
catalysis. Since the process of the invention is
capabl e of building the nol ecular weight to the
desired final IV entirely in the nmelt phase, the
catal yst can be at least partially deactivated to
t her I j
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FurtF because t he Cfl % st can beﬁ’i ast .
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using faster or nore |y active mel t - phase
cat ghghpestet pelymeo mnenteasndlto ad’aoelegaée §V s3ntidifigsl, and then

ot BB 3ok s oo A oo

genghatdagead He filddRsfed ihigheriV C atal soniveatibnal p?rbdéss does
reactions that form acetal dehyde (AA). Al though nore
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| ar ge not co ue to increase
cat adgtivitg upbn subeeqwdtmeihsg phparticteswitish s asammon

precursoqrs n convent i s whi ch enpl oys
sol |QP Hggter#}]ﬁhweqqez%tfqrbq aqéﬂ B‘ﬁﬁ%%act ive catal ysts
could be used only in the presence of AA scavengers or

were not used in practice at all due to their high
act i urthyerf becalisgdhe eatalysirmaneng lzast7passthsdeactivated in the
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i nventi on now all ows one to enp é ahlg active
cat aq:q;tgtyswc@rﬁwwﬁomegauawts nT e $r0of Bigheariaaelt
tine

phase catalysts has been discouraged because they are generally also
more active at catalyzing the side reactions that form acetaldehyde (AA).
Although more highly active melt phase polycondensation catalysts
shorten the melt phase residence time, which is a factor that, when all
other things are equal, tends to produce a polymer having lower levels of
free AA in the pellets; however, upon melting particles to form an article,
the benefits obtained by faster reaction times in the melt phase
polycondensation are largely if not completely lost due to increased
catalysis of side reactions that form AA or AA precursors. In a
conventional process Which employs solid-phase polymerization, highly
active catalysts could be used only in the presence of AA scavengers or

were not used in practice at all due to their high activity for side reactions
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and further provides polyester particles which

generate |l ow | evel s of AA wupon subsequent nelting by
w@rooresRse partially deactivating the catal yst.PCT/DSIN€034616

enbodi nent, the highly active catalyst systemresults

in polyesters wth faster or equival ent nelt-phase

pol ycondensation rates, relative to Sb-catal yzed

pol yesters, and, after late addition of a

deactivator, w |l produce polyesters with a | ower
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pol yesters. I n one enbodi nent, I'sS now provided a
pol yestlesequehiyrareltedovipers mtaking amagidei ng: pol yest er
pol ynmers conprising repeating alkylene arylate units
and al um num atons in an anount of at |least 3 ppm

basedagmotdtPaticd ifie Pfode’8 db ehe/ ivENtiSRhEwRlowEdne to employ
having an It.V, of at least 0.72 dL/g obtained
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(ii) alkaline earth netal atons or alkali netal atons
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oo t1 209 i S EPU oo Bl ef Aisehot Eftenpgtion rates,
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t her t1 ¢ polyester po yest er

t her nopl astic polynmers of the invention are

di stipgui shable. fromliquid crystal pol rs and
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have BoOMBBSIIES cARIPRIsPILE PORG s PefirHer dmhdbr‘i’sm&@ refdifling
liquid (melt) phase, they can be renelted and reshaped
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and t Egr%@ass%ﬁtoinnt%e%éiéma&sthe polymer, said polymer having an It.V. of
at least 0.72 dL/g obtained through a melt phase polymerization and a

residual acetaldehyde level of 10 ppm or less.

In another embodiment, there is provided a polyester composition
comprising polyester polymers and:

(i) aluminum atoms

(ii) alkaline earth metal atoms or alkali metal atoms
or alkali compound residues, and ‘

(iif) a catalyst deactivator in an amount effective to
at least partially deactivate the catalytic activity of the combination of
said (i) aluminum atoms and (ii) alkaline earth metal atoms or alkali

metal atoms or alkali compound residues.



are unsuitable for the intended applications such as
packaging or stretching in a nold to nmake a

w@onwasaes . The pol yester polyner is desirabl ypar/osaedem4616
pol ymer such that the nononmer units in the pol yner
chain are randomy arranged rather than arranged in a
bl ock fashion. The pol yester pol yner contains
repeati ng al kylene arylate units, such as al kyl ene
terepht hal ate or al kyl ene napht hal ate repeat units in
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repeatlngU|tS|nIude ene te
et hyl Bnl@'eampmdrmmaahcamymemmtthg ||rmwt|onare|di&thgumheble

(1) PR g Bt PSS s RE ey o PR el o

ol eo/mfrmobﬁ%ﬂé élyPHé% h‘é@ewwé&iﬁblecorﬁékéﬂ structure while in
P

derivatives of terephthalic acid
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st HEIONPES VRl in cﬁgmercbamcﬁrswﬁwo'@ @ranged FHihér than
pr odu and/or 9 WD 2007/ 035256
T U0a S PR ST, “Whi ch are t hen

polycondensed to produce the polyester. More than one
conpound ¢ |n| a xylic aci

dor | v % popEsrmohdns Gatiabs eediina ARG Shvifle units, such as
pr ocegfkylefkltefdpfithfaeRUENAReAd ALp KRBT FOSeRPRESS the

contalnlng carpoxylic acid group(s) or erivative(s)
t her epolymeachsisc dvierepspacifist exainplep oif yieeresiepgetiag enits include

conpr| ﬁy}ggeﬁ%rﬁpmaggf(ey e!thylé?\%: | Haﬁﬁﬁg%?g rgnd trlme‘%h{)ighs %

of alf
terephthalate. More preferred are polyester polymers which comprise:

(i) a carboxylic acid component comprising at least 80 mole% of
the residues of terephthalic acid, derivatives of terephthalic acid,
naphthalene-2,6-dicarboxylic acid, derivatives of naphthalene-2,6-
dicarboxylic acid, or mixtun;es thereof, and
(i) a hydroxyl component comprising at least 80 mole% of the
residues of ethylené glycol or 1,3-propanediol,
based on 100 mole percent of carboxylic acid component residues and
100 mole percent of hydroxyl component residues in the polyester

polymer.

Typically, polyesters such as polyethylene terephthalate are made by
reacting a diol such as ethylene glycol with a dicarboxylic acid as the

free acid or its C¢-C4 dialkyl ester to produce an ester monomer and/or

9



cont ai ni ng carboxylic acid group(s) or derivative(s)
thereof that are in the product add up to 100. The

w0 e@giosizes” of conmpound(s) containing carboxyPCTUSZINE034616
group(s) or derivative(s) thereof that are in the said
pol yester product refers to the portion of said
conpound(s) which remains in the said polyester
product after said conmpound(s) is condensed with a
conpound(s) containing hydroxyl group(s) and further
pol VP‘HHQ?H%%’ wHich sré%w ;ycﬁgécﬁ{deaebw@ brédifiethePolyester.
varying-length. Mre than o conpound cont ai ni ng
hydr oxXyidreghen p(le)compcrﬂm Gmttammg carbexyisfacidgra gy eher

P oo el BEfed cahbe Rl S i profers bt

gr oup(cdmpdundd Shat\erts Ve ﬂrbééﬁoéoﬁtamin@émylﬂﬁééld‘@froup
sai d pol yester product(s) conprise the hydroxyl

conporﬁkﬂﬁwatl\?ﬁ(é) hereofdhal begame part o spislipeiyesten ﬁdeLWit ggmprise

ourt b "SRRG asRLpalfbbi G iofe & b o0 fle G5 BTs

‘1 esi duagainiaf caps; >$]H(y bcidf %ﬂgb(s)mheﬁomwﬂﬁ}e@ﬂthat are in the
derivatives thereof that becone part of said

pol yedtredudagdds tor ke 6e$lﬁ@e§)@ftqomp%md£%)i gpntaining
P B AL o BT Sel SRR el ah ¥ G b
conpoyatiesierqrodactrefeys tatHzoportion ofisaidl cympesd(spwhich

derivative(s, t hereof and further_ po ondensed t.q

o SOTAS By the, SRRy TS AR B sA ] SOMERE O Fe

nmol e% i

ol e l?g@di&ﬁ%quﬁﬁ %(?éﬁ Cmg{eﬁéorﬂgﬂ.@gﬁmw @g@ () and further

can term
pr ot ommndemammm/ma pames2bobs s a4angng llangth.
anot her preferred enmbodi ment, the polyester polyner
conprises: (a) a carboxylic acid conponent conpri sing

at | e%ére&ﬂaﬁ‘éhéoébnﬂiourﬁi cdrﬂélﬁlngﬂ%/dfﬁk)fl"@roﬁﬁ (s3or deAshtives

96 nol e% of the residues of terephthalic acid
der i vabereet can beeornp haikof tbemls&staraqmymgr praduct(s). All the

2, 6-di {

apnt 1901 A AP GBS {illafino hygreayigroup(s) or

t her eaferivatives thersof tiedt bedodrie phit bfkaid pelyester product(s)
comprise the hydroxyl component. The mole % of all the compounds

containing hydroxyl group(s) or derivatives thereof that become part of
said polyester product(s) add up to 100. The “residues” of hydroxyl
functional compound(s) or derivatives thereof that become part of said
polyester product refers to the portion of said compound(s) which
remains in said polyester product after said compound(s) is condensed
with a compound(s) containing carboxylic acid group(s) or derivative(s)
thereof and further polycondensed to form polyester polymer chains of
varying length.

The mole% of the hydroxyl residues and carboxylic acid residues in the
product(s) can be determined by proton NMR.
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derivates of terephthalic acid, and (b) a hydroxyl

conponent conprising at least 90 nole% or at |east
wO20mbes% or at | east 96 nole % of the resi dupGT/U82006/034616

et hyl ene glycol or 1, 3-propanediol, nore preferably

et hyl ene gl ycol, based on 100 nol e percent of the

carboxylic acid conponent residues and 100 nole

percent of the hydroxyl conponent residues in the

pol yester polyner. The reaction of the carboxylic acid

conponghotek Pref&fed kB Hithent WEBI?EEte‘F lrbblyhgertdtﬁnpnses

preparation of the polyester polynef is not
restrict ed(a)n earboxyligtagid gompopenteemptjsingst ieast &egnole%, or

T desi r eadt gt SRME BF afleabt So ik Gope IERaneS br
relative t @ertebmhé@@aaal é&/mﬁtw@@wmbhmam@laémpmﬂwnéne-
used. The pol yester &o by the reaction wll,

however , éhéligarpoxy Q@lét é@”\éﬁ’fty@ﬁtoi ngphialena-2 &- dlcarboxyhc

dicarboxyl a
resi dues. 'd ét’i&')@@s%soh 8feer epﬁﬁ?g{&f %lré(&ghallc acid or
napht hal andedva:tas bbiareplisthalic dcidi, and ude Cl -

di al kyl ter hthal ates and Cl - C4 djal kyl nap hthal tes
such as d ?p) YPKY CaphRaneNt SORPARNG aPleast 80 moleth. o at

di net hyl na@gspgb %cﬂe%"\@f it [ BlsPob ?ﬁbl%e% Q{%ﬂﬁg QSi%‘?bsu%f etgtgylene

anmount of up % or up
10 nol e% gtycoborthBﬁnmpdamdlolomolp plreifesabiple#]}%ndaglyedl,

on 593 80fh R e hE kRSB SOTBE bios

tri apgq h'%hﬁblefwééht%%e W&#nyleécﬁnﬁbﬁentﬁ%ﬁ%é% }he
present and/ or ded in amobunts”of only up to about 8

11 V\DPQ[}’@WQD@SB‘B&rPCT/ US2006/ 034616 nol e% or up to 4

e ceegpaRinerte Enuiol Sl srRBfertauit e ok o
or hydompwhent dmurtdwmewbpamonldﬂ tﬁ’éi ﬁbryeetaertpélwn@h 8GOl

conmponent, of terephthalic acid, derivatives of
t er epFesiacted ta fieistairthmol Pelsentagesdines Bag yiayuliizes large

deri valiN&SofFhe hydroxyl component if desired, e.g. on the order of up to
200 mole% relative to the 100 mole% of carboxylic acid combonent
used. The polyester polymer made by the reaction will, however,
contain the stated amounts of aromatic dicarboxylic acid residues and

ethylene glycol residues.

Derivatives of terephthalic acid and naphthalane dicarboxylic acid
include C4 - C4 dialkylterephthalates and C, - C4 dialkylnaphthalates,
such as dimethylterephthalate and dimethylnaphthalate.

Modifiers can be present in amount of up to 40 mole%, or up to 20
mole%, or up to 10 mole%, or up to 8 mole%, or up to 5 mole %, based
on the 100 mole percent of their respective component, carboxylic acid
or hydroxyl, in the polymer. Mono, tri and higher functional modifiers are

preferably present and/or added in amounts of only up to about 8
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napht hal ene- 2, 6-di carboxylic acid, or mxtures

t hereof, the carboxylic acid conponent(s) of the
w@e@3es25@ol yester may i nclude one or nore adpPlT/U82086/034616

nodi fi er carboxylic acid conpounds. Such additiona

nodi fier carboxylic acid conmpounds include

nono- car boxylic acid conpounds, dicarboxylic acid

conmpounds, and conpounds with a hi gher nunber of

carboxylic acid groups. Exanples i nclude aromatic

di car b [ ) Qﬁﬁ, I

atonspmﬁ¥h %Q?Ptggﬁgg%%%xyll acl thggggg?ﬁésgéoggﬁﬁgoo

4 to hile zpebcmmt af thedr, respecijvd carhpaiert] cardhioxwlidaciddrdiydroxyl,

aci ds $&$ferablg haV|ng 8 to 12 carbon atons. More

speci f S nodi fi er dicarboxylic acids

useful as part of an acid conponent(s) are phthalic

acid, isophthalic acid, naphthal ene-2,6-dicarboxylic

acid, In egldmohéaarchamd mmmebm@/ﬂar@p%ahp acid, derivatives of

| oh t d, di
et d. (SOOI AIE agey GaPGiRlare 8 eaieboRyfts s APt or
azel aingphft@iche-2 gbcﬁ@aﬁboaylﬁ@aman@# inb&uresitBeratdf! the carboxylic
|sophthaI|c acid, napht hal ene- 2, 6- dlcarboxyllc aci d,

and cyeidoremmencnt(a) ofi tharmsessntinolyester rpay ing mpne or more
ggﬁ gggngnﬁf ﬁmgﬁlgp lcgrtﬁ&& %eso;sé&ﬂper @@é Sty %,{lgr?al modifier

chl or icdesoxglic Iahd&@n&;mtdﬁlsl lﬁclUdelmmi&ﬁcalfbm(Wc atlelr(mmpounds
"carboxylic aci

compodRATb B R ePEERIS. 27d GEMSBIASR BifigheR GEper of
nunbereo Aoy Q&ﬁy%bgﬂs aEan%‘ie%‘iHéluH@ e{FBdet% (ﬁ&ﬁ’boxyhc acids

poI yester nonocar boxyl 1 ¢ aci
term rpmferaibly hawagtﬂ tbl Bhcarboa d‘ngmhsoaiyphaimrrdwmzbnuyhc acids

| th hyd t
ST o G v
NDNO- Qlefis rﬂéﬂirébl cPfav ¥Adga 2R, WeYe SPHERRY extimples of
hydr oxyl 12 WO 2 07/ 035256 PCT/ USZOOG/ 034616  groups.

Exanplneadiigr diearbbkyic #gids uggiul @srmastiatian iasid ecareponent(s) are

o oms PHEAG A ol D& G PR B S

20 carcheiohaxes1 AMicarsdi@iic bid, ae@dvécemcdmilmbﬁenyl-
i ncl ude dlethylene gl ycol; triet ylene ycol ; 1,4-
4.4'-dicarboxylic acid, succinic acid, glutaric acid, adlplc acid, azelaic

acid, sebacic acid, and the like, with isophthalic acid, naphthalene-2,6-
dicarboxylic acid, and cyclohexane-1 ,4—dicarboxylic acid being most
preferable. It should be understood that use of the corresponding acid
anhydrides, esters, and acid chlorides of these acids is included in the
term "carboxylic acid". It is also possible for tricarboxyl compound
branching agents and compounds with a higher number of carboxylic
acid groups to modify the polyester, along with monocarboxylic acid

chain terminators.

In addition to a hydroxyl component comprising ethylene glycol, the
" hydroxyl component of the present polyester may include additional

modifier mono-ols, diols, or compounds with a higher number of hydroxyl
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cycl ohexanedi net hanol ; propane- |, 3-diol;
but ane-1, 4-di ol ; pentane-1,5- diol; hexane-1,6-diol;

w@200enssespent anedi ol - (2, 4); 2-nmet hyl pent anedi PCF/US2006/034616

(1,4); 2,2,4-trinethyl pentane-diol-(1,3); 2,5- ethyl
hexanediol -(1,3); 2,2- diethyl propane-diol-(1, 3);
hexanedi ol - (1, 3); 1,4-di-(hydroxyethoxy)- benzene;
2, 2-bi s- (4- hydroxycycl ohexyl ) - propane; 2, 4-

di hydroxy-1,1, 3, 3- tetranethyl-cycl o butane;

2,2-b
2 2 DhmibS: e ks g cuce

nodi f cmlsallphbhc dimi$ peeferablyplaying 6 ta@p garboeyms and/or

Zogt ﬁé@qhqlﬁlgdéﬂgm%nfgn%@pﬁylgg 'gfqogiﬁ tiarbon a om% More specific

cycl opgxapReiorBLBR IS |r%ﬂﬂiéjdi|@iH3/}€rfé’@y@d>l}/fr@thylé"ﬁ@ glycol; 1,4-

pol yest er conposition nay incl | ends
pol yabmom»@nedeneqbanhbpmm&ahafdwl putaperk¢rdiak pentane-1,5-

h
ATE TR T M
E’LﬁL e[ L g}i azt?rgitgﬂéﬂqr % )@ﬁémgﬁé-@iiolfwmﬁ% 6t emwsm@nbdlol (1,3); 2,2-
e polye
}or ef edighy pmJ)am digb(h3) ohe@%eld)é&ii %58010 4v§¥ ?gﬁraxy%t[noxy)-
east d
the. hetate: g2 B AREroRi ek RN ofcbartd 24, ARIERG.13.3-
fl 'l eEaran&ét]?ylgwmlcﬁbutam‘@%(&hy@axya&mbmphefnyd))?pmpane and
modi fiers, or
d| scoﬁtz h'ﬁdﬁsh}’ﬁﬁ@é\@fogq)fypf@ﬁﬂb i’g&{ﬂ%@f er ré qfﬁfﬂer?s[]ﬂjle
pol yﬁ%ﬁ@t[as%gh}ﬂﬁﬁér I‘HQ %fe ébﬁlaﬁ‘ﬁéfuéh' ¢dribnomebeas |

or i iers o er polynmers which forma
di scoisoiphtalis agithL6- naphtbmalarmdlummwaﬁhc acithdl 4-

corrp03|t|on cont ai ps Ss t Ovvto/ or less than

40 wt Gyclghex st Cgﬁg"%éffenﬁegi Yhan 10 wt.% or
less than 5 w.% or no post-consuner recycled

pol yester polynmer ("PCR') present in the conp03|t| on,

based The pdmeestencmmw@mfgm may include bignsst@imalvalipiene

In 13 V\D 07/0352 06

o R B2 S0 BT B AR ety

of grueahﬁfplédmagadﬁﬁ@rMhm p@ly@é)rbmhafé)(m)armpolyémdes It
wt.% or u or up to 10 wt. Tdbase d on the .

t ot al |s,\pre@¢fred)tha§|tme pgly%t@( @prrmsmqgrs@o comprise a majority of

the polyester polymers, more preferably in an amount of at least 80
wt.%, or at least 95 wt.%, and most preferably 100 wt.%, based on the
weight of all thermoplastic polymers (excluding fillers, inorganic
compéunds or particles, fibers, impact modifiers, or other polymers
which may form a discontinuous phase). It is also preferred that the
polyester polymers do not contain any filler, fibers, or impact modifiers or

other polymers which form a discontinuous phase.

In one embodiment, the composition contains less than 60 wt%, or less
than 40 wt%, or less than 20 wt.%, or less than 10 wt.%, or less than 5
wt.%, or no post-consumer recycled polyester polymer ("PCR") present

in the composition, based on the total weight of all polyester polymers. In
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The pol yester conposition of the invention also
contains an alum num residue. An alum numresidue is
W0 b@708i26d y remai ning in a polynmer nmelt upon BCOUS$10061034616

of alum numatons to the nelt phase process for making

t he pol yester polyner, and the oxidation state,

nor phol ogi cal state, structural state, or chem cal

state of the al um num conpound as added or of the
residue present in the conposition is not limted. The

al um BYBhetr @RIHHEMERY tﬁ@cbr‘ﬂp@sﬁn@ﬁ 'Ebhﬂﬁr‘ig PEH intén BRfdunt of

al um num conpound as added the nelt phase
r eact igeegtebihantzgpd @aﬂlqu 60 \Atir.%adJltlm 46 made, ohiep to 20 wi%,

ool veahABRaAPIBo: hgoed R e it oot A b hieP ppivmers.

"alum nunt’ is neant the presence of alumnumin the
pol yester pol ymer detected through any suitable
anal ytlihegolyasterriaqueosiiemetihedavasitionalse gpatainsoan slumigum

or csoredol” ARyl ARIGER F M EmtiDgif a polimer met

pl as mapefaddrionafizhahmiuns aRehs tsihepyiel phRs&pBcessToemaking
concentratlon of alumnumis reported as the parts per

mi | | i e Belyestet aplymefnan%ﬁsaa@méa 'théf%.rgmp ogiga! state,
pol y”%fructﬁpriﬂ Ea%n% E‘I’?élﬂ’cal thﬁaS rﬁﬁ{dﬁn ﬁﬁﬂﬂoﬁ#nﬁ%@édded

oxi dat’1 on ate
phase opobﬁm&s(dubq)mfeemtad tlmé com@dsltlonms not lirbiéédhg The aluminum

limted . and includi ng addi ng the aIu num conpound
Lhe o ERifUR matBe fumforat dentoahds theAaani saaec et Sdded
feedi pgtHOmBIL fﬁﬁb&e r@é‘ét \;\Eiﬁgﬁﬁlcaﬂ? will Bs%n@%wg.ﬁbé 9

vessel s) as onpound Includes a salt or a
conpl emlnum wlaxpamdain qncelﬂral’mg theanate of ipolydonidensatign. By

o1 t hotfesfhe Bl el e GG & Fi6onf Rl Presapge of
or al lsalrhiRBnEiArthe p%%ﬁe%ker%id?ﬁﬁepﬁete@%ﬁﬁ%@ any thébl@

oxi des are not included within the neanin

al um aoglydeatdechiiqee regardlesp of e exidatign a\%ée pﬁb’aﬂ alrainum.
"7 D SRal D AR KRR RSB B2ARMIneh kP

desir a’aimtw@tyz:ehp@d plamaldpmcawmiselmmmmbcopy ¢ar-OES).

di ssolved in a diluent or a carrier
The concentration of aluminum is reported as the parts per million of
metal atoms based on the weight of the polymer. The term "metal” does

not imply a particular oxidation state.

Aluminum may be added to the melt phase process (the method of
addition not being limited and including adding the aluminum compound
to the catalyst mix tank of the melt phase process and feeding to a melt
phase vessel or pipes connecting vessels) as a compound (which
includes a salt or a complex), or as a metal provided that it is ultimately
active as a catalyst in the polycondensation bhase either alone orin
combination with the alkali metal or alkaline earth metal atoms or
compounds. Aluminum oxides are not included within the meaning of

an aluminum compound or metal because they are insoluble and have
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that is volatile and/or reactive with the pol yester
formng ingredients. Suitable liquid reactive

W@ 200708286 can have any nol ecul ar wei ght, such BST/US1006@34616
rangi ng from 62 to about 10,000 grans per nole.
Al um num conpounds can al so be added as slurries or
suspensions in a liquid that is volatile and/or
reactive with the polyester form ng ingredients.
Al um num can al so be added to the nelt phase process

by el i (BRI HE R FREURSI W tddasirable to select
pol yegﬁtlgg’ffpo yén]%?ly?lg a slmabl g%ey;?ruder or ot her. oY

devi cantajuminum aovpovedwhichecamhe disasdvwailiora dijuent or a carrier

N e e

addi t igufitaple IRfuiTF VS eaRRYE 85N ihavadghytrhercliRr dveight, such as
catal yst m x tank, h is part of the polyester

t
ohase Ihascsginadim fifderabot IPA0RURMS PEr Akl HLmipiR

t ank ' n ' . . .
s EhRgiARh Ba8 g Sl hes SOTIOUNLIGN g ha
a sui jspdlgtiecindggreaEliveywith theypylyektdr Sorming digrediamts.
solvent. The starting catalyst copponents

2l umi RS amalsare added Icine MR ANase pRARARICYLMeliblending
| kal i : i .
o o nii¥ affibi Ebo i abdiiedter Golihel it ATBRAR exiruder

t o af beotherdievivel totfoon ai cunceatrate, agdisubsequently, preferably
tenperatyres includ 10 to 140 C, or 115 0,135 C

for ofeltied fs ow&n?féile%ﬁimwdb?%empgéem{ APaTPRcess. A
col or gréf%h‘éﬁ%@d’%bﬂa&d]ﬁoﬁ Bt HiuhRURI cIPSUHA isfadeiidN to a
bodi es are a problem The nitrogen purge rate should
be sufchtalysimoixtank, evhicte isvearbof thespalyester melitphase procass

col or bodies uch fromOD.5.to cf .

sct m Ry bt PR e PaPyAL bt deri 25 Bptahad Snikal metal
hel pf gorigbukaeR dnhakaiMeiéartncompblng oF alkafitcokdfour®l d8ell as
Cwth a nitrogen purge. The contents of the catal yst

mx  eesiktanig saventy BHBIene ahicelds 8 rrafairsrsolvertd Tharftarting

e o Rt ey AR kP a4 BB S

pr oc egdmpbund@r 2P0k Al EedrtPRBIAISLINEG IIR16 1SN alalirdompound

%8 o %rllg ?'leg’zedt a?tea ’ée%/genrta’ltu?g a?l[:iefog 3;1 %ln%gd n% %lf lti%eat%t altf)r[eedt
dissolution initially. Suitable temperatures include 110 to 140 °C, or 115
to 135 °C, for one to four hours. A nitrogen purge can minimize color
formation in the solution or mixture if color bodies are a ‘problem. The
nitrogen purge rate should be sufficient to remove volatiles that react to
form color bodies, such as from 0.5 to 3 scfm, or 1 to 2 scfm. To
maintain or improve solubility, it is helpful to keep the solution or mixture
at 115 to 135 °C with a nitrogen purge. The contents of the catalyst mix
tank may be transferred to a catalyst feed tank, which may be utilized to
introduce the solution or mixture into the polyester melt phase

manufacturing process.
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determne, if desired, whether an al um num conpound is
catalytically active by neasuring whether or not the
woemcosame rate is increased or the 1t.V. is |iPCrEsS™eE034616
by at least 0.1 dL/g if measured froma starting point
of 0.2 to 0.4 dL/g and after 1 hour at 280C and 0.8
mm Hg with adequate agitation or after 1 hour at any
desired set of operating conditions, and using the
concentration desired for actual operations.
Pr ef enaihihunt B&np@bh’(ﬂ% BERGRTE IS RN QRS Yl adiR¥ETo
sufficient catalytic activity such that the’reaction
rate |d§terﬁnmeaafsdzefur@|d whethar an allginuroresaspaungyis gatalytically

o 5t Boprabiieeuba PR i 8 GoBbin 9947 Riegra or the
w th gdeqgy @Hcﬁeé’@d B bPRa8f 0 aldeG’Q iflmbBasiiredtfra ¥ starting point of
desired set of operat|ng condi tions, using

r

t he
conce®2 ta 9. 4rllde and &dter drhousat 280° @@é\dzﬁ B(BTN@ Hg withgadequate
pref er ﬁggt (IWS{:% eﬂtf‘hglﬁ &t%g%é’ nIe\(i s%rt oEI1 g}eﬁfﬁg't%ondltlons and

COﬂ"pOU S cke resence O

cat al yising thempnaaﬁtt@tudmdé@red&edacﬂmaaopamuonswel?r@tfer@w, the
but in the absence of other catalytjcally acti
conpo@htBINiA eamppynd ghesasewillhaye W@‘F'@Ptr‘éﬁalﬂ% ﬁPH‘GTfM such

conpouwndsné ?&é(ﬁgﬁ ?{ljéé%‘tlﬂé’rﬁa%@??gf{@ﬁ Wid fﬁc?&%asédﬁ@ﬁét least 0.2

one organic su I Ve ‘exa
sui t alLéy, ifonepsurad $rann el staring hpméret aff0.2 Ike0f4odlrfgl alter Al hour at

OR @) [ R. R, R
| don2Baceng 08 ik Wit ssabafs A0 G et hgr ety
or hy @bﬁi@@dﬂ seﬂ't’ﬁedh;ﬁrﬁt" i Eérﬂmldnsahsﬁr%aﬁfe ehirafion B'eSI%d for
and "'I's not dr ogen, " I's an anionic group, and
a, b, actuaboae@tlonaldpamr@mrr@d that eatabgia adtivily pﬁa&mngm

Sui  abpuraRa S Gelin e ot S R drtaiven,c

car boxghipenafisto belided Pf acibABpRatiGHs hudh fbWHsenBe of other
acetate, alum num benzoate, 16 WO 2007/ 035256

PCT/ Usatrtdicalinagtive eomippunss whishawidl naiberisedm | aur at e,

al um num stearate, alum num al cohol ates such as

al um num et hyl ate, al um num i sopropyl ate, al um num

tri  nPeefeyreataumidunricompounts treolddd alumiatie, compoursdcwith at

least one organic substituent. lllustrative examples of suitable

compounds include those of the formula:

A[OR[ORT[OR"[R"]4

wherein R, R', R" are independently an alkyl group, aryl group, acyl
group or hydrogen, where preferably at least one of R, R' R" and R" is
not hydrogen, R™ is an anionic group, and a, b, ¢, d are independently 0

or positive integers, and a+b+c+d is equal to 3 or no greater than 3.

Suitable examples of aluminum compounds include the carboxylic acid

salts of aluminum such as aluminum acetate, aluminum benzoate,
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but oxyal umi num di i sopropyl ate, and al um num chel at es
in which the alkoxy group of an al um num al cohol ate

w0 goopass@l |y or wholly substituted by a chel BET/I§R006/034616
agents such as an al kyl acetoacetate or acetyl acetone
such as ethyl acetoacetate al um num dii sopropyl ate,
alumnumtris(ethyl acetoacetate), alkyl acetoacetate
al um num di i sopropyl ate, alum num nonoacetyl acetate
bi s(et hyl acetoacetate), alumnumtris(acetyl

acet atzf)mindht FEcits) AGHInUrA iR umnLe) SteapsteaBRIMENUM
t he al um num conpounds are the basi c car boxylic acid

sal t s alfohglaies such asaluminbimethylate.cuminws isapgepyate,

and oAl fdlhide. Shuplf RS ARVERE, HBICARE"

used Cb@tb)@@ltﬁhmtlﬁfdltsbﬁ cgjym@t ahe armnmbuﬂct@e«atesqnwmmme
or the npnoacetate ydar oxX conpound or a m xt

t her e@#KoXygrpup of amaarmmgatak::oaolatﬁ isupArtialbt %rt\@hfalhﬂsubsﬂtuted
aum iy g@ag i hfEnts 38n RIS PAAGL ARSI GABAEESone

al’'um num ace

Zlay | BUsh . etnyamemetme raﬁﬂamém usscqxg?pyiate , Bluminum trls(ethyl
um num i So rop e I's nost esl| rabpl. e
21 i ReHHoRCRTAIe), BkihaGeloRet Bl sl BUMASRRB VB oAU UM

Prefern r's I
reasor?iﬁ%%?’%"‘i\@ SEUL EopRcepuer SNERIRRTER(R ST,
pol yescetatd), rmuumurbacetymmt@rmlatand still return the

cost of capital. Mire preferred, a reasonable rate is
that achieved with 250 ppm Sb or faster. The anpunt

of al beé#f@d’é\ﬂéﬁg‘thé Qlunilhﬁm%rﬁﬁéﬁrﬁrs el the®asic carboxyllc acid
generally ranges fromat |east 3 ppm or at |east

ppm @ﬂltapf abm;nugl gphalusringm adlechalates, Bgarp C@rb@;@yhc acid salts

Ieast

e AR BT heRbe riaRtnaddaRl Modlc BmbBARds Sthehiic
up to aﬁhﬂlﬂun? Bcétafs usdd gén be eitbetthebdiapsmtdmdpadgdroxy

t he ight of the polyner.. I|ncreasing the alkalj or

al kal mawr@amdrprﬁb@ monagcetatedipeiomoosypgund or a mixture
PCT/ U%%&%@f qaébggt&g;leﬁ’lt ﬁgéle;é'q ’ umW@%a?e% Qélluphmum isoproxide

i ncreases ererore

gi ve are pesienalblaumimiuen votmpoond=rStabilizimgnbagic MuAhlnum acetate
whi | o .
e with boric acid may in some instances increases its solubility. Aluminum

isopropoxide is most desirable.

An amount of aluminum atoms is added to effect polycondensation.
Preferred amounts are effective to polycondense at a reasonable rate. A
reasonable rate is one at which a polyester line can be operated and still
return the cost of capital. More preferred, a reasonable rate is that
achieved with 250 ppm Sb or faster. The amount of aluminum present in
the polyester polymer generally ranges from at least 3 ppm, or at least 5
ppm, or at least 8 ppm, or at least 10 ppm, or at least 15 ppm, or at least
20 ppm, or at least 30 ppm, and up to about 150 ppm, or up to about
100 ppm, or up to about 75 ppm, or up to about 60 ppm Al based on the

weight of the polymer.. Increasing the alkali or alkaline earth metal to
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giving slowrates at low MAl nole ratio. At high
catal yst | oadings, solubility of the catalysts in the

w@ioye3266 nmay be a concern. Late addition of PEI/US2006/034616

phosphorus conpound does reduce the haze level. In
applications where clarity is inportant, high |oadings
of catalysts are avoided. The preferred range of
alumnumis from5 ppmto 60 ppm Oher suitable
amounts include from7, or from10 ppmand up to 60

pPPM  ciurdipubPmbit [ (M Vibckeases the TateAtheréfora Ikdd Al
metal residue or an alkaline earth metal residue is

t he all®adings wmayivas seasasabla redewit readeratenda highdviohs while
presens, i . . in any formor

oxi da |Véljr"fj]%IE)tfﬂljtareal?@al é{ﬁ%ﬁgf'ﬁla JI)<IélrFlg{'%'on'pound i s used,

then the residual renalnder of the al kal i conpound

h h he fi ed
Dol yrmat R gty Gacis) poluRIyaet B cailyats ofne polyester may
ul ti mpeg, @&Yc@rﬁiate%ﬂﬂfbﬂ'&@ ;?I‘?cl: ph?r)?]uéje&ldgehnﬁi Abes reduce the
I'm ecﬁ e wor ar kari

chem cal states are not
met al 'haze |eval. Nalappécaﬂmrlshmmfe&iléritws Innmdirédrit, highdbadiags of
in oxi dat.i

t he ato nits el al ate or
st at o coBTR Al ARG e PETa e ROl RAES it fom & ppm to
Per i ogp 0 Te G t I
addi £ o Ser siable AbGRs IRHAUE, fom 7 ArHIE 10 giRGnd up
as a He6@IPpoL@sLPa, 4%W@Hn©rnmm30(ppumﬁiound or as a
conmpound wi thout a netal. Likew se, the chem cal state
of the alkaline wearth netal conpound or al kali netal

conponcalkgimetl dbsid 08 o an RMKalink! darireshetal hesiglik & the alkali
metals and al kaline earth netals include the netals in

G oup MataA HamsaraliRlinesash metal géoms presanitin the polyester

' ncl u?bpa r?glﬁé)ra(@? ?rjgt)ﬁb Bﬁgaﬁcﬂ%Hate if ?ll'l(ag%ﬂ &oﬁi% é&% i yised,

: cI ari therethe residual riemeaiyderafhre ralkdhlcdnmdmﬁi pr@%@ﬁt‘c‘v‘vﬁﬁﬂ the

||o]: e? glpg awermpgt %{E‘g] %yﬁ&f&%@a g?tg:‘le? hghqg oydation states or
20 SRR TR CARISHEIR e RSl o o
count Bmitetks Themworg "atkiatimetbE qor"elkaline dadhesetal"er "metal”

hydr of(n'c Uides the atom in its elemental state or in an oxidation state
corresponding to its allowable valences in its Periodic group. The
chemical state of the alkali upon addition is also not limited. The alkali
may be added as a metal compound, organometallic compound, or as a
compound without a metal. Likewise, the chemical state of the alkaline
earth metal compound or alkali metal compound upon addition is not

limited.

The alkali metals and alkaline earth metals include the metals in Group
IA and Group 1A or the periodic table, including but not limited to Li, Na,
K, Rb, Cs, Mg, Ca, Sr, and preferably Li, Na or K. If rapid rates and
clarity are the primary concern, Li is most preferred. If color is the

primary concern, Na is most preferred. The metals may be added to the
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carbonates, and carboxylic acids. OQher suitable
al kali conpounds are those nentioned in USP 6, 156, 867,

w0 b@7dsxed osure of which is fully incorporat edP¢BEUS1006/034616
by reference. They include the tertiary am ne
conmpounds and the quartenary amoni um conpounds. The
particul ar am ne conpounds sel ected are desirably
t hose which do not inpart nore yell ow color to the
polymer. . The ratio of the noles of alkali netal or

mol es @bl phkad bQ%@c@Iéd?nl\P&Srﬂi NFthICHTPIcﬁﬁi&fa 8brhBlex 6r0a salt)

the nol es of al um num ( generally ranges from
at | edwaving gourderiens, lagaang Whizh the iprefernedastesars hydroxides,

| east at ast Sy at least 2, and up to
about C%éggrﬂﬁatg ,ar%%qfﬁo%m S(o about 25, up to about
20, up to about 15, up to about 10, or up to about 8,

or up t about 6, or up to about 5. To determne the
parti ther seitahle elkalicomnaunds age ithosemesiieasd in 0sp 6,156,867,

ol or ibacid of ARER & Ruly e dRSEH KeEBRI IR BRGe. They
the f |mﬂhd@dﬁe/rmmary\éhmnetcbmmiulmmsmthe\@larﬂeﬁaqu&ém&shlum
yester based on the wei ght of

10 and 60 m|n the

t he p&%@%‘? Sp I C‘i' %amrm CQRPALRTS a@aytedr%rﬁgi@sslrably
from

al um ﬁﬂ?ns%eveh%%g%tgesﬁ%bp%x}elm ?%'Q’I easl\g%{‘% lgﬁlﬁ) ppm

the MAI MR may range from greater than 6:1 up to

75: 1, [ ] f M i th | um I I

< v gt Mol ikl me simess baGUe cerg metal or
M Al Nﬁol@@bfah@l:@étﬁémo?és (fJFéImn%LﬂmJ(IVFRIN/I @eheaem ranges

0.5:1, especially when Mis Li. Hgh cataly
may Iﬁfszmtattela@t 8dl, abit leagt @25t heatlenat §.5t or ahlealateo 75 or at

the naot L PLpElse8C ol B iRt e o SBifut 86 about 25,

advantiggeatsout 26 Up € abo @, IPIBCHBBRAY 006r up B¢ about 8, or up to
invention lies in that the l'ate addition of a

deact iabub P, Pl trabeuid. 180 deteroire tmspargcular amount and molar
PCT/ U$§9(9 @ﬁ[ﬂ)ioﬁ%#jg anﬂéﬁré’ugﬁ I% tae%‘ﬁntoatﬁe IEI gI?%& %é%t?é?\t rate, color,

| oadi ngs. S now

pol yesdarity aadpo’s geheraition nitei e)armgtamhmhb cﬁhaBp@Iym@& and
a netal content of at |east 35 ppm at |east 45 ppm
at |east 60 ppm or at

When the aluminum level is between 10 and 60 ppm in the polyester
based on the weight of the polyester polymer, the M:Al MR desirably
ranges from 0.5:1 to 6:1, or from 1:1 to 5:1. When the aluminum level
ranges from 3 ppm to less than 10 ppm, the M:Al MR may range from
greater than 6:1 up to 75:1, especially if M is Li. When the aluminum
level is high between greater than 60 ppm to 100 ppm, the M:Al MR may
be as low as from 0.1:1 to less than 0.5:1, especially when M is Li.

High catalyst loadings may impact the solubility of the catalysts in the
molten polyester polymer, which in turn may increase the haze level of
the polymer. However, an advantageous feature of one embodiment of

the invention lies in that the late addition of a deactivator reduces the
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| east 70 ppm or at |east 80 ppm or at |east 90 ppm
based on the cunulative weight of alum num alkaline
we@anvk3szed al s and al kali netals, based on theP@EUSW6/034616

of the polyester polyner. The amount of phosphorus is
desirably at a ratio of noles phosphorus to total

noles of all catalytically active netals (P: M M)

within a range of 0.25:1 to 3:1, where the total

nol es of all catalytically active netals enployed is

the ;}’évél RGerak ﬁ@wgéatﬁgf‘l‘ggﬁg s ]t "TZ‘e'i@‘b%s tﬁére% ereh

met al s any, and ine earth
met al $)rovuﬂedia)polyas(dertdwnmﬁit5&m obntaimngphesphorus atoms, and a

"2 Rkl Ao G B b L DB i o

10 1. padst 7Ey;ﬂirﬁaér étn@égtt% sm &h&saagtrwpgrhoaaséw bh the
at | east ppm or at | east Ipm or at |east 100
i}

ppm mmmaimetweughhafz@uvmumsalba eheawh petgiseans alkali metals,

eas, 53835 g \GRAIEIE BPRERPOMYEr TEE B
or | e%osﬁﬁ@ru%@é absvgoly ERETETTON] ﬂfolésaglﬁod@mohh@td it moles of

addition of a phosphorus conmpound is as |arge as _40%

oL noed catalytimally active metals P Mcb%bwfrhm@ram caW 48 te 3:1,
t
e . R b e RIS o ot RERG BRALY SrotpEimtEl s the

canI beunniaa&ermdlesmral?dMumdm hlédef ﬁikiah nm1alse|f anypgnd the
anal ytica ni ques for. detecting.the in the
fini sHeyeper ?ﬁ‘@f’”%?aﬁhﬂ"@?§ if Yy ﬁﬂaé HQ? %‘?}y other
met hogs,dy ca‘ilg @ﬁ%&l ﬁhe@%d’l%ﬁ%ﬁ?ﬂ?@r;ﬁbh@ il n'ﬁ(eade%lrably

or alka art msta include In vel y coupl ed
pl asmat e M MR withinsa cangﬁcmfcﬁ buistooh$:1(. W@PFCGESI)Y]OUWB o‘é

X- fl XRF
det oo PTBRBREUR IO SRt IS PO o eleReral] £y fr at foast
sone JlgodhpmMaha!sbiutidn hasze'\%luéélbf ke ﬁon@'l%té?c%gW@atalyst

alum numat |ower levels, |ike those found in
pol yedoagdingshan bessdewtasd0 ntu of leas, e Zaniuner leas.tar 15 ntu or

) 0 0 S AR g 4 B
pol ymesF a phbspRoRR0Td B ARbisRisTIaks2 89 ab98 46 kre, Tdn€50% or more,

al um num and al kali or al kaline earth netals may
added aa$086 or more, relative to the same po|ymer made without phosphorus

The weight of aluminum and alkaline earth metal or alkali metal can be
measured upon addition to the melt phase or by analytical techniques for
detecting the amount in the finished polymer or article. Suitable
detection methods for the presence of aluminum and alkali metals or
alkaline earth metals include inductively coupled plasma optical

emission spectroscopy (ICP-OES). While X-ray fluorescence
spectroscopy (XRF) is a suitable detection method for some alkaline
earth metals and some alkali metals, it is not suitable for detecting
aluminum at lower levels, like those found in polyester. The
concentration of an alkaline earth metal or an alkali metal is reported as

the parts per million of metal atoms based on the weight of the polymer.
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solution, fine dispersion, a paste, a slurry, or neat.
They are preferably added as a liquid, a nelt, or a

wo e@a/083266M Ng sol i d which can be netered. NMbSPCT/US2006/034616
preferably they are added as a liquid, and in
particular as a liquid solution or dispersion. The
reacti on product of the al um num conpound and the
al kali netal conpound or al kaline earth netal
conmpound or al kali conpound from the catalyst feed
tank is desirably added to the begi nning of
pol ycondensation (e.g. upon conpletion of at |east 90%
of esildei dlumirtiino and atkali arralkelineesdrih setadd meye edded as a
pol ycondensa reactions. .To avoid

s SPAR): traishEa eniesitr s el arE et B e pspferably

and Walged %rherq:l}l&da el Bea dekaTowihg 3bii@ WhidNearbe Fhetered.
may inhibit or 'deactivate the al um num cat al yst and

t her eb&oﬁlp@e\fecammthelyeareao@edfas abigyidoane irspaitisnlar ias g kquid
desira not her enbodi nment to add the

al um ﬁgbﬁ%g %’fﬁ?& St er substanti al conpl etion of the
esterifi catl on reaction or at the begi nning of or

during polycondensation. Ina further enbodi nment
| east TMsupaptiomprodeskef themlursinugt co@@@tmémidhe@@“ metal

est et I} £20 A LARKHL By Mofsf LERRBLNE A LK @ipdihd from

conduc’ sence o um num co
It istiesatabst feddotanklds tésiraldy addedito thenfpegimningod t he

al kali petal or al kal ine earth netal

near PRECEARBNSAION(ESH “BSPﬁPmH'%t'Q%OB%?Qg‘e‘%W é’gleégetrkf'cat'on
prem )6er{ k0 FHl ?‘EPF}HBR&%%@H reBigHskal |

netal or a |ne ear oun eina

catal yst m x tank prlor to addltlon to the nelt

Cat a1 Joris BpEniAShndeN bl S rdocioBe HBRuERB pRiminLA Catalyst
ex: a”’D'aﬁd vl)@ter §Bneraftld) lncfﬁe eEtenf@Bﬁo@oﬁéhﬂlﬁﬁﬁ%ymlbh%r

used in conjunction wth alum num and al kaliné earth

net al sleactivate dhe albminuyscatalyst aicitenely stowedgyen fhestaie of

21 WO 2007/ 6 P 3

2L OB AR B AR B I R Bl T B e

r eact igiiminsihNéEmpoGedy &ftérofiistartiab compiationess thd ebtifidation

catal ysts can be used,
reaction or at the beginning of or during polycondensation. In a further
embodiment, at least 75%, or at least 85%, or at least 95% of the
esterification reaction (in terms of conversion) is conducted in the
absence of added aluminum compounds. It is desirable to add the
aluminum compound and the alkali metal or alkaline earth metal
compound at or near the same addition point. It is most desirable to
premix and heat the aluminum compound and the alkali metal or alkaline
earth metal compound, like in a catalyst mix tank, prior to addition to the

melt phase manufacturing line for polyester polymers.

Other catalyst metals may be present if desired. For example, Mn, Zn,
Sb, Co, Ti, and Ge catalysts rhay be used in conjunction with aluminum

and alkaline earth metals or alkali catalysts. Preferably, the polyester
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particularly if nelt phase manufacture involves ester
exchange reactions. The titanium catal ysts are those

wewposi2ee added in  anmpunts which i ncrease t hBCT/USM06/034616

of polyester nelt by at least 0.3 dL/g, if not
deacti vated, under the operating conditions used to
meke the polyester polyner Typically, the titanium
cat al yst added during ester exchange will be
deactivated prior to polycondensing the resulting

ol i gO'B%ﬂdyrﬂéP(i%Ll'ﬁé‘déM’tﬁ@ut thb&idditibH et toeh@ hfelt phase reaction
pol ycondensing, the titaniumcatalyst will severely

di scolsiicet weaptﬂ tpners argepreteriads Titemmraaawvaty captheHsed,

|nclude .sid e

quant Eray i BRHRARE mah B BRinic) e SHES Syttt

pr esenteadfidns. The tml@mﬁﬁtals;y@taﬁmtﬁésé EEMp oS a@@ed he
anmount of titanium catal used, general

fr om ZEpests whieh mﬁrﬁﬁseaégéuvloﬂf polester el yratipst 0.5 dLig, i
|
P o it ABALHVEROY, iR 1 boe g LohitiohS usEito ke the

The qjmmemolwnér mony can range from 20 ppmto 250
ppm [ t he anmount of

Due to AA generation con
ot 1 monpiGaly dhertianim eaabist AgdeqHuinG FSiengRChange il be
based dé%c’él\r/’é'}e 3P0 gél'yﬁgﬁd&@lﬁ( er ghltl 36|| Smer mlxture since,
necessary to | Creas e anount of deac tor
phos pHeit uatreahenlrtmfur@ pdlycmtcwn)stng; thfetlhhmmclataiyst hmih severely

o g5 SeHO TS Rl e

Wi t ho%aét%sa%k/\iévﬁﬁ iCdesifdd, BraGuaABRSs bf a@tiveaﬂ"tbhmﬁ‘y
to the nelt phase reaction. More preferably,

pol yegwatalygie Imasebe psesend evmhn thesatalysteyatam of the tm/eamn The
?nif ! ATt il el e BHERraf R Bk bR to 15

met al gpm, el dietheanéiphpof thieksdlymsi SARtIMOAY Batdlysts can also
measur enent pur poses conpounds are catal ytically

act i veg gsadhigycombigaiiaswith e catabyst sksteat ef e 'Nﬁ%ﬁ*t&&‘s elhe

of 0, ZrHQuB o 2ppirERY el anB ok 2By 1550 b R R An

22 \\O gveratibetafreriis] thisatithid 34 afimony is preferred to be no
greater than 125 ppm, based on the weight of the polymer. It may be
necessary to increase the amount of deactivator or phosphorus
compound if catalytic metals other than aluminum, alkaline earth metals,

or alkali metals are present.

Preferably, the polyester polymer is made without the addition of
titanium, cobalt, or antimony to the melt phase reaction. More preferably,
the polyester polymer is made without the addition of any catalytically
active metal or metal compounds to the melt phase reaction other than
the aluminum/alkali metal or alkaline earth or alkali system (e.g. for
measurement purposes compounds are catalytically active if they
increase the reaction rate or increase the 1t.V. by at least 0.1 dL/g from a
starting point of 0.2 to 0.4 dL/g after 1 hour at 280°C and 0.8 mm Hg
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with agitation). It is to be recogni zed, however, that

one or nore of netals such as cobalt or nanganese
wowdor/osasé |i kely be present at |ow | evel s i nP€TESI086/034616

because they conme as inpurities with the terephthalic

acid conposition made froma netal -catal yzed,

i qui d- phase oxidation process. Metal inpurities

present in the raw material supply to the nelt phase

process are not considered to be netals added to the

mel t %ﬁ‘rsﬁglta%ﬂfeﬁﬁs éa_ Bg rBQé%rﬁEé& é\d%é\bé'imthﬁ%ﬁé’ or more of

contains a catalyst deactiva y a cata

deact |metat$rsuc$| aaemﬂaliaormapgmn&keaﬂmenmt\hketycbaprdseatat low

parti de ctiv nhibit the act,ivit.

Cat ol Jerels oeme Rbcauiia v conia refrp iRyt fhq teiSpnthaiic

parti 1

addi t ;?dg ind/%(?rﬁg&ltglcl)!rs‘gﬁac{eev e ag ?%aﬁ ch%%?ieﬁi“(l)“}}ﬁ ?g%fﬁlsr? gé)?ﬂgtlon

ef f ectproeasss SVetal nm;mm@emresemt i th@raxrematenasunmew the melt

ei t her el both a) the, rate  of Q id-s

et uaPhagRERTaTH e Ak PERTE e sl it 6Bl mett phase

the saigcdael ymer without the deactivator ("no

additive case") and/or b) when added earlier, the rate

of nmelt-phase pol ycondensati on under actual operating

conditions to a constant It.V. target is reduced,

t hat iThe palyesikegolymee atsongortaing @a@ﬂ’talyatedeaqtithor By a catalyst

conet seChYaHa" unadRoonRoHRT RteEi B4 IRERaRy doactvate
Pr ef ergridnibit tHeCa&iRAtRlof He ER@RGE ¥ptem. 3h 88mMpoRALGS 8ffbbve to

rate of AA generation upon nelting particles relative

to t hat lgast aamadlwi@a@wée the caiambyst sheteabwhen bytitsorddition at a
% SRR, BB APEF Burieln AR il Goppltha ot

mor e Ryiwsreleadl, whepaithee bl both Pathkiratesst dutidistgtirnuhdeNactual
of at least 0.72_ .dL/g obtained froma nelt

h
pol yn@nez%ttngﬁpndﬁmseaf%oﬁwr@d rgateito dhe pame &aﬁ%%r withgut the
d | P
ur i nq%egﬁﬁv f@'ﬁé%d@ﬁ?f c%t%E Q/orgbpgvl"féﬂ ad¥dd ul%n; 'r‘%ge rate of

or der € ac cat system
subsequnelxphasd polgcon@mamgnsundps aciunal operating lwenditions to a
catal ys

cony e NSl BBtaat HuiesieShy et is Srdkes Bofime fo reaen the

gglr Yy \ég@géétc l#$hé B\ACHURE BBIVVSE i3 RetiRledCtRInk &t it
relative to the no additive case. Preferably, the catalyst deactivator also
reduces the rate of AA generation upon melting particles relative to the
no additive case to lower the contribution of AA generation on AA levels
in a molded article, such as a preform, relative to a no additive case, and
more preferably upon melting particles having an It.V. of at least 0.72

dL/g obtained from a melt phase polymerization.

The catalyst deactivator is added late during the process manufacturing
the polymer melt in order to limit the activity of catalyst system during
subsequent melt processing steps, in which the catalyst system would
otherwise catalyze the conversion of acetaldehyde precursors present in

the polymer particles to acetaldehyde and/or catalyze the formation of
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WD 2007/ 035256 PCT/ US2006/ 034616 nore AA precursors
and their subsequent conversion to AA Left
waeaorezed, the pol yner woul d have a hi gh acet BdTEk00€034616
generation rate during extrusion or injection
nol di ng, thereby contributing to an increase in the
AA levels in articles made fromthe nelt. The
stabilizer or deactivator can also help thermally
stabilize the polynmer nelt near the end of nelt phase

pol ycandrnAAtgrecureoss shif inedr sudseblibMAcoMversioR &8 MRS, Left
for exarrpl e, duri n%/ melt processing into articles,

wi t holtnttaated the pelymeryeuld havesunigh seetaldehyde generation rate
the pc&t}fﬁﬁ? eﬁﬂ@ldﬁ oH iAj ekﬁgn Pﬁcﬂ@lln Hg?‘%%é%qtﬂﬁ%q%ﬁwn increase

route to formn recur i
nor e AAthé AA lavz@lslm artldeas ﬂnawerfrdm tﬁ@meﬁtowhﬁbtahﬂlzfe%tcﬁ

deact AFACHAREGN BRONAD thameioAgiFe e Y mer affnear the
the poldoEhelt ﬁﬁﬁsé g?@cé dofiBnaind &m@?{éli@é \hich hgceurs,

catal yzed by t ycon ensatl on cata
be | eder examplpy dmmmﬂﬁqmocmln@mtgemmmyathcm Wthh more

' . The
cat al JrcliiRoioys Bsptr b Heeve Hisedlumbnghansin Mhiohly Viscous
addi t i, f r@'télfﬂ fﬂ)‘#mng:ﬁﬁP@Mdﬁre‘ébrs@rg ahH ugﬂ?ﬁéﬂely, more AA. In

corrpounds or al kaline earth netal npoun or “al
conpomﬁ‘i@ﬂlonri@rbwsﬂﬂg thedipemation rate QfMpr&wmmrs angf AA, the

Cat ol et ORpDREROE el bRl e ic SRuinent e
t he r aiobyroér. A@VWM% ia® lbast Paﬁtfémy'cdt edoy &b

however, that not all types or forns of osphor us
conpoLm@b@ona%sai@@&atausfo%teramay betlw.swfaa prafdem winesy the

T, OB ATE Y R e

deact |cawlystgieaomsz’mm§mcaraeldaﬂGeﬂ@}iq@h/ith tid Qaﬂh@httﬁf aluminum
I ni osphor us_conmpoun
cont alATRngS ChalkEl Thsis GaaPa3hds BhalkaieeBrh dactal e
phos phahfduhys of alicii &%ﬁﬁéﬁ&%hﬁépﬂq{é{ﬁ X %l;mg%qﬁmgﬁcement

h
their ester gerl vat1 ves, am né sa acid
phos plmépoblcondﬁr&iahibng)e@am itrvesuld Aahibii mqod:aiatylhorawwty of the

ounds ve at | east XYy f hat
ot oual el AR S Fatte R b oBonaRetos: dk5Gawd be
and Sln@%cﬁhb@)é@@ﬂ' that bt a{llf’@ﬁés BPRrMSBIYRGspRGrus compounds
are deactivators, and if they are not, they may, if desired, be added

along with the catalyst or at the commencement of polycondensation.

Suitable deactivating compounds are preferably phosphorus containing
compounds. The phosphorus compounds contain one or more
phosphorus atoms. Preferred are phosphate triesters, acidic phosphorus
compounds or their ester derivatives, and amine salts of acidic
phosphorus containing compounds. Acidic phosphorus compounds
have at least one oxyacid group, that is, at least one phosphorus atom
double-bonded to oxygen and single-bonded to at least one hydroxyl or
OH group. The number of acidic groups increases as the number of
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OH group. The nunber of acidic groups increases as the

nunber of 24 WD 2007/ 035256 PCT/ US2006/ 034616
whyaro33256 gr oups, bound to the phosphorus at onPCTES2006034616

doubl e- bonded to oxygen, increases. Specific exanples

of phosphorus conpounds i ncl ude phosphoric acid,

pyr ophosphoric acid, phosphorous acid, polyphosphoric

acid, carboxyphosphoni c acids, al kyl phosphoni c aci ds,

phosphonic acid derivatives, and each of their acidic

salts hydnomyt grbiupsebbenc tathe priteibhsAls X108 tHat él'éiutﬂ@ bonded to
aC| d| c_phosphate esters such as phosphate nono-

PENRB®RASRS-aci di ¢ phosphate esters (e.g
phosphate tri- esters) such as trinethyl phosphate,
triethyl phosphate, tributyl phosphate,
tribut oxyet hyl phosphate, tris(2- ethyl hexyl)

pﬂosp Kenesific Q)(alngﬂﬁ%()f phcpﬂp:bmpthsah Cempbun&istr&ilﬁdﬁa pm%mic acid,
en osphate, frito osphat e

Pt DRt dncshbBAT ) PR ERas acky, pebRlpsthonc aci,

phos plm@r’mﬁ@@h@épﬂworﬁd ﬁ@&é‘yélk%ﬁfgcgﬁhméﬁagnﬁ%@sph&nlc acid

tetrai sopropyl % enedi onat &
and trdlef'ééﬁ!\@ssa@fﬂ eph thhﬁm anldlmsmltswrﬂmmdlb)dstme and

?nl ifg:rdgg%@egé’g%@%l% %(g& Flgget h%t'gPeﬁ%lZc as pﬁosphate mono-

d| st eanyild}emta'eraﬂdlmd)ﬁ atidi M&ﬁﬁﬁ'té 8ster éTPé‘ haetn—
hydro LE}HOSphate conpounds, phosphite”conp

cer t a?ﬁt Asciripesh W@Eh@@wﬁﬂﬂhﬂ@hﬂmha’@r érlbutyl

prefe gl I

pol y(([e)tﬁ E)g/%en tFIBg ggtrqyt)ﬁlgs ?’5‘? g, F'%@e eih){ll')\/qaxyl) phosphate,

phos pnbg@nemt-lah@sphate: tri-gttiens) triottypatidsphiags, tﬁphérﬂyl phosphate,
ication of the | ack

I d
Col bl Piasehefi disis) by EBeIcINGR! BhosphatBciefpe i n t he
| | |
deact | 9%?@%”?25}9&3.‘%@?%@‘ it sHoSplBhdte) teiiEidedboy
phos phwt emwmammnm cmonmydbealadﬂedstembﬂptﬁ)std}?@rlc acid

am ne I di,c unds. The

ari ne\éwtﬁge;hﬂ% 9@ I d@ltl%n %}g&cg? qré;gtgglhﬁggﬁ@wepr fixtures of

ol i gogath.cOtr ekampey i'n%lud%@st%@ﬂﬁp&tg b?&lb V\Esﬁl‘ﬁte

as to mnimze haze and/or maxim<ze so

t hesemono- and di-hydrogen phosphate compounds phosphlte compounds,
certain inorganic phosphorus compounds that are preferably soluble in
the polymer melt, poly(ethylene)hydrogen phosphate, and silyl
phosphates. Haze in solutions of particles or in molded parts is one
indication of the lack of solubility or limited solubility of an additive in the

polymer melt. Soluble additives are more likely to deactivate/stabilize the
catalyst system.

Other phosphorus compounds which may be added include the amine
salts of acidic phosphorus compounds. The amines may be cyclic or
acyclic, may be monomeric, oligomeric, or polymeric, and should be
selected so as to minimize haze and/or maximize solubility when these

are issues. The organic constituents of the amine may in principle be
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are issues. The organic constituents of the am ne may

in principle be 25 WD 2007/ 035256 PCT/ US2006/ 034616
wW@eon7088Mi ¢ group. Ammoni a and rel at ed conpouPiBUR10k€034616

amoni um hydroxi de are suitable. Suitable organic

groups on the amne include linear and branched al kyl,

cycl oal kyl, aryl, aral kyl, alkaryl, heteroaryl, etc.

Each of these types of organic groups nmay be

substituted or unsubstituted, i.e. wth hydroxy,

car boxy cipais groupal Amnaorda Iarrkiere@rtewQ@mthﬁdQl‘l@é‘ﬁhﬁnomum

group | so coptain carbonate, keto, ether,
t hi oe?‘ﬁgﬁxﬁ'qaenﬂrg B wel |l as ami de, ester,

sul f oxi de, sul fone epoxy, and the like. This list is
illustrative and not limting. Preferred am nes are
cycl i SuifAbleeerghaivigigups Bnttbe aminatieclede fihegr and branched alkyl,

Const Peagh Sl Shafriste T%S@i.e&”%@chn@fyms@e types of

part ofgamid ar@lfss MlalydeERUDSt red
cyclic %gr ngs@g{e hlynder ed arl'lrr%naeg5 Rgﬁggegf o'%gé/\rqr[hc hydroxy,

gr oup§ar Hbsalkexy, depias and d@(ep@mupsonEhe\d;rgamntngps hﬁay also
ring g.,nitro i al so

ubst PRAEtood 8, [P euflr GRS RoLkaR ipiadeh. i el as amice,
and oester, syifonie, Smf@\@ldﬂf&?/eﬁn@rﬂh@ﬁﬁe ”ﬁBhrélhﬁqs illustrative and
corrprrsea ortion of an oligoneric noiet

pol yn§ Q4lim ety. Another type of preferred am nes are
amno acids. Amino acids with deconposition points at

or above polynerization tenperatures are especially

pr ef ePreferred tamihes remat cyolieraminee Ra@ng N isower7 %erﬁﬁéred fing
reof , includi ag racemi c mxtures, nay ’

used r$ﬁeéa§'éh AEX GIENURREAIRGe aSSoNNTS car Cdng’fntdtma single
o ot st 5 ST LI o B

am no aci ds nay beta or
am no acids may be used. Am no aci ds with sone

solu Lawater are especial |y referred as this

al | o%’leﬁ{}e{?dslfzw é”s”ﬁ%ge%@r? E‘E‘%@é‘ﬁg an}ﬁe HWhirdhlaye, otganie groups

rz gat sr&stlmedl@tﬂtrin‘éogo&ﬁbﬁ@é’dje&&tofcﬂﬂ% GricC ARAYYEES) The ring
nitrogen itself may also be substituted, i.e. by alkyl, aryl, aralkyl, alkaryl,

and other groups. The hindered amines may also comprise a portion of
an oligomeric moiety or polymeric moiety.

Another type of preferred amines are amino acids. Amino acids with
decomposition points at or above polymerization temperatures are
especially preferred. The L-enantiomer, the D-enantiomer or any
mixture thereof, including racemic mixtures, may be used. The amine
group and the carboxylic acid group do not have to be attached to the
same carbon. The amino acids may be alpha, beta or gamma.
Substituted amino acids may be used. Amino acids with some solubility
in water are especially preferred as this allows the synthesis of the salt

to be done in water, that is, without VOC's (volatile organic compounds).
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WD 2007/ 035256 PCT/ US2006/ 034616 Suitabl e am nes
contain at |east one nitrogen capable of salt

wo eoomasizecr wi th a phosphor us-cont ai ni ng aci d. PATUS2006/034616
hi ndered am nes containing N- al kyl ated pi peri di nyl
noi eties, for exanple, salt formation may involve the
pi peridinyl nitrogen, generating species such as (but
not limted to): 0 - Il H3CHOP-OHHIC N CH3 H H3C
CH3 M Wen there is one nitrogen in the am ne
COMPOWRfabRALMARR éHtI3atSRREr ond MrdBfe able of salt formation
phosphorus-containing acid I's used p nol'e of am ne
conpowvitlh. aWresphbeusecantainingoacid. nbr dintdered genminas ccmntaining N-
the amn onpound that .can_formsalts, .t of. nore .
mol es Aated Plesifind mOleS i GEEtls Salh 1KEmalinfdnRy, involve
up to tppEBEMyl Ritro éh,d%eﬂé!?éﬁr‘ib 8pEAES Sucts ak {(Buthsat ifSited to):
no remai ni ng neutrali zabl e nitrogen, or slightly in
excess of this amount. The carboxylic acid group of
the am no acid opens up the possibilify that the
am ne portion of t sal t (m ght beqrepct into the
pol yest er chai n. éas{ipn into the pelyester chain
shoul d result inH;€ss wol at jdHty and Hess
extractability. on Tt Q. the pol yester chgin can
al so be acconplﬁgﬁe if théﬁﬁhine portion ofWSQe sal t
contai ns a hydroxyl a r a carboxyl group. If there
is only | carboxyl or hydroxyl group, the salt could
function as an end-capper. If there are a total of 2
or nore reactive groups (carboxyl or hydroxyl), the
sal t WiedHer@iyBNE nitfogiin ihftfie dififle Yontpural can form a satt,

Reaction into the polyéester chain is al'so possible
t he ploogpmotalof qguhasphaiusgcpdaining asid iheaisedl per Foole of amine

| h [ id t with hyd | . .
compoSmBeHBF aieBb B S M & 1Bors b ABICART,in the amine
pol yegbRipduhd that §dh forRysHIRX ¥i0b it ImeRimaledUsf acid can be used

Phosphoric 27 _ ) .
per mole of amine compound, up to an amount of acid, which creates

salts having no remaining neutralizable nitrogen, or slightly in excess of

this amount.

The carboxylic acid group of the amino acid opens up the possibility that
the amine portion of the salt might be reacted into the polyester chain.
Reaction into the polyester chain should result in less volatility and less
extractability. Reaction into the polyester chain can also be
accomplished if the amine portion of the salt contains a hydroxyl and/or
a carboxyl group. If there is only 1 carboxyl or hydroxyl group, the salt
could function as an end-capper. If there are a total of 2 or more
reactive groups (carboxyl or hydroxyl), the salt may not always be at the
end of the chain. Reaction into the polyester chain is also possible for |
the phosphorus-containing portion of the salt. For example, phosphoric
acid can react with hydroxyl compounds to form phosphate esters. The

chain end of polyesters is often a hydroxyethyl end group. Phosphoric
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WD 2007/ 035256 PCT/ US2006/ 034616 acid can al so react

in the mddle of a polyester chain. The precursor to

wo b@7psasphor us noi ety of the phosphorus salt PEEUR®06/034616
any oxyacid of phosphorus including but not limted to
hypophosphorous acid, phosphorous acid, phosphoric

aci d, polyphosophoric acid, polyphosphorous acids,

pyr ophosphoric acid, phosphinic acids, phosphonic

aci ds P no sters phosphate di esters,

phos pﬁc'ﬁggg %E@g‘? lsnhba pRiyestemshaist er s,
pyrophosphate di esters pyrophosphate triesters, or
salts or compounds whi ch still bear at |east one

aci di ENéPERcsesT, todhe . pHTisphbyer i ont

boundan@) fﬁfﬁfﬁ%&@ﬁ qul? g %wgu gfﬁ;’y ac."ﬁf‘léh%nprgg%glt may be
with Trore il Dhdinekdimited to bmr)phosphorous
nor e aoid,di RSIRNS bs ani c

such I%(iltpﬂgryl aacr%'a k@hééﬁl"%gar ;4&'(5] é& ophorte” acid,
pol VFR[iibé‘ﬁ'OS@ P@Werémdﬁol pesiphiosphorgo neick, eﬁlﬁosp‘l’ﬁmc acids,
Ieastph%g ﬁﬂ:t %88 aci.di,c hydrogen nust renali

however. yaC| gh‘&%f%?usmﬁ’ﬂ??ﬁ B olPhOPfﬁhGée "diesters,
hydr qipespbonatd ndmheestbys L ByrbPRospHat8 @

or e, of thezI II){dro gens substi tut egn égFHPEIOSphate
grou e%%réhp&@ PaPRphatedtigsters, arasialtylor whhgtmmids whieh still bear

Examgj f ncl yde are not
| | mrrt@egé‘?ég)t %‘? yi Losg W %tcds EXF’rBE@@,p‘PP My OH group
aci d&ound dirgicty kqltp@mugmm @@laéﬁjic /sorwln%?&é%% th more than

c roups nmay be sub
er?bggﬁrer&#&e B}ﬁ%%glgp ahh%ﬁ)%@é’r é@pre;ac:dm hlydmgensrsmfstltuted
odth 0
ot TBc Mo s ReIPag AR o Bl ARG hyoeplyether

ni t rg@meﬂﬁh@%&(@t@ﬂweh%newhmws AE 0t ah@%eﬂma&ﬁ%ﬂbd%mduc

are Sé@lgh%sel ect eg@%rom conpounds havi n

f or mu B AT 00 Of GhospBorS Wb one or

Ri OvnBré}iydrogen bound directly to the P=0 group may have one or more
of these hydrogens substituted with organic groups such as alkyl, aryl
aralkyl, alkaryl, etc. Examples of these compounds include but are not
limited to aIkyIphosphonic} acids, alkylphosphinic acids and

dialkylphosphinic acids. As with the amines, the organic groups may be
substituted.

In one embodiment, the salts are prepared by the reaction of one or
more acidic phosphorus-containing compounds with one or more basic
organic compounds containing nitrogen, wherein the phosphorus-

containing compounds are preferably selected from compounds having
the formulas:
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0 1 R OSOH 11 P(2) RL OP-H=RI-O-1 OO R
R O(3) R O-P-OH O 1 R O~P,OOP/O0O (4) i \
W0 2007/036286 O X O O (5) HOPT P-OH O 0 wherei PCRUISBENE034616
R2 are independently selected from hydrogen, C -C22-

al kyl, substituted Cl-C22-al kyl, C3-Cs-cycl oal kyl,
substituted C3-C8- cycloal kyl, heteroaryl, and aryl; n
is 2 to 500; and X is selected from hydrogen and
hydroxy; 29 WD 2007/ 035256 PCT/ US2006/ 034616 and
wherein the basic @rgani c conpounds contai ni ng
nitrogen are pref@grably selected from conpounds
havi ng)t he fe'g—lth—ai?:——BB!

?

0 0.
6) HO-P_ X ,P—OH
O 0

wherein

R and R; are independently selected from hydrogen, C4-Cazz-
alkyl, substituted C4-Cx-alkyl, Cs-Cg-cycloalkyl, substituted C3-Cs-
cycloalkyl, heteroaryl, and aryl,

nis 2 to 500; and

X is selected from hydrogen and hydroxy;
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(~) N R4 R5 RIDRR6 N8 (2) R7T R9 Rll Rlo R6 NRs

(3) R7 R9 ORI1 (4) ""0'" RI12 RL NR2 30 WO
WQB7H825256 PCT/ US2006/ 034616 R3~N R4 (5) R'PCI/BR2006/034616

(6) / CO2R3 N RLRR6 R6 R7 (7) RioNY2L~Y2

NR~o RB RB RO RO RR6 OR6 R7T 7 (8) RTo N Y2 LT Y2

N-Ri o

and wherein the basic organic compounds containing nitrogen are

preferably selected from compounds having the formulas:

Frs
(1) ,N\
R, Rs
'?10
Rg N Rg
(2) R; Rg
Ri1
Ru
Rs N s
(3) R; Ry
O
Ry
~
(4) - l P Rz
R N7 R,
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RS RBRRREROOR66R R7 7 (9) RoNY2Lr Y2
NRO R8 R8 Rs Rs 31 WD 2007/ 035256

WO S2006/ 034616 Rlo (10) R13,L2 N, L2 Rl4 RSFWUS3006/034616
N-—-- L2---- NNRa (11) | | R4 R4 RIO Rio Rs N~ R's
Rs NRs (12) RT RO R7T RO -j~-NNNL1L N J Z | ~YN
RN3RIRORO R NR R NRSE RRO R/ RO (13) L "
N N

(6) _

(7)

(8)

©)
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NLL-JZ NNR3INRM R 10110 Rs NRs Rs N Rs (14)
fNRORI RORI NN-L1L N NR3 N R4 32 WD 2007/ 035256
WO/ US2806/ 034616 R1 R16 (15) /N (CH2) nl' N nECRES20RIE34616
R 10 RI0 R6 NRs R NR8 R7 RO R7 RO (16) +N~ N L1
N NYNY2 RR7 9 RBNR6 Ro RO 110 R6 NRs R6 N

RS R7 RO R7 RO (17) NN L1 N NYN Y2

Ri

(10) Ry, N M
L; Ls

Ry~ /Lz\N/R3
(11) I l
R, R,
'Tm Iﬁw
- Rg N RB RG N Re
R'I')g/\(RQ R? Rg
(12) [N 1
o N L N
LN N 1 1Z
\NF
R; \R4
Tw l?m
Re N R8 RG N RB
Réﬂ/\jRg R%URQ
13
( ) [I{EN\I{] N |..1 N ]Z
u
RTR,
ITm ITm
Re N RF\E: R6 N RB
Rﬂ/\j o Ra/\jR
(14) [ N_ O oY ¢
o Nl Nz
WN9
R{R,
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RR7 s N R8| R6 RoRIORlo R6 NR8 R6 NRs f(NO
R7 R9 RRO (18) NNL1I N NYY2 RR?Z s N R3| R6
WORI®783290 2007/ 035256 PCT/ US2006/ 034616 Rl D RTOURBOMN3L616
Rs R6 NRs Ro RO RO RO (19) N~-N L~ NJZ NYNY2 O
9R7 RN R8~R6 RORS R7T O

R, Fﬁm
N
(15) /N+ (CHp)yN m R
Ris
%10 R[’w

(16) ! N L1 N _,Z
NN
Y
Y,
R97(Nj<R7
R{ |R6
Rio
lT10 10
Rs. N Ra Ren N s
Rﬂ/\jRg R@Rg
N. O 1
(17) %N'ng, N=Li— Nz
Y,
Rg>(‘Nj<R7
R¢ 1 Re
Ry
"210 ',?10
R
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(200 RLONL2 YI L2 C11 1 ORR RO Rs Z 34 W
2007/ 035256 PCT/ US2006/ 034616 wherein R and R2 are
w0 pabepznsent |y sel ected from hydrogen, Cl- C22-PEl/Ky1006/034616
substituted Cl-C22-al kyl, C3-C8-cycl oal kyl,
substituted C3-C8- cycloal kyl, heteroaryl, and aryl;
Each of the follow ng types of organic groups may be
substituted or wunsubstituted, i.e. wth hydroxy,
car boxy, al koxy, halo, and/or Iike groups, and any
conbi nation thereof. Th&,prganic groups may al so
contai n carbonat e, Hstoz @%her ad& t hi oet her

I i nkages, as well as | f oxi de,
sul fone, epoxy, andR#g |JRe. RAls Ikrst is
ilustrative and NpotOl il ting.OR3; , and RS are

i ndepéhdlent | y egf ed MY omtydroden=6 - C22- al kyl ,
substituted C - al kyl, C3-C8-cycl oal kyl, and

substituted C3-C8Y, cycl oal kyl wherein preferably, at

| east one of R3,_+R4,,and R5 is a substituent other

t han hydr ogerr,.Ho F%T, in the case where R3, R4, and
R5 are all hyﬁi QNWQ amoni um hydroxide is the
preferred for R3 'ahd R4 or R4 and RS col l ectively
may represent a diieal ent group forming a ring wth
the nitrogen atomto which they are attached, e.g.,
nor phol i no, piperidino and the like; R6, R7, R8, and
RO are independently ted from hydrggen, Cl-
C22-al kyl , substitut - C22-al kyl, CB{C8-cycl oal kyl ,

. _ ‘ .
substqzto ted G3 ycl o JQL'@S‘R?G?%E{%% laq) a:r?/l, R10

is selecCted fro
substituted G- C22-a , C3-C8-cycl oal kyl,
substituted C3-C8-cydRpalkyl; Rl11 is sefécted from
hydr ogen, d -C22-al kyl, sfbstituted Cl-C22- al kyl ,
C3- C8-cycl oal kyl, substituted C3-C8-cycl oal kyl,
heteroaryl, aryl, -Y1-
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R3 or a succinimdo group having the fornmula 35 WD
2007/ 035256 PCT/ US2006/ 034616 p N O R2 wherein R12

w0 200308%86¢ ed from hydrogen, Cl-C22-al kyl, subspCT/usm®d6/034616
Cl- C22- al kyl, C3-C8-cycloal kyl, substituted
C3- GB-cycl oal kyl, heteroaryl, aryl and nay be |ocated
at the 3 4 or 5 positions on the aromatic ring; the
-N(R3) (R4) group may be |located at the 3, 4 or 5
positions on the pyridine ring of nitrogen conpound
(5); twWierei@02R3 and R1 groups may be located at any of

5, t f th ridine ring
trnhl:e r géeﬁ’ ]E:g‘rp%rﬂﬁl]déﬁ( @?gl'@égﬁn%dgngyv%lg‘%@ d| frevm hédfg’g@[]p C1-Coz-
(crooB o PBRIGE ST RN Crlasydgrlinh, supstiuied CrCer

or - CcoytlpalRg, hetdroaiyvk apel @yl ed from Cl- C22- al kyI ene,
aryl ene, (CH2CH2 Y1) 1-3- CH2CH2- and
C3-C8-cycl oal kyl ene; Y1 is selected from-0C(O) -

) ted from O
orNH-C(N(QélC;‘-?fo}Qf3fﬁai-l’?WI %‘4 o eofl’ r?g%%ﬁelﬁ |t.1ﬁ§ rﬁgY et{:egggbgututed or

f r om Loswpstitutad, -IN( F@tlz hydrokg, aaplit, i aldxoxyl,t égto, ahd/or like

261 cofRAE it aRh Sefifiedan héof o e, Sisartiarpiios gury also

sel ectentalr @ahbanété Rbfbufetﬁél'; aRéthoéﬂ%r"mlﬁa se 33, wiell as amide,
i ndependent | @sel ected from hydr oge

subst P8l etHlioxide sulpne;| epaxy; @Bd dgelhbal k'l§h|$ llst is lllustratlve and

subst C8-cycl oal kyl, heteroaryl, aryl, and
r adi cgf)yﬁmﬂggel n radical A i s sel ected from t he

followi ng structures: 36 WO 2007/ 035256

4 16 Rlo R10 Ri o
PCT/ Uﬁzolg?/gnsd 5 are independently selected from hydrogen, C4-Caxp-alkyl,

substituted Cy-Cao-alkyl, Cs-Cg-cycloalkyl, and substituted Cz-Cg-
cycloalkyl wherein preferably, at least one of Rs, Ry, and Rs is a
substituent other than hydrogen; however, in the case where Rs, Ry, and
Rs are all hydrogen, ammonium hydroxide is the preferred form; R; and
R4 or R4 and Rs collectively may represent a divalent group forming a
ring with the nitrogen atom to which they are attached, e.g., morpholino,
piperidino and the like;

Rs, R7, Rs, and Rg are independently selected from hydrogen, C;-
Caz-alkyl, substituted C4-Cyo-alkyl, C3-Ceg-cycloalkyl, substituted C3-Cs-
cycloalkyl, heteroaryl, aryl;

Rio is selected from hydrogen, -ORg, C1-Cqo-alkyl, substituted C4-
Caz-alkyl, C3-Cg-cycloalkyl, substituted Cs-Cs-cycloalkyl;

R1; is selected from hydrogen, C1-Cao-alkyl, substituted C-Coyp-
alkyl, C3-Cg-cycloalkyl, substituted Cs-Cg-cycloalkyl, heteroaryl, aryl, -Y;-
Rs or a succinimido group having the formula
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RB R6 NRB R NRB RENO RT RO RT RO RT RO *YN~_ Y

*NY O,--- *YNZZZT_Y NYN2 N fN2 NY N Y2 Y2 Y2
W@200R935256- R7 RO R7 RO R7 R8 R6 8 1 R6 8 1 RGPCTMURI006/034616

Rio RRo Radical A structures wherein * designates the

position of attachment. Preferably at |east one of

R15 and R16 is an A radical; and wherein the ratio of

t he nunber of phosphorus atons in the acidic

phosphorus- containing conpound to the nunber of basic

nitrogen at]orrs in the basic organic conpound is about

0.05 to abqyt preferably fromabout 0.25 to about

1. 1. er -C22-al kyl " denotes a saturated
hydr ocar bpn radi cal which contains one to twenty-two
carbons an ich may be straight or branched-chain.

Such CI-C22 mLkyl groups can be nethyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, isopropyl,
isobummbmﬂhertbutyl neopentyl , 2-ethyihepty|,

2- et hyl hex and the |ike. The term "substituted

d - C22- éyz is pelestesl fromchydzgenl L@]FCizaaikxdalwba’stuted C4-Cop-

d ' h

ror e S CRCHEdBLED, SPkafiech ety oL BisRgant aryt and
hal ogamay hallanatedaa“t)the Shetgmsssitionsen He SirhaR r‘?ﬁ(c%

substi t ut e@ ﬁ C8- c)ycl oal kyl, C1-C6-al koxy

al kanoy| ox{'€ahdRe}B4) gresp "l"ﬁ)é b@épﬁ@fedfﬁfdbeo'y(ﬂ oablpdsitions on
i's useg ﬂﬁldﬂ‘r@ﬁ’ﬁ oF‘n EH%IO%IdC(gAhydr ocar bon

radi cal cont ai n| rbon atons. The
term the -COQR:; and R groups may be located at any of the 2, 3,4,5,

6 positions of the pyridine ring of nitrogen compound (6);

L1 is a divalent linking group selected from C2-Coz-alkylene; -
(CH2CH2-Y1)1.3-CHoCHao-; Cs-Cg-cycloalkylene; arylene; or -CO-L>-OC-;

L2 is selected from C4-Co-alkylene, arylene, -(CH2CH2-Y1)1.3-
CH2CHz- and C3-Cs-cycloalkylene;

Y1 is selected from -OC(O)-, -NHC(O)-, -O-, -S-, -N(R1)

Y2 is selected from -O- or -N(R+)-;

R1s and Ry, are independently selected from -O-R,, and -N(R2)2;

Zis a positive integer of up to about 20, preferably up to about 6;

m1, is selected from 0 to about 10;

n1is a positive integer selected from 2to about 12;
Ris, and Ry are independently selected from hydrogen, C4-Cyp-alkyl,
substituted C4-Cap-alkyl, C3-Cg-cycloalkyl, substituted C3-Cg-cycloalkyl,
heteroaryl, aryl, and radical A wherein radical A is selected from the -
following structures:
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"substituted C3-C8-cycloal kyl" is used to describe a
C3-C8-cycl oal kyl 37 WD 2007/ 035256 PCT/ US2006/ 034616

w0 2w703325@s det ai | ed above containing at | eastPOIES2006/034616
group selected from Cl- C6-al kyl, C1-C6-al koxy,
hydr oxy, carboxy, halogen, and the like. The term
"aryl" is used to denote an aronatic radical
containing 6, 10 or 14 carbon atons in the conjugated
aromatic ring structure and these radicals are
optionally subst}tuted with one d,?wrmre gr oups Rio

sel ected fromy qg -al kyl; CRr CGNa'R,koxy phenylr a
phenyl SUbStR te Rvmth Cl- OGR r Cl-C6-al k

C3- C8- cycl oal k h&l ogen; hydfo (ﬁar boxy, cyarf 9
trifl uorp”eg-h%gnd t he *lwﬁ&k‘n_ly.p aryl

i ncl ude yl, Aapht hyl plaenyl n%apht hyl , %
(anthracenyl) and the' |i keYThe term " het er oaf yI i's
used to describe conjugatedzcyclic radicals cpntaining
at | eggtfong; hetero aho Sel geted from sul f 7O
oxygen dgen or a cd fon of thesSel R,
conbi Rat i pnRwi th fromt ho Rebout ten caRforl aROIs
and thesegr heteroaryl radi c—q{s substituted wigh the

gr oups ment’i oned above as possi bl e substituents on )
the aryl radical. Typical heteroaryl radicals ’

i ncl ude: 2- and F%JIMIVA Strérctures vﬁ‘léralneﬂﬁdemg%até’snﬁ'\e position of

3pyrrolc\él 2-, 3-, and 4- pyridyl,
benz Gt P¥%- 2-yl ; benzot hi azol - 2-yl ,
benzoxazol - 2-yl , benzi m dazol -2-yl, 1, 3,

4- oxadi azol - 2- yI 1, 3, 4-thiadiazol-2-yl, 1,2,4-

t hi ad?rafarbb-ati leaa;tsmémﬁRQ}, aRdYRys ik rﬁrﬁAZr@Hro%rl Yand wherein the
qU| nol%z%l c%n he |l ike. The ternms "Cl-C6-al kox and
I

mper pfephrshorygs aipmssienthe t&@lgrmﬂﬁphorus-

'm?e?é’.°ﬁ§a'ﬁ‘é@@88"‘“ﬂﬁ‘d%qﬁén§?"e@ St LaslREGE itedp g basi

t hat %@aﬂmmmmpbt&dcnar&thmmt Ot tws abubi 2 hpreferably fbrasBbEL 0.25
or br an g1 hai n, and which may be further

subs fth one or nore groups selected from
halogen, nmet hoxy, ethoxy, phenyl, hydroxy, carboxy,

acetyl ox and propi onyl oxy. The term "hal ogen" is

used Tthe tespr Esebi-dlkylo denetescalsaturated bydmnamorara:dlcal which

o DA o L YbBESTE i, BBl hE Lraignt o

di valpeamicHepdeietar IButh C4-Coy alkyl groups can be methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, isopropyl, isobutyl, tertbutyl, neopentyl,
2-ethylheptyl, 2-ethylhexyl, and the like. The term "substituted C4-Coop-
alkyl" refers to C4-Cyp-alkyl radicals as described above which may be
substituted with one or more substituents selected from hydroxy,
carboxy, halogen, cyano, aryl, heteroaryl, Cs-Cg-cycloalkyl, substituted
Cs-Cg-cycloalkyl, C4-Cs-alkoxy, Co-Ce allkanoyl’oxy and the like.

The term "Cs-Cg-cycloalkyl" is used to denote a cycloaliphatic
hydrocarbon radical containing three to eight carbon atoms. The term

"substituted Cs-Cg-cycloalkyl" is used to describe a C3-Cs-cycloalkyl
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radical that contains fromtwo to twenty-two carbons
and which may be 38 WD 2007/ 035256 PCT/ US2006/ 034616
W@ 200ai0sf266 or branched chain and which may be PCT/US2006/034616
substituted with one or nore substituents sel ected
from hydroxy, carboxy, hal ogen, O -C6- al koxy,
C2- C6- al kanol yl oxy and aryl. The term
"C3-C8-cycl oal kyl ene" is wused to denote dival ent
cycl oal i phatic radicals containing three to eight
car boradital s chahailetdwemweaacmtaiptngoalabagt cmﬂogrtdupmeéelctwtfmm Csy-

ioed Pa RO o pihrSid fioad; aldel afheifea <

and these optionally substltuted wi th Cl-C6- al kyl,
G - C6- al koxy and hal ogen. Preferred hindered am nes
cont ail hedengy 'arglitis used te depoisean armmatlmtﬂcbcalemntanmgotﬁ, 10 or

triazipe ietjes r ef er.ahl der.ed am nes

wher o 1Becd B s AfE B GHRY, LoldlErhiad ichiRang these
a tri pxdicls GRS Eptiordiny sabsutad with WaetdrirdbRAgRiuperdeibdied from
noi et\é(t In the nost preferred hindered am nes, am no

gr oupCetretalkvi Ky-Goalkoxys pheryll iankeBheyyl asubstikytedneith Ci-Co-
f

o 1ol AR b BIG, SHAGRR! fudtold (4 B, cvano,

8. Thmﬂubﬁdm@thylfmdméIhdmdBjm@hlw‘ylrgrou;Ss lfr@i&&?phérﬁyl naphthyl,

2 et b

am ne;iC 7
the aci giggéwgtﬁospﬁﬁyus cg‘r ai ni galﬁ%g%ﬂ%%%dd&%m?ﬁe% least one
ba3| cheiiero a!:,um salmniedxlfmnmguwmtgamygen,ompogad ara combination of

PCT/ Uléfﬁﬁé'y ﬁ'@)i_jtnga%on WIﬁw ?rgmt t?/vo Fo ag’gutvtgn %%Qgcénog 02r$1336 and these
heteroaryl radicals substituted with the groups mentioned above as
possible substituents on the aryl radical. Typical heteroaryl radicals
include: 2-and 3-furyl, 2- and 3-thienyl, 2~ and 3-pyrrolyl, 2-, 3-, and 4-
pyridyl, benzothiophen-2-yl; benzothiazol-2-yl, benzoxazol-2-yl,
benzimidazol-2-yl, 1, 3, 4-oxadiazol-2-yl, 1, 3, 4-thiadiazol-2-yl, 1,2,4-
thiadiazol-5-yl, isothiazol-5-yl, imidazol-2-yl, quinolyl and the like.

The terms "C¢-Cg-alkoxy" and "Cz-Cs-alkanoyloxy“ are used to represent
the groups -O-C4-Cs-alkyl and -OCOC+-Cg-alkyl, respectively, wherein
"C+-Ce-alkyl" denotes a saturated hydrocarbon that contains 1-6 carbon
atoms, which may be straight or branched-chain, and which may be
further substituted with one or more groups selected from halogen,
methoxy, ethoxy, phenyl, hydroxy, carboxy, acetyloxy and propionyioxy.
The term "halogen” is used to represent fluorine, chlorine, bromine, and

iodine; however, chiorine and bromine are preferred.

The term "C,-Caxp-alkylene" is used to denote a divalent hydrocarbon

radical that contains from two to twenty-two carbons and which may be
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manner. A suitable manner is any procedure that

i nvol ves contacting the acidic phosphorus-contai ni ng
w@eiod/ossi2sér t he basi c organi c compound or amMmODPETIIG2006/034616

hydr oxi de. For exanple, the acidic phosphorus-

cont ai ni ng conpound and the basic nitrogen-containing

organi ¢ conpound or ammoni um hydr oxi de nay be

di ssol ved in appropriate solvents and the sol utions

m xed recipitatjon.of the reaction

pr odu%ﬁ@b%ﬂ)@f%a?{cﬁ%dpﬁﬁ% tﬂfﬁ@’-h&ﬁhﬁﬁlmbﬂ pudstitutas dvitthene or
basi cmoreyasiibstituenfd Geitiéd RO R y i de without

sol ve%”(; and the |ike. '}'ﬁe rati gyg@Xphégaglﬁég&erh%lpgen, C1-Ce~
aci di €*gPofsCi-alkenelylaxydand ahds phie term CoRTERIddkylene” is

th Is Lt . at i,n the basi
or gan B2 oo Bl lRHTed Pale Gamying threado eight

r angecasborabtors An@3hése ardepl it SR about
0. 25 9%¢bout 1.1 Conpgsitﬁo%rgantyﬁga@ﬁgl@%’g?% ‘gﬁgé’rfé‘éore Ci-

exces Yl godRet ethederm daptegShisrused tmpenots 1 Ry 1,3-, and

A . ¢ : dur|
ol yost EeRAEhPTadtad arkf BRES brfidalisikatlied math oi-Co- alky,
any) CorCepalkbry andumaidgest ur e. Since the catal yst system

used in the invention can be so easily at | east
partially deactivated, phosphorus conpounds previously

f ountPréferied higg i it t atal yze o
syst ens rsl_Jchl airet(_j ﬁééﬁqﬁﬁ'l%l y@é%“@r%k@%“ggﬁ@%‘?m Jgoieties
conp80Aies triazine mslietiash atare toréfesalsly hind8d BANhES wHEPE %t Jeast
in tgﬁe%mgﬁ% l.t aBd. 0 ES}O the invention.

Mor eover,  p ggﬁcﬁ &8 ﬁ@ﬁiﬁi WP ehiazinec medetyaand an alkyl-
| ncr saisstitited Nsigsridihé oAy, t ens, :
such_as hosrp}fhigrcljus, .acio%w naq@qﬁeeqﬁégdgéz%@g%m&%d amines,
deac?ﬁ'\)‘?ﬁé diroUpCANtaiing atwistists syst kkeaf Hyhenpr: e group
i NVegid ' ing,to increase the haze due to '
r edugi%}%bmé Q‘%)aﬁ?‘g%\%ﬁfe s frﬁ@ 2 3. preferabiynisom 4-10,
cat adyd edostysreéerablyi Bper 8S I r o . .
t he f?%'ﬁﬁ ter. They1 quant i ty%ﬁﬁor%spgﬁte?ﬁ%j i‘@#‘%@ﬁﬁaﬁr&“e IS
ot heryasgr é;}i‘(-%é’act:watrmg tepedit Units bhite formakss i s
effective to reduce the anount of AA generated upon
40 WD 2007/ 035256 PCT/ US2006/ 034616

CH; CH;

BC __N_ CH HC 1\'1 CH;

o
N
N\CPN

N

L

0]

(CHy)s N _I @n.
i

The salt of the amine component may be prepared by bringing together
the acidic phosphorus-containing compound and the basic nitrogen-

containing organic compound or ammonium hydroxide in a suitable
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remelting the polynmer produced in the nelt phase by
partially or fully deactivating the catalytic

w@ea7w32y6 of t he conbi nation of said (i) al um PCIUS2006/034616

atons and (ii) alkaline earth netal atonms or alkali

nmetal atons or alkali conpound residues. The anount

of AA generated upon renelting that can be tolerated
depends on the end-use application and often on the
particul ar beverage brand owner involved. Preforns

used teAnREle AetudiablenBiannes l@fawrprnae@uneoﬂnat invblves contacting

chr bortt 26R0PSHRrR SHReling BEf4 bita TR DasltoRBi fefhpound

accepioabbemmenielm dydpéxitls. CSPopf éiélﬁmé NRe b&l@ib(’%ﬁphorus-
whi |l e the nmaxi num accept abl e level of AAin

ppm
wat er CRPEIHRGs Cﬁﬁlp%l@dabmd e pl@wCPrmﬁrQﬁef’sC@mﬂammd organic

or cf oramPeui kRt BBt Hi oL HRspyE3Clp appropriate

pr ef osn’srea’&;eahd el slytions mb@d\/f@tlmedwykﬂémp'f@t%n of the reaction
guantit hos hor u oppound or, ot her catal yst
deact | a}wpbﬂwr@rﬂ%ﬂﬂg& apid amg the basic organic

poly e%bﬁf ou nt\ME)'r %E}rﬁ&ﬁ’iﬁﬂgﬁygﬂﬂxﬁﬁ%lﬁ%g gﬁ&eﬁp R )?'dctﬂ{e iRE.

and/ or b ver age and own I'nvolve
the targeted phosphorus level in PET will be hlgher

appl { 4he1 e, SETha N aPEF aficae EnOsuPEain i acidic. phosphorus
deact cympelnd as théUffnbér of bbé]é%ltréé‘% afBrﬂé i Th& B

of deactivator possible shoul ded to achieve R{]orgamc
t ar gefeapaung @Vémenluﬁehwomdegnaﬁ bglllvélne sge ababan.0.05 to

of coRbfua BIBAEY Bt SrlF 5 1 st "L T eAMRFRions that

the tevgeired iddelexeebs iof th@d@é’d bcld®s ?ﬁoébﬁbf?@s compounds may
application. Consideration is taken

cunul ERSWEN GRsesion et BreasaeqUIRIMRET HubRg palvesternmanufacture,

The. ngpoertipie ARERAE Gin I8 BLofim FATRRRIE o (e

total nmoles of alum numand al kaline earth netal
and/ or al kali netal (P M MR where Mis deemed to be
t he sum of, t he, npl es t he, nol es

al kal PREedEs CRtaMSE &V@fem Pﬁe%&réﬁw@dpvwww %§8§3§f|y at least
al kal paﬁ@tl)glbéacﬂvfaté& %bho%%d%ﬁé%d%éb@ﬂgﬁl fF)Bﬁd to be less

nmol e rati ener al least 0.1:1
0. 3: 1effegtivetwith aatimony satalymd systdrag,stuch. a& the folt eaters of

| east adidiit ph%@BhHRxstc% A &lxﬁdsSlll%é pﬂos&?ate triesters, can now be
used in the polymer melt and process of the invention. Moreover,
phosphorus compounds found to cause an increase in haze with
antimony catalyzed systems, such as phosphorous acid, may be used
as a deactivator with the catalyst system of the present invention without
acting to increase the haze due to reduction of a metal, which, in the
case of antimony catalyzed systems, imparts a gray or black color to the
polyester.

The quantity of phosphorus compound or other catalyst deactivator used

in this process is effective to reduce the amount of AA generated upon
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41 WO 2007/ 035256 PCT/ US2006/ 034616 preferably up to

about 3:1, or up to 2:1, or up to 1.8:1, or up to oicic
wa2®7a3525€xcessi vel y large quantities of phosphr/us2006/

conmpounds should be avoided to mnimze the loss in

pol ymer 1t.V. upon addition of the phosphorus

conpound to the polyester nelt. The preferred ran%e

for PPMMRis 0.5to 1.5. Conpounds of netals other

ki ' | s .and al kaline earth
tmgfl gl ? a é@g?ﬂeea§¢|§®ll‘el{ R%ﬁﬂggﬁm partially or fully
addi tdmctlvating:mm@ialgﬁc @Etiﬁh}’é?tﬂé'@op?d&@ﬁn éﬁ?@%m gluminum

[ earth netals, othe
? Eg{ oétggrlb{g (ri]iﬁakha!i@@ Rerthsnetahptomsior alkeli mutais®dins or alkali

i oru ound added late is
et 1o ou Roidles? SRE BRI of AR Giteratastshaniorasting tht

®tdlersRed deparuirttd @id-L5E apPRSAA' AR often on the
Eiﬂ%ﬁaﬁbg re@%t or r3:on‘oi ne with all BPeactlve ms?al g

pres licylar beverags b@%%VWHﬂV@WethrefoTrmpﬁwoa% water
SfRIHRS { L) .cont ai,ns a
s SR e RIS bhOdER TR e Prelbimisgsapi make
or 1(0ofiaa foo catoppted mednmﬁosmg F‘@ﬁ'e@@hp‘i’%, thE%naximum
poly%%[)gt PI melr L@pd he nolar ratio of "all alka I ne
earth me{) g?’ ea'é}ﬂe At | [n {;@E)a preforowsmay hﬁ@orﬁl%%i?f?f Wg:le the
al unminmasimahPagcdpsabldidyal ?f ,@«Arig%%%é’%_a%[r%l{(}ng,s rjay be about
1:1 to 5:1 orfﬁtom,ante. S80S aRY
fr on%'d?piﬁ-lpﬁeeﬁormqintendeo.fer tisé in Both, CSD éhotG\;vétnetrgg%fikgi'tsk dual-
[ ) . pasi ti
o onf e Brfonhg o AR £h SecClions prsier foBrdoos used
S . . i
b ony e raterbanel e Shatihg of Bhospldh@A8mppund or

i t hPUST Catalysh dgaciiMaioruepddependsamtie tagjetde tis ofjester,

. oepc dabansan an
the PERRSrEr 8 oritfe oRUCLNR Salcdub) 2nalpr beliptambiand owner

ot gt vetor L0 ot g SECGRERRh PET i e

t he @gﬁ%ﬁﬁa"aﬁ%ﬂﬁf&@'wuﬁe@pmrﬁ@tm@oﬂwancﬁor GSDt dysplicatiehs.

ano l&“hc@flate%ﬁitf&%f%@é?&q{éﬁﬁ@&% 'an %%ugg rITlRllelggg tggl y

uDonmiSnliJga%agyoth of deactivator possible should be added to achieve the
targeted AA level in the part for a given application. If the deactivator is
corrosive, the minimum amount of deactivator possible should be added

to achieve the targeted AA level in the part for a given application.

Consideration is taken for the cumulative amount of aluminum, alkali or
alkaline earth metals, and any other catalyst metals present in the melt.
The ratio of the moles of phosphorus to the total moles of aluminum and
alkaline earth metal and/or alkali metal (P:M MR where M is deemed to
be the sum of the moles of aluminum, the moles of alkaline earth metals,
if present and the moles of alkali metals, if present, and where MR
stands for mole ratio) is generally at least 0.1:1, or at least 0.3:1, or at

least 0.5:1, or at least 0.7:1, or at Jeast 1:1, and up to about 5:1, or more
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conpl eti on of polycondensation and thereafter, and
preferably, the final 42 WO 2007/ 035256

WO As2006/ 034616 anount of desired phosphorBGI/US2006/034616

conpound shoul d not be added to the polyner nelt in
the nelt phase manufacturing process until substantia
conpl eti on of the polycondensation or thereafter. In
t he enmbodi ments in which the phosphorus conpounds are
added in the nmelt phase pol ynerization, by the fina

amounPreferaplyodpicoakeitidst, arakmio 2:neof umm 1&rbuortupio 1.5:1.

Phe: neri 2 SRR o SeB o ah s GriiEings i e

in a made@d to mirfimilesiheddss m mymleﬁlt\ﬁmbéiﬁadﬁmon of the
phosphor u ound ma be added earlyr he mel t
t

phasepl'r‘l%ﬁﬂj mpgups Bribegolyesier melta hemereferr &d rarigenfor
of poﬁmw%n@@ttboln provi ded that a portion of

phosphorus representing the final ambunt is added
late in the course of pol ycondensation or thereafter
but néfore s ation as explained further bel ow

QPRD LRSS of (etria aHektham Sk, GHed Detbnand adésline

t he t.
e gc?éérg’lf W?qlse Q\Tl\%)oﬂég@{) ?ft??h%séﬁ&uﬁo@?ﬁ o‘hrndgoﬁ in pddition to

addedcarapeunds afraumirium mmgnemméadtau ralkzzfjlnp;]amﬁﬁmetéﬂ@
i ni mj t | oss i f rge quantjties of phosphorus
o uihEneta cpbetinis thf et RS Bhosiosts cRmpaunde e

| 0ss sregent] fhenmﬁéraaﬁ@rﬂrof Pbs Gfipdun
phosp%r us are added, it ?s g@rrugbl gﬁ{o Sg?zdd%d late is

phos FHRsira8lydB eseassiohibat required toaohievedbe targetédP:M MR to

phos iy HE e oBan iR i disdR4e b Stabine vt all

pref a‘eaeMi/d inatals prdsehhidn @@bth@femﬁodiﬁl@heéﬁiheVlﬁveﬁm the
i s, s not break t he ynmer chain nor increase AA

gener%ﬁ e Ralwger W@PSI?@P €Ontgins algnjswmsatomsawithine range

ol ecdi*lﬁaﬁ&ﬁ‘ﬁb Qpb plFélﬁT cﬁrftokét?ﬁﬁ gf Qpﬁ%ﬁﬁ%ggﬁ%ﬁr?%ed on

chai n fi mum ano
conpdbedveigit of iee palyesier ablyehdrt aivd theamlar @itils Wl .alkdlRe

nmel t - phas SS_can carried out such that the
B Sl g S o s i S
i ghefitni¥% rhhge BIDWH 106:1] br Y:1 {95, B¥PACKHSA158nd IRl P
t he target . can
ratio rangesfromo 1:1to 3:1, or 0.3:1 to 2:1, or 0.5:1 to 1.5:1.
Preferably, the polyester polymer composition contains aluminum and at
least one of lithium or sodium or potassium or a combination of thereof.
In one embodiment, the composition contains aluminum and lithium, or

aluminum and sodium atoms.

Since one of the benefits of the invention is the ease with which the
catalyst system may be deactivated, care should be taken not to add the
phosphorus compound or another deactivator too early as this would
retard the polycondensation rate. The addition of the final amount of
desired phosphorus should be completed only upon substantial

completion of polycondensation and thereafter, and preferably, the final
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achi eved. 43 WD 2007/ 035256 PCT/ US2006/ 034616 The

nmelt phase reaction proceeds in a batch, sem -batch
w@eoocos2shiuous node. Preferably, the process BET/UR®06/034616

invention is continuous. In the process of the

i nvention, polyester polyners are made in a nelt

phase reaction conprising form ng a pol yester pol yner

nelt in the presence of an al um num conpound and an

al kali metal or an alkaline earth nmetal conmpound or

al kal PMeyRpeldrpireftphasaberus gesrpewnd sifioulth@ot be added to the

| ' ' in th £
Phe” cBafREMANR BERH Sl ABRRRE DG ABCBRS IR Fiitantia
conpoconipledibk af theepelgedritomeatidn of eraresnsr. or al kal |

conpound. The various ways in which al um num
conpound, the alkali netal conpound, the al kaline

hei 1 or e o BRI Rl bho SRR B B8 0nSE ol Hill n

are fihetmelt pase polyetrizetiany. byFibleyfersl @mopheefipResphorus is
react ant St t?]r ef de to {an ehst erification reaction vessel
wher ¢ ERBE ief0Al amoyat o Phaspheeys desieeskinghe delyester polymer
condusyigit thENRelt phESE hfdrikadd REERS JRTRS i

di rect I??t eri fiecgt [ g%hidrrﬁ%dtgg?gp ex%l%ﬁ%e%;eéi?%dﬂsa, pellet.
al so lkAesirechs partialsamoenti dfiphaspbarusl compeurskr@ydbe added

t : |, .t . th [ I Xture
7o neiy e e BRRT R BiRE o RidPosndeheecie fration
a poquqmlﬁfondéhéatioﬁhprcfw&éi‘ﬂﬂa@ﬁ poMEb9 Bt Rﬁésﬁﬂlﬁ'uﬁéﬁresenﬁng

cont i Bue_s to be increased in the nelt phase process
to t Heedvsl araguniys added datedn je ceyrseanpolycondensation or

o RSP Moo R b o

f ur t eaximizeipolyesrelensativn bt or Pro@RRiod ratdy, ¢he maijority, or

di carboxylic. ac , referably aromatic di carboxylic

aci d&fe{%‘j@mﬁ bg%r o lﬁeswérﬁf%ra%lwfég whale o #ie phasphores

oot ST pRUGH 28 S NI i Befrig process.

operated at a tenperature of between about 200C and

300C’To"’lr%jnir‘rﬁtlzea\txc’/l.J o%rs_iﬁ%\Pgnesgl!l]aerqtiticespc{f%?mség;raﬁor%g are added, or to
further minimize the potential It.V. loss even if moderate or optimal
quantities of phosphorus are added, it is desirable to add the
phosphorus compound neat, that is without further dilution, such as in
the case of 85% or more phosphoric acid. If a carrier is used, it is
preferred that that the carrier is nonreactive, that is, does not break the
polymer chain nor increase AA generation rates. Water, alcohols, glycols
and lower molecular weight PET are known to break the polymer chain.
Once the minimum amount of the phosphorus compound and the
associated It.V. loss are known, the melt-phase process can be carried
out such that the It.V, made before deactivation/stabilization, is higher

by the amount of It.V. loss expected so that the target ItV. can be
achieved.
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bet ween about | psig up to about 70 psig. The
residence tinme of the 44 WD 2007/ 035256

weRas2006/ 034616 reactants typically rangesPET/082006/034616
bet ween about one and five hours. Normally, the
di carboxylic acid(s) is directly esterified with
diol(s) at elevated pressure and at a tenperature of
about 2400C to about 285C. The esterification

react&on is continued until a acid or ester group
conver 8¢ Gelbphage reagtien proreeds i pikalely semitbateln,er continuous
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possibly formed by catalyze reacti ons,
ot herofait albminum campsiindo afkalimitabcarhpasnd, tatkedine earth metal

st abi || lLve nts .of BHET.and . ,

ol 1 oo Rt Anbis o PG BeRUs Mva i iniehgluripem

pr ocesmsnpeurdl, the 8ikkli nesthiRsdrhpe@id, Ie BIKRARS Satth, BRI

case the anount of oligoneric species are significant

and SPERPYNERIKlEComBOwRG 6an bpeaside, their erdes véaddition, and

of - BRRY PRIEG r B AR Bebd bl S dor e,

Water is renoved as the esterification reaction

proceFr;ecﬂs in order to drive the equilibriumtoward the
desi rEQYPHBRIECUrsOREeciABls are Ted i B @starificAtion seagtion vessel

exchafiige the kst sPIyeRds the qﬁéﬂaﬁﬁé@e éf&:t%gs ?%cr:ﬁdeuc%ttﬁ%. The

di carboxylic acid™proceeds In ord
equi lastarifieationpenagss irockesisripddipecidistérificatibe or by ester

esterjf] i on zone typicall roduces. t he nononer

and oqxlcgérﬁic? i ﬁgp@se’ilsg Rng\ﬁp ,a%t sfﬁyﬁllggpg,n.i IR the second

seri etad¥ oftfie rRélt PRESe pRRELS! e o‘hk;bﬁﬁ?%iﬁwe foied during

nmonomer and ol i gomer species In the oligomeric mxture

coul @stggification is polycondensed to form a polyester melt. The molecular
weight of the melt continues to be increased in the melt phase process
to the desired IV. The catalyst system of the invention is useful in any

melt phase process for making polyethylene terephthalate based
polymers.

To further illustrate, a mixture of one or more dicarboxylic acids,
preferably aromatic dicarboxylic acids, or ester forming derivatives
thereof, and one or more diols, such as ethylene glycol, are continuously
fed to an esterification reactor operated at a temperature of between
about 200°C and 300°C, and at a super-atmospheric pressure of

between about 1 psig up to about 70 psig. The residence time of the
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produced in one or nmore batch reactors. It is

under st ood, however, that in a process for neking
WOEN7/083286 reaction mxture will contain the nRCDIEINE034616

speci es bis (2-hydroxyethyl)-2,6- naphthalate and its

45 WD 2007/ 035256 PCT/ US2006/ 034616 correspondi ng

oligoners. At this stage, the It.V. is usually not

measurabl e or is less than 0.1 dL/g. The average

degree of polynerization of the nolten oligoneric

m xt ureagtantsypieally ranges Fombetwesn akod ooktand fiveskours.
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metal c¢onpounds, such as those of [ithi um or sodi :

or al RiomereaXturec@Rpthammise alse knawntasdtbe “ofonomer”).
magnesi um or cal cium nay al so be used as ester
exchange catalysts. Any other catal yst materials well

knownThe resudting elri?bdrié@’db li'riixttn:]wforméd iraltuﬁe éﬂbfiﬁé&tﬁm 2éhél(which
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a nost preferred enbodinent it is _ _
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exchapgeiserilitviapndepending oAlsRstRer Ple HoressIdes direct

titani um _ containing conpounds. Suitable alternative

est ereHicaAlgE REagassyis mich gaseithe amauntoimligemaric species

BN QAf}HE Sy R YR e R pribattUsihie S LF Qhecies, or a ester
exchange process in which case the relative quantity of BHET
predominates over the oligomeric species. 'Water is removed as the
esterification reaction proceeds in order to drive the equilibrium toward
the desired products. Methanol is removed as the ester exchange
reaction of a dimethyl ester of a dicarboxylic acid proceeds in order to
drive the equilibrium toward the desired products. The esterification zone
typically produces the monomer and oligorﬁer species, if any,
continuously in a series of one or more reactors. Alternately, the
monomer and oligomer species in the oligomeric mixture could be
produced in one or more batch reactors. It is understood, however, that
in a process for making PEN, the reaction mixture will contain the

monomeric species bis (2-hydroxyethyl)-2,6- naphthalate and its
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Once the oligoneric mxture is made to the desired
percent conversion of the acid or ester groups, it is
wao e@nopasg ed fromthe esterification zone or PEHUSING034616
to the pol ycondensation zone. The commencenent of the

pol ycondensati on reaction is generally marked by

ei ther a higher actual 46 WO 2007/ 035256

PCT/ US2006/ 034616 operating tenperature than the
operating tenperature in the esterification zone, or
a mar RIEEIRANdING digantersr &4 dhis staaes dhe Ity .dsibisually not
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0.2 n%!%_er-\- st@an déhce tinme of the reactants
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hours. In the pol ycondensation reaction, a
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condensati.on pf  the oligongric ester species. and
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sol 1 i YD E FiR et iteg B nds, Sriasingser corpraings, each
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That (?I'rP t he, prepol yner stage can involve the use of
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nor e : Vi n
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vessdilitaniine based cataests presendtutimg theepdlytonddisation reaction
ence tinme of the

et TRRARVEY BRendi BhsY Byteind b6 emat velow: Wleeis

exanplossibigtoSauBRtivaRAhEitARErIssed Bfalyst with a stabilizer after

prepol yneri zation zone
completing the ester exchange reaction and prior to commencing
polycondensation, in a most preferred embodiment it is desirable to
eliminate the potential for the negative influence of the titanium based
catalyst on the b* color of the melt by conducting the direct esterification
or ester exchange reactions in the absence of any added titanium
containing compounds. Suitable alternative ester exchange catalysts

include zinc compounds, manganese compounds, or mixtures thereof.

Once the oligomeric mixture is made to the desired percent conversion
of the acid or ester groups, it is transported from the esterification zone
or reactors to the polycondensation zone. The commencement of the

polycondensation reaction is generally marked by either a higher actual
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represents the first half of polycondensation in termns

of reaction tinme, while the finishing zone represents
wo b@7eseend hal f of pol ycondensation. O her rREUS006/034616

desi gns may adj ust the residence tinme between the

finishing zone to the prepolynerization zone at about

a l.5:1ratio or higher. A commobn distinction between

the prepol ynerization zone and the finishing zone in

many designs is that the latter zone frequently 47 WO
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applied to the polyner nelt or

at | e53nges fiuniebueen abh@t Dl yb@ﬁd"eh@lasf)bhtyhzmrﬁymmdensatlon
b oa sastioR!p ShiTeRins el B BEGYkoriR 2vivkR B Sinsensation of

ar e, tmndligonyeriestenypadiéand doriag the eourseieholbBaRr welght
28OC I:)H@rder to avoid rapid increases in the rate of

HBor formation. The pressure in the finishing
zone may be within the range of about 0.2 to 20 mm
Hg, or 0.2 to 10 mmHg, or 0.2 to 2 nm Hg. The

addi t Irosomé mbm&dsasnp«ﬂwmnieméatlam deaxltlbalsiage Ilﬂﬂi:ftbh ahnd

met a unds or al kal i s to,the nelt ase
react F%'?lt 'ﬂ%?* 'B?'&% gl phE}?edn B/ POYMRNIZRH0 Zopedl Ynished in
speaki HiR RO

met al @%&ﬁﬁ%%wﬁ | corrpogdn sq\’h'éH g@ﬂngg l?%ﬁcﬂﬁed to
conbi feurt e podyestempalgmer maltqahaseqmrodects gpaemilg ln the form of

and chPsy ool o AR ahe Eisth DBRnAGoTBgEbRLFories of

i nto éngel Hidrerislinct e tion Fo8HAE DpBFaty & &ﬁé‘r‘éﬁi’ cYhdiflons, or
a solvent such as ethylene glycol and added as a

uni t athp Zanesanay be combined into one reaction vessel using one or more

sub-stages operating at different conditions in a single reactor. That is,
the prepolymer stage can involve the use of one or more reactors
operated continuously, one or more batch reactors, or even one or more
reaction steps or sub-stages performed in a single reactor vessel. The
residence time of the melt in the finishing zone relative to the residence
time of the melt in the prepolymerization zone is not limited. For
example, in some reactor designs, the prepolymerization zone
represents the first half of polycondensation in terms of reaction time,
while the finishing zone represents the second half of polycondensation.
Other reactor designs may adjust the residence time between the
finishing zone to the prepolymerization zone at about a 1.5:1 ratio or
higher. A common distinction between the prepolymerization zone and

the finishing zone in many designs is that the latter zone frequently .
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When t he al um num conpounds and al kal i ne earth net al

conpounds or al kali conpounds are stirred and heated
wa@eooabszse 125C and an adequate nitrogen pur gePGIESI86/034616

vapors away fromthe surface of the mxture and out

of the mx tank, the resulting m xtures are usually

al nrost colorless. For nost conbinations, the m xture

clears at sone point during the heati ng to about
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be sigficient to renove volatiles that react to form
color bodies; therefore, if a given nitrogen purge

rate keeps the solution colorless that purge rate is

RS Bl SN of B el gt ge

rate:a durids o? aficdiing I sirab
es rlgpt) uShow Vi Si Ibloerﬂ-&ﬁ]ﬁ i@g@%gﬁg{fkﬁé‘%ﬁe@fgﬂ@%%mwm

f or uaﬁeva(nij Heuaysat B sperlén@ttbe @luminum compound and
alkaline earth metal compound or alkali compounds may be added in

’

combination as a unitary stream, or as separate streams. The alkaline
earth metal or alkali compounds and the aluminum compounds may be
combined together into a solution or into a dispersion or a slurry with a

solvent such as ethylene glycol and added as a unitary stream.

When the aluminum compounds and alkaline earth metal compounds or
alkali compounds are stirred and heated at about 125°C and an
adequate nitrogen purge sSweeps vapors away from the surface of the
mixture and out of the mix tank, the resulting mixtures are usually almost
colorless. For most combinations, the mixture clears at some point

during the heating to about 125°C, which lasts preferably at least 0.5
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For some M Al MR this can be nmade possible by

enpl oyi ng solvents such as nono-ol ether conpounds or
w@oioghsstsoxy et her conpounds al one or in conbPCEUBING034616

with ethylene glycol, such as diethylene glycol,

2-nmet hoxy et hanol, ethylene glycol butyl ether,

2-1sopropxyet hanol, ethylene glycol nonophenyl ether,

a pol yoxyal kyl ene pol yet her polyol, or conbinations

thereof.. Qther suitable solvents which will keep the
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i | i i | ,ud i i f hyl
ol yeol AR sine 4 sae Biglifch Sad RiEHrdap Sobpe faddes
PCT/ UgaostaiséShile Wr@@é@éhfé%lb#i@sr&dcﬁépérgi@ﬁ%. B an

carbon atons and a carboxylic %roup an hydr oxyl
gr oup2n@ogads BIasRdUL, tetsde pbsitigen tokeepomporheear the
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until added to the nelt-phase polyester manufacturing

i ne Addi ng the al um num conpound and al kal i ne earth

met al Therefdreathererist alko peovighediad dnagedithent ohthedhuémtion
or a di sBer.Si on or a slur unitary stre

pr ovi GRIEPHHE0 AJHEHF 48 MM SPRPAURE et plksl metal
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conpounds nay, | lesire be added” to
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esterifi f:at.i on,

conpl et i pn. of or betyeen the .
ost or FMERINEANS B Tio5e ANy RLFRIBRAIAT N D8R er rapre.f alkall
a poi mistaMee alkefhy eaRAens@al bealkal @bkfhouhlls @ form a mixture, and
enbodi nent, the alkaline earth netal or al kali

conpoepiipnadly et theomixdure iBdbe presansesif@ngas pulge, such as an

esterdf] [ j on. m_xt | referred

cot o hEAE! PlghERSH) AARal) HiSwR. e FGrR S 8pLFfouon
addedarhbleneeonditiens esdieas tireagh 28°CoNfthamptivRaemtrb88n purge
of or, during Cijm ycondensation or at the inception or

dur i N§ SSRRIBERY,HB? ratarshenld e seiciand tarampye weledlesghat react
al kal §78rm color bodies; therefore, if a given nitrogen purge rate keeps the

solution colorless, that purge rate is adequate or sufficient. A preferred
nitrogen purge rate is 0.5 to 3 scfm. A more preferred nitrogen purge
rate is 1 to 2 scfm. The resulting mixture desirably does not show visible
phase separation on standing for one (1) week at room temperature.
For some M:Al MR, this can be made possible by employing solvents
such as mono-ol ether compounds or polyhydroxy ether compounds
alone or in combination with ethylene glycol, such as diethylene glycol,
2-methoxy ethanol, ethylene glycol butyl ether, 2-isopropxyethanal,
ethylene glycol monophenyl ether, a polyoxyalkylene polyether polyol, or
combinations thereof.. Other suitable solvents which will keep the Al
and alkaline earth metal or alkali metal catalyst system in solution

include a combination of ethylene glycol with mono-basic or dibasic
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earth netal or alkali operates as part of the

pol ycondensation catalyst system it is desirable to
wadw7vsesal kal i netal or al kaline earth netal PET/US2006/034616

al kali conmpound to the polyester nelt early in the

pol ycondensation reaction to provide the benefit of

shorter reaction tinme or a higher nolecular weight

buil d-up. As previously stated, it is preferable that

the al um num conmpound and the al kali netal or

al kal hyseoxmcds hating ableagt &k sarbavatpmand aaszeelic group and
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ool y . L ) L
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et al catalystahixaridier feadtthniketatil added teaihie rnelphusd poiyester
heated together prior to introduction into a

nel t -PRAAY C{'J‘G'P%‘E’?er manuf acturing line. In the

process of the invention, the polyester nelt is forned
by pol ycondensing the oligonmer mxture in the

presence of an al um num conpound. An al um num

2 onb Mg e SRS Poridliknid fieligs Ehuh midel &kl meta

eSterdothtﬁIrldCtB etheRfh selltieh of BRUisgesiondr a slurry as a unit
pol ycon ensatign, or to the pol y§eﬁster melt du inga any

pol y &HsaEhB@vidas, thesenyericace bf tedusingthechumberotxddition

at I%ﬁﬁhsabout 75%onversion in the esterification

zone.” However, since alum num operates as part of the
pol ycondensati on catal yst system it is desirable to
add alum numto the polyester nelt early in the

pol ycondensation reaction to provide the benefit of
shorter reaction tinme or a higher nolecular weight
bui | d-up. An al um num conpound i s added preferably

when Thieealkalineeerrtic oeta s iathalidorhpeurals whagnif dgsieed He added

o e A B bR i b Chmghe o

o uSS et BEHARA Je 45 Boncensaton
zone, or at a point when polycondensation starts. In one embodiment,
the alkaline earth metal or alkali compounds are added before 50%
conversion of the esterification reaction mixture In a more preferred
embodiment, the alkaline earth metal or alkali is added between the
esterification zone and inception of or during polycondensation or at the
inception or during prepolymerization. Since the alkali metal or alkaline
earth metal or alkali operates as part of the polycondensation catalyst
system, it is desirable to add the alkali metal or alkaline earth metal or
alkali compound to the polyester melt early in the polycondensation
reaction to provide the benefit of shorter reaction time or a higher
molecular weight build-up. As previously stated, it is preferable that the

aluminum compound and the alkali metal or alkaline earth metal or alkali
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In a preferred enbodi nent, an al um num conpound is
added to the oligoner m xture upon or after

w@owphason of esterification or to a pol yestBCT/Deio06/034616
no |later than when the It.V. of the nelt reaches 0.3
dL/g, or no later than when the It.V. of the nelt
reaches 0.2 dL/g, and nore preferably to the oligoner
m xture exiting the esterification zone or prior to
commencing or at the start of polycondensation. 51 WO
2007/ mpemmvammaﬂmmtharre gnlsothrdftaﬁi%%bstdnﬂcatlon

bor yrand et e RSP ot e il Teastins &2 om0 Jalig cor before
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pol ycondensati on and before solidification.
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melt: a) the polyester nelt reaches an .

| eastinfiodactinry igto amali-phasa elyester rrmud‘aptum bm yest er
melt, if any, is released, at |east partially, or ,
c) if the polyester nelt is present in a nelt phase

pol ynferthe mmmsmmh@menﬁdm the poheespdranphes fssmeadrmound
W|th|naf ctor for making the polyester
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flcation; at a point wt m nutes or

| ess, 75%cqm)/afslnml@§he)esteg&<satlon zone. However since aluminum
operates as part of the polycondensation catalyst system, it is desirable
to add aluminum to the polyester melt early in the polycondensation
reaction to provide the benefit of shorter reaction time or a higher
molecular weight build-up. An aluminum compound is added preferably
when the percent conversion of the acid end groups is at least 75%,
more preferably when the % conversion of the acid end groups is at
least 85%, and most preferably when the % conversion of the acid end

groups from esterification is at least 93%.

In a preferred embodiment, an aluminum compound is added to the
oligomer mixture upon or after completion of esterification or to a
polyester melt no later than when the It.V. of the melt reaches 0.3 dL/g,
or no later than when the It.V. of the melt reaches 0.2 dL/g, and more
preferably to the oligomer mixture exiting the esterification zone or prior

to commencing or at the start of polycondensation.

51



of solidifying the polyester nelt. In one enbodi nent,
the deactivator is added to the polyester nelt after
wao b@7ps2yester nmelt obtains an It.V. of at | eaBCT/0SH06/034616
dL/g, or at least 0.55 dL/g, or at |least 0.60 dL/g,
or at least 0.65 dL/g, or at least 0.68 dL/g, or at
| east 0.70 dL/g, or at least 0.72 dL/g or at | east
0.76 dL/g, or at least 0.78 dL/g, and nost
prefefaQ%%, regardl ess of when the deactivator is
added" ¥Heembedimenvhsse yine phesphardg compountitis phided to a melt

manuf =T f,,. at t.Q.68 dL/ g ,or ,a
east ool REriadior brokesd g8 aleiiR stabibripadadd tSthe
2007/ pagedier MET/aB200HHARE Gbbirsd oF RidiRIenS BRSS! bAB Hefore
the deagt.i thor _‘:{_Zegdde_d to . the polyester nelt uring

or aftRidficaions; srCtygion impedediia the palysgaler meltiete in the
under gRj i [ ter

br e SopL e pOPAARRASLATSRA6h Wi o gh MR of the

1 eactfollowingraoaditionsraré satidfieaf oratherazsiter 0 dBBfoldsaldification of

| ess eferably froma |ower level of at nost 3 mm
Hg ort%@@@efge”ﬁe ‘evel of 300 mm Hg or greater, or 450

nm Hg or great ), ther @%)st ,
at nospheric pr ?s)sur ep or g@?ﬁ?gghr%r%fg%rog%wéa%t 0.50 dL/g
before the pol Y¥ster nelt is solidified. In another

enbodi nent, th ivatar .i.s added at a | ocation

near or at thg))g(%g&ﬁﬂ] aé’pﬁf’ﬂéq’ ﬂ?ee%@ﬁ’%%el’)m%‘%ffﬁé’m'& Ipleased,
final reactor amtedeepanillg srutter. For exanple, the

deactivator is added to the |adst polycondensation
reactor at a | GtHttheRolyesier melt ispresentinia meltghasbe

| ast pol yconde I . [ r, 40 pi pe
connecting dir g@fﬁ{r@é}%@tuﬁﬁgﬁ%ﬁsr %d?lﬂg tﬁggposphorus compound
pol ycondensat i aithireadihal readtbr fold@akinB4Ae pollyedidr

- providing the notjve force tq dri vegt herfrérﬂgft thﬁﬁﬁg"ﬁr’

a die plate foPCBULS fisghalgsrraint. obatwests finalireactoednd
back to or progkg t eIy r tom of the
| ast pol ycondengag!t3 iaoc%ﬁtregg%t or ,'@trh%t%&lgg%?gé\e\ PEt to
the | ast pol ycdhildes polyester mesiicis presdritin bsmph pkiogal to
its outlet. By ﬁlroxima.totheo | et of the |ast _
pol ycondensat i BRYFEREEUPN PIqcess, ipdawing aldeastb% of the time
addi tion | ocat f®@mHohvEondEREiR %9 | ess of
sai d reactor or V?At)ﬁ:.wthilngttﬁgsf)ggtéfe{ o%l(rbrrl ess of

e) the It.V. of the polyester melt is within +/- 0.15 dl/g of the

It.V. obtained upon solidification; or

f) at a point within 30 minutes or less, or 20 minutes or less

of solidifying the polyester melt. )
In one embodiment, the deactivator is added to the polyester melt after
the polyester melt obtains an It.V. of at least 0.50 dL/g, or at least 0.55
dL/g, or at least 0.60 dL/g, or at least 0.65 dL/g, or at least 0.68 dL/g, or
atleast 0.70 dL/g, or at least 0.72 dL/g or at least 0.76 dL/g, or at least
0.78 dL/g, and most preferably, regardless of when the deactivator is
added, the resulting polymer exiting the melt phase manufacture has an
It.V. of at least 0.68 dL/g or at least 0.72 dl/g 6r at least 0.76 dL/g..
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said reactor or preferably in the last 10% or |ess of

said reactor. The percentage can be by length or
wedoghss2e6 vol ume of the |ast pol ycondensati oPCT/US2006/034616

reactor. Preferably the percentage is by length or

hei ght. The | ast percentages of |engths, heights or

volunmes are neasured starting fromthe |ast

pol ycondensati on reactor's outlet. In yet another

enbodi nent, the deactivator is added to the pol yester

melt follow ng at | east 85% or at |east 90% or at

| east 95% or at |least 98% or about 100% of the

aver dgeanotheremidigent,dhe dpaetivatords swsidv@tgdme/peb@,@% melt
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| ast bﬁﬁ%sgq?‘?&igﬁer%@y BATL Bwer BGel (ﬂ"c’?grn?tgﬁ 3 mm HI%Z; or Iess to

poly or average resi nce tine

pol yc reensedd®mna eligorcgraates, asrezemm Hg/ongraetm or 600 mm
studi es or nodeling In a further enbodi nen

deact g &r greater, &d@‘éétm%sﬁh?é'cp%??%?é?r 9{'@‘?‘?" WGS?]'@bly

[t.V. hin 0.15 dL/
vvlt t hi b&é é_lg% @ﬁyé@ﬁéh@]’élt@%&hdl dSASt d: ?g, or Wi t%l nor

0.030 dL/g, or vvlthln 0.02 of the It V. obtained upon

have Ingndteenpibadingrt 1 dGaghysjob R 4 gt Hethr or a

obt ai et iPe ﬁﬁ’él'r@bé‘fo? 8f b&iveed thetfinat A3t ctor@tbafore a cutter.
It.V. that 1s O. L/ g above the It.V. obtained upgn

sol i dFéi example, therde;aatlvatnbm@ddaﬁﬁsbfdi\edeﬁpO'YCm?densa’ﬂon

S\Ae? ﬁ,t tl;qs\% T tﬁjggéjtgogf prtoggéﬂ %%%?%?Sﬁﬁé%éf r’hh%‘?%stt g%b/c%PBthétlon
or wéda:tdr dPtoH Pwee@arm@ch@"roawemy &r indhetBstherlabess,

or m nutes or [ess of idifyin the P este
melt paiyeordgnsation ceagtenanst agear py %J@frtprowdmg the

typicald AU Vin it said

Y2 <Pl GRS e Tkt ﬁ?ﬁ%‘% Qe ot

mel t - pipet® ditepleddsrk totlve praximahtz thei cutlet of #ut botitom of the last

nol ded into a nplded article. IL.n the brﬁatfle%t ?ens% .
polycondensation reactor, or to a pipe inlet to the Tast polycon ensation
reactor that is proximal to its outlet. By proximal to the outlet of the last
polycondensation reactor, it is meant that the addition location is within
the last 25% or less of said reactor or with within the last 15% or less of
said reactor or preferably in the last 10% or less of said reactor. The
percentage can be by length or height or volume of the last
polycondensation reactor. Preferably the percentage is by length or
height. The last percentages of lengths, heights or volumes are

measured starting from the last polycondensation reactor's outlet.

In yet another embodiment, the deactivator is added to the polyester
melt following at least 85%, or at least 90%, or at least 95%, or at least

98%, or about 100% of the average polycondensation time. The
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solidification occurs when the tenperature of the
polymer nmelt is cooled belowthe crystalline nelting

wao esopessur e of the polymer. In yet a nore preP@r/Dsm06/034616

enbodi nent, each of the enbodinents identified herein
occurs individually or in conbination in a continuous
manuf acturing process where the throughput of the

nelt phase process is at least 1 netric ton/day, or

at least 50 netric tons/day, or at |least 100 netric

t ons/ degragepogicondassatRddimeis measoresdfday average titneashpsed

300 t [ da t | t 400 t ons/ day,
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pr ef ePSBPPE PRYCORHRTFRION F“?é’& e@ﬁé’ rﬁ?\‘i’&f‘& igte indbe.

180 npoltEsdeisali6s sond 28n 'Eﬁ‘erﬂﬂlb%ure@fbyJ te&cer sQididg@r modeling.
mnutes or less, or 90 minutes or less, or 50 m nutes

or | Wse further iempadieent, e deactivedor is iadded dathe pplyestat melt

t erperRpN A P S SEPaisByrel o B {BoLbaBnthip,0-10
t ar getLig, oNvithin (Y05 WithATOBED dL/ch dr A0 B2 ofithg 1.

prior to.  deactivatjon/stabilization. Stabili Zm@ﬂ
deact PhiginadRAneslidificeiion. rosrexapnplgetie RAlvesipr qa)uld have

mel t o RNas 8haf I8EEPE dER DI %é 1. mh%%at onP&iidhifea®8n, or it
n €ss

that, in the absence scavengers, erate

AA ducmuﬂg haubsedtignthatid 0.1prdidg abong the han dbitsined upon
parti cI £ C\ggul dif the stabilizer or deactivator had

not bEUKIMCEHRRY. Wth late addition of a phosphor us
conpound, alum num alkali netal and/or alkaline

earth nmetal and/or alkali catal yst systens can

pr odulrneyqj(anpﬁiﬁr@mlpnﬂilyleet tlmdeﬂcﬂi@omﬁstaddled\m rthagolyester

ener ati.on _rat a ester W_t hout
Phe pielan it wiide BRteRateSavie 2 Mitfotot BRS o
made Withif 1@OMKRAGS BARIss 26 5 ﬁﬂnaﬁe@airaée\ssto'@ 3thiiutéd 6r Rss of
are not sim| arIY deactivated late with a phosphorus

0

conpotelgifyivei the golyestardnels uE he goligifieatinmef the oelyreler melt

| OV\'ertyHc%ﬁy ngﬁr@vﬂ%}y f8 rlngl\f% ﬁ)r&‘@cﬂhrough a die plate into a water
bath and cut into pellets, or in a melt-to-mold process when the melt is
injection molded into a molded article. In the broadest sense,
solidification occurs when the temperature of the polymer melt is booled

below the crystalline melting temperature of the polymer.

In yet a more preferred embodiment, each of the embodiments identified
herein occurs individually or in combination in a continuous manufacturing
process where the throughput of the melt phase process is at least 1
metric ton/day, or at least 50 metric tons/day, or at least 100 metric
tons/day, or at least 200 metric tons/day, or at least 300 metric tons/day,
or at least 400 metric tons/day, or at least 500 metric tons/day of polyester

polymer in a steady state operation.
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made from pol yester polyners catalyzed by an al um num

al kali nmetal and/or alkaline earth netal and/or
W@bkdalss2s¢/st ens and with a phosphorus conmpounPCHUS®U6/034616

| at e than when nmade from pol yester polynmers catalyzed

by the sane systembut with no |ate addition of a

phosphorus conpound or when nmade from pol yester

pol ynmers catal yzed by a conventional antinony

catalyst that is or is not simlarly deactivated |ate

with a phosphorus conpound. The P: M MR used with the

al um
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the epelygsterpelymess madeawﬁmulmhg@rgmcer@‘ae:cataly@t deactivator
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f i nal not similarly deactivated late with a phosphorus compound. Molded
parts, such as preforms, can have lower free acetaldehyde levels when
made from polyester polymers catalyzed by an aluminum, alkali metal
and/or alkaline earth metal and/or alkali systems and with a phosphorus
compound added late than when made from polyester polymers
catalyzed by the same system but with no late addition of a phosphorus
compound or when made from polyester polymers catalyzed by a
conventional antimony catalyst that is or is not similarly deactivated late
with a phosphorus compound. The P:M MR used with the aluminum and
alkali metal and/or alkaline earth metal and/or alkali catalyst systems
affects the acetaldehyde generation level in particles and acetaldehyde
level in molded parts. With late addition of a phosphorus compound to
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reactor and before the cutter. The manner in which'the
second liquid streamis introduced and the source of

wao b@7egeend | iquid streamis not [imted. For BPXEDF10686/034616
it my it nay be desirable to treat and additionally
process a portion of a slip stream Once treated, the
treated portion of a slip streammy be circul ated
back to the finishing tank. In another exanple, it nay
be desirable to introduce a slip stream (secon
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such

T Gl S o TR 058, 1
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dependi ng “upon the fitness for use requirenments of
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pol yner streamvia_a slipstreamor introduced froma .
f r eshasgesir pdorde extingrthpaaelhpbase fipgldearondl mpydee desirable to

al ter [ ' bt d .

o ERBRIE Ve s Yo AR i S

Addi tb adigald ?whmﬂgmluaf@smfﬂoli@ streamy cdrsﬁsians,ee(rgulsims,

may enpl oyed tq faci|itate m xing the saqli

addi t ﬁ@@qgﬁﬂég‘éﬁr l"ﬁiJ'@%ar%’ﬁiﬁ‘eteﬁ?@“e@%ﬁrﬁh‘éfé'?shgj@%%“d stream

serve I Qi It e X1 ;

o p S BRI RE e R Pha8T B esslat il tdgd Bribft

sl i pssolgifigation, afypreferablydetwveenttoe thttesangtte entny inGnéhe

or nD%iﬁaIQbDL}IIQ Sgl?llmeg?’géctgpm%hnaag a finisher). The second stream may
be introduced after ’;he last half of the residence time within the final

reactor and before the cutter.

The manner in which the second liquid stream is introduced and the
source of the second liquid stream is not limited. For example, it may it
may be desirable to treat and additionally process a portion of a slip
~stream. Once treated, the treated portion of a slip stream may be
circulated back to the finishing tank. In another example, it may be
desirable to introduce a slip stream (second liquid stream) into the
finisher through an extruder or a pumping means from a source
independent from or other than the bulk polymer produced in the melt

phase process.
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al so be enpl oyed to provide notive force to the slip

streamas it is enriched with one or nore additives.
w@piorosRefd y, one or nore static mxers in |iNECTMUSIN06/034616

the slipstreaml|ine my be enployed to process'the

slip streamto provide an additional degree of m xing

as desired. Thus, a treated portion or additive

enriched polymer slip stream nay be generated and

returned to the finishing tank for reintroduction into

the bubke paibodiment, the cdtblydedeactivatdriraa eecnided into a slip
additive ri.c taI st de.ati agr cont ai ni ng

st r eaf AdY tBEe'? %Pm EFleEM REISHNG e, maltpgh(gogggnsatlon reactor
di str bﬁél‘trﬁ@lrddiﬁé@'bﬁck t8We fisl e f‘Qe{JmB{ Bef&?@the

g
enbodi nent, . the second stream may S OP%I St
wi t hi alipsteean isi takem from thierraglt pbiage @heensaxmmmtheeﬁMIreactor

t hrou 2007/ 035256 PCT/ U 34616
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flowthroughaplurallty of channel s hr ough wh

t he sepomihstitneasfargisei rgquirweats @frtbemlyreeran ltShdtlmate
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|nnertmgémehqamstpégmuter surface the outer surface
having an opening for receiving the second naterial,
the inner surface having a plurality of channels

di spogg ? atdlaﬁfvg% 2}%‘@@5 fdlcibiys %‘S gahet) ?ororg':a% ﬁ%t{debae'&%' iRe

of the In co nrca onW|
openi mglteardllopalpmendirpamt \ia aslipstream drdntrbéucdd frein a fresh
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in commhIaY g’gttf)g 'U\t)? ehmg (ﬂlc{1 W%BFR/SJ&%’E‘"] he

| east exaAfictmay8lsblsend id ;Yroﬂ?fde(%\@aaélkléné’[farﬁéuﬁt oﬁﬁ&ﬁfgdto the
pl ate has outlet holes, wherein the outlets extend

f r om 9t steeam. TheexsudenmayHmindine with threskpstieam, mranay
to t hﬂt&gé&r mﬁ)%[eas%st?éar%h%ne or more optional gear pumps may

also be employed to provide motive force to the slip stream as it is
enriched with one or more additives. Optionally, one or more static
mixers in line with the slipstream line may be employed to process the
slip stream to provide an additional degree of mixing as desired. Thus, a
treated portion or additive enriched polymer slip stream may be ‘
generated and returned to the finishing tank for reintroduction into the
bulk polymer flow.

If desired, the second additive rich, or catalyst deactivator containing
stream may be returned to the finisher tank and distributed therein in any
suitable manner. In one embodiment,.the second stream may be

distributed within the finisher or final polycondensation vessel through a
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second plate. Wth late addition of a phosphorus

conpound to the polyester nelt catalyzed with an
wa@bkwmosizee and al kal i netal and/or al kal i ne earpdiI/ns1086/034616

and/ or alkali system it is now possible to nold a

pol yester polyner particles into an article, such as

a preform having free AA levels | ow enough for use

in water bottle applications without the need to add

AA -scavengers or other AA | owering additives.
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part i ehesof théchiinmaly of thieysabepelategodhe Diter surface of the
application. The anpunt of residual AA present in the

pol ye%é@"%@ Arer particles after

“With late addition of a phosphorus compound to the polyester melt
catalyzed with an aluminum and alkali metal and/or alkaline earth metal
and/or alkali system, it is now possible to mold a polyester polymer
particles into an article, such as a preform, having free AA levels low
enough for use in water bottle applications without the need to add AA
scavengers or other AA lowering additives. Moreover, this type of
polymer particles having both low free AA levels and low AA generation
rates without the presence of an AA lowering additive can be obtained to
a high It.V. (at least 0.68 dL/g, or at least 0.70 dL/g, or at least 0.72 dL/g,
or at least 0.74dL/g, or at least 0.76 dL/g, or at least 0.80 dL/g, or at
least 0.82 dL/g or at least 0.84 t.V.) in the melt phase without the
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nmelt phase manufacture is desirably reduced to a | evel

of 5 ppmor less, or 4 ppmor less, or 3 ppmor |ess,
Wor0020ppase or | ess, or 1 ppmor less. Since  PCT/US2006/034616
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finisher stage time or production rate and a

relatively mnor influence on the AA generation rate,

it is possible to significantly decrease finisher
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relative to the no phosphorus case, whi ch may have
somewhat higher It.V. For

Since polycondensation temperature has a major influence on finisher

stage time or production rate and a relatively minor influence on the AA
generation rate, it is possible to significantly decrease finisher times or
increase production rates by modest temperature increases of 2°C and,
with late addition of a phosphorus compound, minimize the impact on
AA generation rates or preform AA. At the same temperature, many
combinations of this catalyst system are more active than antimony
catalysts, that is, take less time to reach the same It.V. With the
combination of higher polycondensation temperatures and higher

inherent catalytic activities, shorter finisher times or faster production
rates relative to Sb catalysts are likely
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exanpl e, the crystallized polyester polyneis obtﬁlned

by the process of the invention have an L of'? CODEGLG
WO em3n3Bsq or at |east 60, or at |east, 65, atPCl/®

70. PET made exclusively in the melt phase using an

al um nunf al kaline earth netal or alkali catalyst

systemw th addition of a phosphorus conpound near

the end of the nelt phase process can have a Iow_

enough preform AA or AA generation rate upon nelting

for water bottle applications, while also exhibiting
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PET made exclusively in the melt phase using an aluminum/alkaline
earth metal or alkali catalyst system with addition of a phosphorus
compound near the end of the melt phase process can have a low
enough preform AA or AA generation rate upon melting for water bottie
.applications, while also exhibiting decreased finisher times or increased
production rates, slower crystallization rates from the melt, lower haze
and a similar or improved yellowness and/or brightness after toning,
relative to PET made exclusively in the melt phase using a conventional
Sb catalyst. Slower crystallization from the melt means that less heat is
needed in the extruder portion of injection molding process to mold clear

preforms; therefore, the cooling time is shorter and hence, the injection
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conditions at certain discrete It.V. values, differing

process conditions may be inplenmented inside or
wouigsesof the stated It.V. values, or the sSPEL/ER2006/034616

operating conditions may be applied at It.V. points in

the nelt other than as stated. Mreover, one may

adj ust the process conditions based on reaction tine

i nstead of neasuring or predicting the It.V. of the

mel t. Ttﬁmgro?eﬁs is also not limted to the use of

t ank TOLIRDPYC!e HMedp degreasedpiahis, énore; clear bhtileusrefarms can

di ff e . . | S, L cessary
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and $oith diatéreshd ©$D\4@aﬂ@@§,/tﬂ§|%%§ﬁg@%ﬁﬂéﬁgpﬁ\%@&?g

wi thout . the addition of an acetal e scavenger
the FYPiARG theegdpensppbuginggen additivelitd remct vith free AA, such as

acet %Inggjq)éggv yengers is desirable because
acet al dehyde scavengers are costly and can be

responsi bl e for increasing the yell owness or b* col or
of the polyester polynmer or decreasing its L* col or
after toning out yell owness, especially when the

i ' i s vell ow.

The ndats Pobuelstohd (3t 16 M pRABUAERSs bndipug Shd reactor

res p§ﬂ@iigﬂ|retl¢nﬁr d%urjibedsa?btg/let dmehilla%t?mfe of a lphate bﬂé@@‘ﬁf@cess,
t ster r. . the scavenger as

Itﬂer %ﬁ?p@?ggﬁ‘?i'?‘{;’ﬁp_}/\% Be% ﬁ'wtﬁdi%ﬂag,l”w&tlve process. For

ef f eekampRESEhIRS rafefb@n ha%”BEQﬁ rﬂ%décﬁ)\’%n%ﬁe% 9f pRefating

Iovverir%?_AA may suffer when the scavenger i's
the FPRGIEPRS af wedajsotiscoatddhYatiatress atiffienvie peoddsd conditions

heat ' v m are appli.ed. The effectiveness

of anfg%%t:é% ﬂgﬁl‘g%e%‘f% IﬂSéCiea\(?éHbltﬁlg%lOf [J[-la)%\é?;qtﬁ% ). values, or the

pr ef stated wpgratinbf esndMis Hy 56 AMSINBE af &.v.aﬁgﬁ% i the melt

nel t #]ha%e manufacturing as"a significant portion o

t he otherthan as stated. Moreover, one may adjust the process conditions
based on reaction time instead of measuring or predicting the It.V. of the
melt. The process is also not limited to the use of tank reactors in series
or parallel or to the use of different vessels for each zone. Nor is it
necessary to split the polycondensation reaction into a prepolymer zone
and a finishing zone because the polycondensatioh reaction can take
place in one polycondensation reactor with variations in operating
conditions over time or in a multitude of reactors in series, either in a
batch, semi-batch, or a continuous process.

Once the desired It.V. is obtained, the molten polyester polymer in the

melt phase reactors is discharged as a melt phase product and solidified
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scavenger nay be used up reacting with residual AAin
the manufacturing process, especially after the

w0 2ov7eses6 when vacuum has been rel eased and pPCDUS1006/034616
solidification into particles. A larger amount of
scavenger could be added; however, this would further
increase costs. An acetal dehyde scavenger is a
conmpound or pol yner which interacts by physical
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An acetaldehyde scavenger is a compound or polymer which interacts
by physical forces or by chemical reaction with acetaldehyde to bind
acetaldehyde and prevent its release from the polyester polymer.
Rather than preventing the formation of acetaldehyde precursors or the
subsequent reactions of the precursors to form AA, the scavengers

operate by binding to free or residual acetaldehyde that is already
formed.

Acetaldehyde scavengers are known to those of skill in the art.

Examples include polyamides such as those disclosed in U.S. Pat. Noé.

U.S. 5,266,413, U.S. 5,258,233 and U.S. 4,8837,115; polyesteramides

such as those disclosed in U.S. application Ser. No. 595, 460, filed Feb.
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anor phous particles; however, crystallized pellets are
preferred. The shape of the pol yester pol yner
w@2007i089266 is not |imted, and can include r ePClI/H§2006/034616

i rregul ar shaped di screte particles wthout |imtation
on their dinensions, including stars, spheres,
spheroi ds, globoids, cylindrically shaped pellets,
conventional pellets, pastilles, and any other shape,

i stinguished froma sheet, film
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punp ofhl 33€), tanel th@tmw welt lgwown adeiakkel'tyﬂe scavengers
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extru %Bd throu h,a die, %@yonal at "a tenperature of

190C ehﬁ?'BPa hd phRolyiner hgwingrasy active medwiene gayp t he
die, the polyester polynmer can be drawn into strands,

contacted with a cool fluid, and cut into pellets, or

the T meliphesa tredysslis ﬁtocessle@to bl’d%sﬂe& foeguch as

d Th | | |
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The number average weight (not to be confused with the number
average molecular weight) of the particles is not particularly Iimited:
Desirably, the particles have a number average weight of at least 0.10 g
per 100 particl‘es, more preferably greater than 1.0 g per 100 particles,
and up to about 100 g per 100 particles.

The method for solidifying the polyester polymer from the melt phase
process is not limited. For example, molten polyester polymer from the
melt phase process may be directed through a die, or merely cut, or both
directed through a die followed by cutting the molten polymer. A gear
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The polyester polymer is one which is crystallizable.
The nmet hod and apparatus used to crystallize the

w@oiogeses polymer is not limted, and i ncl udeGI/US2006/034616

thernmal crystallization in a gas or liquid. The
crystallization may occur in a mechanically agitated
vessel; a fluidized bed; a bed agitated by fluid
novenent ; an un agi tated vessel or pipe; crystallized
|naI| abogve the Tg of the polyester
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the gesials aﬁ@&éw.;@eaf@éue@gé&w ng the heat energy

inmparted to the pol el t phase manufacture
to drop beIowtheT before the polyner is both cut
and crystallized. In one integrated solidification

t echn'llhelpolyehter pobirernis RAYAHER s BYSIENRapIS ﬁhé ‘?ﬁétﬁed and
t hrou f’j-'lét cut at the die plate wunder wat
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of th y

af t ermebiuehabi ¥Rl B of theSRRAASShlymer, preferably at 140°C to
190°C; or any other means known in the art. Also, the polymer may be
strain crystallized. The polymer may also be fed to a crystallizer at a
polymer temperature below its Ty (from the. glass), orit maybe fedtoa’
crystallizer at a polymer temperature above its Ty. For example, molten
pblymer from the melt phase polymerization reactor may be fed through
a die plate and cut underwater, and then immediately fed to an
underwater thermal crystallization reactor where the polymer is
crystallized underwater. Alternatively, the molten polymer may be cut,
allowed to cool to below its T, and then fed to an underwater thermal

crystallization apparatus or any other suitable crystallization apparatus.
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fromthe crystallized particles and the particles are
dried. In another integrated solidification

wo e@idse, the nolten pol yester polyner i s cupCT/US2006/034616
underwater, the particles are inmediately separated
fromthe liquid water after cutting, the particles
are dried, and while the particles are still hot and
before the tenperature of the parLicI&; Fro?ﬁ bel ow
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| t . Vpolymiersandedssinablyewhlie tieapaicls t@mﬁéré{tuﬁ'& iDaBove 1406C, the
uni t3 partlcles are directed from the dryer onto a surface or vessel which
allows the particles to form a moving bed with a bed height sufficient to

allow the latent heat within the particles to crystallize the particles

7

without the external application of a heating medium or pressurizing
means. Such a surface or vessel is desirably an at least partially

enclosed vibrating conveyor, such as is available from Brookman
Kreyenborg GmbH.

The degree of crystallinity is optionally at least 30%, or at least 35%, or at
least 40%. The melt phase products are preferably substantially free of
titanium catalyst residues, and in a direct esterification process, are

preferably prepared by adding to the melt phase a polycondensation
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In addition, certain agents which colorize the polyner
can be added to the nelt. In one enbodinent, a bl uing

W@ 20021033286 added to the nelt in order to reduckCT/is2006/034616
of the resulting polyester polyner nelt phase
product. Such bluing agents include blue inorganic and
organic toners. In addition, red toners can al so be
used to adjust the a* color. Oganic toners, e.g.,
bl ue and red organic toners, such as those toners
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titaniumnitride, titanium silver,

pal | agtaiifng sierncambealippeibrr avwﬁe@x S@&d stating is ﬁ@mmcmly used

put  nitr BEreRER Bk el RRh R Y SRR PEIB i the soli

t 0 t hetstedisicllpbedt leastoB5 LW anits, &nﬁgﬂo&&ypmuycﬂorrso 110 0.5
i ncorporated herein by reference. The iron oxide,

whi ch 1% Lﬂ”f"?éferabl y black, is used in very finely

divided form e.g., from about 0.01 to about 200 pm
preferably fromabout 0.1 to about 10 0 pm and nost
preferably from about 0.2 to about O pm Suitable

f or ms Infadbitiaokcéntain mntmwhnbmtmzeube palymebean beiadded to

be usdie Figlt fin e SRBOG S Btk IsPer 35 bAGedRY 1 e in
pages &8&’[%4%969 ﬁ‘ieglﬂ"eﬁitthe h@é\ﬂhﬁ% olydeter pblyra@pikitghase

1973, John Wle Sons, er conponents can be
added produdie St nguamntﬁr mt:wéieml@@ mrgamlﬁ\?mtqﬂeﬁnmoners

pol ymat SOABPRE ISR o Bt LS B pdIG M RTGH Organic

modi f itenérs, 8. fisee and red organic toners, such as those toners described
in U.S. Pat. Nos. 5,372,864 and 5,384,377, which are incorporated by
reference in their entirety, can be used. The organic toners can be fed
as a premix composition. The premix composition may be a neat blend
of the red and blue compounds or the composition may be pre-dissolved

or slurried in one of the polyester's raw materials, e.g., ethylene glycol.

Examples of reheat additives (a reheat additive is deemed a compouﬁd
added to the melt in contrast to forming a reheat aid in situ) include
activated carbon, carbon black, antimony metal, tin, titanium nitride,
titanium, copper, silver, gold, palladium, platinum, black iron oxide, and

the like, as well as near infrared absorbing dyes, including, but not
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| ubricants, denesting agents, antioxidants,

ultraviolet |ight absorbing agents, colorants,
woemresseg agents, ot her reheat rate enhanci NRCHUS®06/034616

sticky bottle additives such as talc, and fillers and

the |i ke can be included. The conpositions of the

present invention optionally may contain one or nore

UV absor bi ng conpounds. One exanpl e i ncludes W

absorbi ng compounds which are coval ently bound to the

pol ydmhiesd 1thess dschseddn L8 Paterd BpTay&51 which idéncorporated
group, or an end group. Suitable UV absorbing

corrpdiﬁfé's“ it ©fene8F®ml | y stabl e at pol yester processing
tenperatures, absorb in the-range of from about 320 nm

t 0, abthg ird®Bxidenwhizhds @Ir@fefﬁb‘li' blaa:kt lst utsefmhr\my flmély divided
nonextract abl e from sai bsar

conpdafBse fr.dfasp aBpyt %P&JP @@0%390 ﬂlnarprsf%@ lyi@m agzewteo 1to
pref ef Mo'c? hha?n&&gﬁ%fe%%ggwas 6 Qreﬁ%bagt 59 um.

l'i ght having "wavel en rou oftle
wal | Sitablé for(30F ek icors pxitkiicdude, Snuttablnet bimited dal | y

reacti ve UV absor bin nds i n¢l ude stitute

et h.rﬁege e SR TEeUeTIS REBHATLORge Tt Apesth Such
PCT/ ({S44Q6 S
hydr ogen ky ﬁgﬁ@oﬁegqtérg aluﬁﬁ)ad%gr%3 B@gbbgﬁrnﬁﬂd ,

aryl Halmmﬂcﬂxah/bylt, copirighttl®7adJelye Wity ISops, bickeny|
or a pol yoxyal kyl ene chain, such as pol yoxyet hyl ene

Or  POhiHRF LBRBYERECCARY BBAS to ﬁ@:&brﬁsbslﬁaﬁb\f théwaeéseat

sone oxypropyl ene or oxyethylene units in the polyner
chai ringentindtiocrihaoce the perfoopate prapertiascof the polyester

pol yo aIk ne chain havi a_nunber
ol i APt MRl P b AR, bt sBafines. purtace
hydr qgbficarfis, cﬁarwsqﬁ@ agehts, aptigkidahts, altnaviolstrlight absorbing
cycl oal kyl, all of
agents, colorants nucleating agents, other reheat rate enhancing aids,
sticky bottle additives such as talc, and fillers and the like can be

included.

The compositions of the present invention optionally may contain one or
more UV absorbing compounds. One example includes UV absorbing
compounds which are covalently bound to the polyester molecule as
either a comonomer, a side group, or an end group. Suitable UV
absorbing compounds are thermally stable at polyester processing
temperatures, absorb-in the range of from about 320 nm to about 380
nm, and are difficult to extract or nonextractable from said polymer. The
UV absorbing compounds preferably provide less than about 20%, more
preferably less than about 10%, transmittance of UV light havinga
wavelength of 370 nm through a bottle wall 12 mils (305 microns) thick.
Suitable chemicaily reactive UV absorbing compounds include

substituted methine compounds of the formula
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whi ch groups may be substituted; R2 is any radica
whi ch does not interfere wwth condensation with the
w@eioye32e¢ , such as hydrogen, al kyl, substitutkdr/ab96/034616
allyl, cycloalkyl or aryl,; R3 is hydrogen or 1-3
substituents selected fromal kyl, substituted alkyl,
al koxy, substituted al koxy and hal ogen, and P is
cyano, or a group such as carbanyl, aryl,
al kyl sul fonyl, arylsulfonyl, heterocyclic, alkanoyl,
or aroyl, all of which groups may be substituted.
Preferred nmethi ne conpounds are those of the above
formula whergin: R2 is hydrogen, alkyl, aralkyi,

cycl oal kyl, dyanoal kyl, al k?@ 2ky| hydr oxyal kyl or
aryl ; ct ed from):vgf Fgen cycl oal kyl ;
cyclo tedith one or two of aIkyI

al koxy or ----o heny™\_phenyl substituted with
1-3 substituents seR‘eCt ed fPom al kyl, al koxy, hal ogen,
68 WD 2007/ 035256 PCT/ US2006/ 034616 al kanoyl ami no,. or
cyano; straight or branched | ower al kenyl; straight or
branched al kyl and such al kyl substituted with 1-3
substituents selected fromthe follow ng: hal ogen;
cyanoWhereidi ni ni do; gl utarimido; phthalini do;

henyl " suBat myfpBEh K SRR A S ke arv,
cyano, or @dﬁdllqwfs&msﬂiuted/CW&)alkﬁltdrfé)Ré/ﬂlyI @Céwbl@'ﬁk%lkylene

sul famyl ; benzoyl sul fonici mdo; al kyls I'f onam d
pheny| sul f@ifisish aaﬂn@éygny@m{ﬁﬂﬁ/%n@lu@xyrgp@wgaecwlstrn@rs

f K{ g}ﬂkal 0 agéh pt@ln%l%ﬁ'a%w&ﬂwe Way leh8 or Wethylene units in
the polymer chain as a block or random copolymer, the
polyoxyalkylene chain having a number average molecular weight
ranging from 500 to 10,000; '

R is hydrogen, or a group such as alkyl, aryl, or cycloalkyl, all of
which groups may be substituted;

R? is any radical which does not interfere with condensation with
the polyester, such as hydrogen, alkyl, substituted alkyl, allyl, cycloalkyl
or aryl,; |

R? is hydrogen or 1-3 substituents selected from alkyl, substituted
alkyl, alkoxy, substituted alkoxy and halogen, and

P is cyano, or a group such as carbamyl, aryl, alkylsulfonyl,
arylsulfonyl, heterocyclic, alkanoyl, or aroyl, all of which groups may be
substituted.

Preferred methine compounds are those of the above formula wherein:
R?is hydrogen, alkyl, aralkyl,‘ cycloalkyl, cyanoalkyl, alkoxyalkyl,
hydroxyalkyl or aryl; R is selected from hydrogen; cycloalkyl; cycloalkyl
substituted with one or two of alkyl, alkoxy or halogen; phenyl; phenyl
substituted with 1-3 substituents selected from alkyl, alkoxy, halogen,
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S2CH2CH2SR14; wherein R14 is al kyl, phenyl, phenyl
substituted with hal ogen, alkyl, al koxy,

w@bdoansses@n no, or cyano, pyridyl, pyrim di nyl PCT/US2006/034616

benzoxazol yl , benzi m dazol yl, benzot hi azolyl; or
groups of the formulae N NRLI5 II C CH N -NHXR16,
- CONRL15R15, and - SO2NR15R15; wherein R15 is sel ected
fromH aryl, alkyl, and al kyl substituted with

hal ogen, phenoxy, aryl, -CN, cycl oal kyl,

al kyl ﬁkéﬁ%ﬂyﬁnnoabkwéﬁb @s,tratght o@fbre\ﬁ@h&ﬂm\@sé%&yl straight or
PCT/ US2006/ 034616 al ko

ond. Faienises alkebardsetbal #ystiiad waﬁhkﬁgo uipstiuenty sefected

with y

al kyI f %anﬁ%?cPlIOQ\QSQW%Q{ %&aa& ﬁ[}f&;(m’ g;%tbﬁhldo -
plﬂhﬁhmlcﬁ)@ phmaahrrﬁtﬁnhyﬂ*wqehdormnoyolohakweplydanyl phenyl

alk | ani no, E | am no, ur}XIV |

al kox§u %'FU@@Q)W‘*@L%%YU al P’@(JI Q%’b)‘ﬁé{ﬂﬁo’o réAMg f)gmo inyl-

pheno fsHingido;

sel ec%ﬁégm&r S a?,ﬂRTb‘/ SEF%%SYI b%h%iyl ﬁ%héégﬁg(ﬁt)gs)ﬂl?lﬂent S;

and Pphenytsidfon amtdns kmmnylcarbonylammo groups of the formula

N-al kyl car ba N-aI kyl - N-aryl car banyl ,

N, N- di al kyl ca N, N- al kyl aryl car barTyI ,

N-aryl car barryl” N- cycl o- hexyl carbanyl, aryl,

2- benzoxazol yl benzot hi azol yl, 2-benzi m dazol yl,

1, 3, 4-t hi adi g%l , 1,3, 4- oxadlazol-z-yl,

aI kyl sulfQryl, aryl Eul fonyl or acyl. In all of the

above defiRitions the alkyl or divalent aliphatic

noi eties or\ portions of the various groups contain

from 1-10 car@ors; Chteferably 1-6 carbons, straight

or branched c”ai n. Preferred UV absorbing conmpounds

i ncl ude thosel'where R and Rl are hydrogen, R3 is

hydr ogen or a@koxy, R2 is alkyl or a substituted

al kyl, and P is cyano. In this enbodi nent, a

preferred class of substituted al kyl is hydroxy

substituted alkyl. A nost

where Y is —NH—, —N—alkyl, —O—, —=S—, or —CH20—; —S—R4;
S0,CH,>CH.SR14; wherein Ry is alkyl, phenyl, phenyl substituted with
halogen, alkyl, alkoxy, alkanoylamino, or cyano, pyridyl, pyrimidinyl,

benzoxazolyl, benzimidazolyl, benzothiazolyl; or groups of the formulae

—NHXR16, —CONR15R15, and —‘SOQNR15R15;
wherein Rys is selected from H, aryl, alkyl, and alkyl substituted with

halogen, phenoxy, aryl, ~CN, cycloalkyl, alkylsulfonyl, alkyithio, or
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preferred pol yester conposition conprises from about
10 to about 700 ppmof the reaction residue of the
w@eooposizee HO CH C CN CO2CH3  These conpounds, PCTIE82006/034616
met hods of manufacture and incorporation into
pol yesters are further disclosed in U S. Patent
4,617,374 the disclosure of which is incorporated
. herein by reference. The UV absorbing conmpound(s) may
be present in amobunts between about 1 to about 5,000
ppm bylkerighils —QOed, eCaDy, drr BOahant R, fpseltetedfrarh alkyl and
1,500 ppm 70 WD 2007/035256 PCT/ US2006/ 034616 and
mor e aﬁw&w@&i ed ¥itheaiogib Rhenex%rRTYh syanc sesiqshl by
We' ghtcllkylsafaﬁydsal%lﬂi Be%rlra‘/ al@BﬁﬁDﬂdq %(ﬁ?‘{?%‘?émdédmﬁ@aﬁs% can

sed sor bi ng
corrpobadfydrmgerbarms@,dalkéfqd eajkﬁammd)emihylentlmm doylamino, aryl,

S e
pol WTBF\énO)@) éms%ﬁ.ltédmfltﬁvﬁ-g s@ub@ﬁﬁx%ﬁ%béélé&ﬁé 'fﬂﬁ\ ‘éﬂ{aﬂ' %ikoxy, or

reduced | oss of the UV absorbing corrpoun

pl at ebalogandubstituents; ehdizati on and the |i ke The
solidgparticles rod n_the ess

or ef e PAB Ry RevrBARE SR et oM AR G B8 e n
neas uNed-didlky8abahil, 1, NIb!Ryfa?flcaMamﬁQ\l@ngfbdn@yﬁsN &/fclo-

18 ppmor |less, or 16 ess, or 13 m or 1ess,

or 11h9wmfbarrwwryloe bngpamivl EMZOmIa@praTbﬂnZImldazolyl

ot ¢ A T ARegRERF2 Pl d 40 orelEp P, ARG SRy o

mol dedcyrticles. Like all other nmeasurenent conditions
stated throughout this description, these neasurenent
conditions are not required to be a part of the

descr | paflof fat déﬁcﬁle‘ifefﬂt Ertﬁe\,( aﬂ{yl BP?IVE nf %ﬁﬁhéﬁc mojeties or

operating condition are on as a
r ef er padiens of trmbet/mncmswompebbatalmfrpm ymé)rcaibeﬂsmrefmrebly 1-6

The DBRRBR. MGG SR ke Al Shibrs Rbouncs

g escr IRRABBSE WHRER S A k@ A§arobed, RO hjdiRenYr alkoxy,
R?is alkyl or a substituted alkyl, and P is cyano. In this embodiment, a
preferred class of substituted alkyl is hydroxy substituted alkyl. A most
preferred polyester composition comprises from about 10 to about 700

pbm of the reaction residue of the compound

_Q-_:<

CO,CH,

CN

These compounds, their methods of manufacture and incorporation into

polyesters are further disclosed in U.S. Patent 4,617,374 the disclosure

of which is incorporated herein by reference. The UV absorbing

cdmpound(s) may be present in amounts between about 1 to about

5,000 ppm by weight, preferably from about 2 pph to about 1,500 ppm,
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for 5 mnutes apply to CEAST or Tinius O sen extrusion

pl astoneters, which have relatively | ow shear and do
woea07/089256 pol yest er al nost i nstant aneously. PCT/US2006/034616

M ni-injectors have nore shear, nelt polyester al nost

I nstantaneously, and will require mlder conditions to
produce about the sane |evel of AA For exanple, with
same pol yester sanple, a mni- injector produces

hi gher | evels of AA generation after processing at

285C ahdméremreferablytbetnean 6AGT1 @ shd wboan500 @@hﬂb}ihﬁght
at 295C for 5 m nutes.

d ft

oot hoMETLBHRRIA EDPa I GRMPaHAITIANAR0 bR Use: dVidures of
h

or "o 880 o mibre R\ LB iy SomBSlyfts nRyBeile. brddvetP™

PCT/ usec@ma)tmaﬂz abgprhing coepeunds abe pgatted with s, or 4

o R e o o LB P

t e”'peH%b!H nﬁfm\?&ﬁﬁrdc%s%ﬁy lﬁéluéﬁw "%@SHéed?%%Q cﬁ‘ﬁﬁie v

poly nelt resi dence tine of approxi mat el
m nut ebsmbln@@@np@mdadye to platesuti mgi/qumtdeatmm and the like.
prefornms, the injection nolding machine is |ined out

prior to collecting preforms for testing, that is, the

first TRE sdh@barticRiseroti 6 eHe nfélt gihasy ;ﬂ’ﬁbe@tﬁéfé!rably have an
machi ne. Twenty successive preforns are col|ected

from acgwlﬁghad@genesatlﬁﬁ|rate whendneasired at 851G fmdsminaes, of
are r 08Bl briedh SrrtE iy 1os3, o ARG B At Grdess,

r andoot ¥1 pehectleds,tar 1@Oppmfo® lewzobh8 lpphﬁgr leadehéQ;r@é@ss of
ure r|nd|ng and retesting,, if neede

retalg}ﬁollfor fuqs 0

The cHIRBMeRtion deesny K@@ﬁr%mtmme.mﬂtql@ fﬁfr%%'tgrfor5 minutes
unti | \,

cssend Tke Bidiadd AHides. LIKEUNShor igeSuiehdiconditipns stated

in li th:oulghn‘uttmgdeschm-nemeseenqaamfrenmt somtmmnmlammot

re CRREA BRi3 bat Bl e desubeaiPa o opituof fhe polymer or
Wi t hdppufitihg boﬁ&ﬁbﬁ’ Usld e 5m>¢§ta‘eéﬁ h§§tffd?ﬁef= of\fdiBfence to

grindi ng, Sanpl es should be kept in the freezer until
it i sdelenpineovibelser & polymex doBser Q‘Qesmqbpesmmherfeaﬂmee

secont, PAsledd Sr GheMAPot 581 thé pLiiHEds 2RMANY Wade or processed

under the described measurement conditions. The conditions of 295°C
for 5 minutes apply to CEAST or Tinius Olsen extrusion plastometers,
which have relatively low shear and do not melt polyester almost
instantaneously. Mini-injectors have more shear, melt polyester almost
instantaneously, and will require milder conditions to produce about the
same level of AA. For example, with same polyester sample, a mini-
injector produces higher levels of AA generation after processing at 285°C
for 5 minutes than a CEAST extrusion plastometer does after processing
at 295°C for 5 minutes.

In-another embodiment, the level of AA level in articles, such as in a

preform (e.g. 20 oz. preform), is 11 ppm or less, or 9 ppm or less, or 7
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sanples are wthdrawn for residual or free AA testing.
The sanples are tested per ASTM F2013-00 and in

w0 200dosa266 der . Each sanple is tested tw ce | nPGQEUS2006/034616
anot her enbodi nent, the free AA on solid particles fed
to a nelt processing zone is 10 ppmor |less, or 7 ppm
or less, or 5 ppmor less, or 3 ppmor |less. The free
AA can be neasured on solid particles or preforns. The
met hod used to determine the level of free AAin the
pol yepperopleby,mer5 ppongrdess, iond ;j)pxmt Weith esspenetdia @OASTM
# F2013-.00. Thtosf test net h8d gg 2007@035256
PCT/ UBKIBRT 0XENES 18dRO5d yitksam dniefion raplsiings machiste barrel

acet atgiRpy@deureibf @755('3% Q§®°CPQ%da€tra%out EBS‘JC%Q? a polymer melt

bottles, and any other form’the polyester p
corrpoé@&ld@we tirag of arproxiroatefyu? puisetesalr lessmasur i ng
residual or free acetal dehyde, the sanple is tested
according to the nmethod descri bed bel ow. The test

pr oc eSureﬁy fd?lteétﬁ@spﬁrbﬁgeé Bﬁ‘ Pr@fbﬁhs %eﬂﬁj@@h&? ﬁkﬁéﬂlﬁg Mi&&hine is

on a _sanple, whether a orm pel powd
ot her '“?Qﬂ‘ avl riarre calaoiing pFEQID[[@fOOtQSélQQ that fsothe first 30 shots

S | W

egmjpgﬁee dé‘l\%\n lﬁ%}ﬂ‘?gle%ﬁ %@#nggﬁg@%% Qfas%chﬁr%&e pre!forms
mat er agd colleatedafrmret smbl@ c’avﬂ:? nh@IaStH@aaéhegwﬂh B h&;hest AA test
portion is i ghed into a 20-

head- E?ﬁ&@ hﬁt%f 'Crg?'g/eQg the %%arefﬂeﬂs He/@t g randamty s@ec@d to go
f

2;%?’@%@5% five rflélﬁ?e é}%ﬁ%hpﬁj e); ?&lggﬁﬁttg rﬁtc} Qﬁﬁ)@?@b% and

col unh0 ameetamedafbd‘emyéegrlnldmgsamraes’ahg &h@bédw M of

acet al deh epr sent |nthes le is 't
cal cu?%ﬂvgg‘%l ORI KRt Mscigy EB&@%&UB%%Y afeground;

repr eneévert ths rs&ﬁmlé%*seﬁ‘tf alf PASr & %,r rﬁ'ﬂ_r‘lgq reforms atrﬁ chilled

acet al dehyde present in the sanpl sur
acet alndighitbieitrggars Bne entinesprefasm jsrgrbondrep, pbr AsTM F2013-00.

suffi M # F2013- 00

desc rﬂt‘éﬂve bp%fgﬁﬁﬂl{%gﬁ g‘stﬂﬂﬁ & ?ng?'ﬁ'gg@f %'ioé‘lnﬁs apd tyo

f-ur t heampreb tar@ wathaFaws forGesiBMalor free ARf tesﬂﬁéf'/ﬁ‘l@eraqrmdmg,

preform the pellets are nmelted in an extruder

to i njaBRlesshould be kept in the freezer until it is time to test free AA. The
five preforms in the second bag are cryogenically ground, and two
samples are withdrawn for residual or free AA testing. The samples are

tested per ASTM F2013-00 and in random order. Each sample is tested
twice

In yet another embodiment, the free AA on solid particles fed to a meit

processing zone is 10 ppm or less, or 7 ppm or less, or 5 ppm or less, or
3 ppmor less.

The free AA can be measured on solid particles or preforms. The
method used to determine the level of free AA in the polyester polymer
composition is the test method ASTM # F2013-00. This test method is
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nol ding. By nmelt extruding or injection nolding, AA
precursors in the polynmer nelt have the opportunity
W 200c08eré to acet al dehyde. The acet al dehyde gRCIEUS100€084616
rate can be neasured on the solid particles. However,
for purposes of neasuring the acetal dehyde
generation, the sanple has to undergo a second nelt
hi story (where the nelt-phase polyester manufacturing
is counted as the first nmelt history) in order to

det er mingtd m%ajsﬁ?éethfa‘?éve?%ﬂr@le%@l@@eﬁ;ﬁ:ltelhaéa?ﬂclebf pdeers,

arrpe I S apar e or wder whi ch has not
under gmfernas, ekttess aag any Qihl@l formrthetpslyesgsri palymer eomposition

h I t th
P oat BRvASKog SboaRssss 5bhar R 3BE U ATice 43kislishyge, the
tot hga@?mlsqe&éa%&aﬁdwtmqaamo@ dmaribet ddldwel ow,
after Ich the sanple 1s submtted to the ASTM #

F2013-00 test nmethod for analysis. Sanple

P t F th '
ag:? gﬁ‘g h%%é)roagereq%? i&)%rﬁgﬁtzﬁgoﬁae”%@é%ﬁff% é&ﬁa‘dehyde ona

- manuf ggfnples driRmedrus prdbim, pelleepoveddr, ophtateefdraslsrthe ASTM #
seen a nelt hi stor%/ subsequent to nmelt

pol chﬁQé&@Qtfﬁétrme d- SSpelesrEe %‘éﬁﬁ%‘%'@{ grgupgtirrough a -
th

22012 I\@LI etq‘ﬂ@fé&\gltﬁ Lig rﬁ §a‘é€g%2§ flhﬁﬁ%reﬁﬁw rfaterial

pass Qa8 aparticle s Iese tHimaBQ(ﬁi urm Arpczm@moﬁa samfde (Bd6rg) is

e Fvtite & R0k e el S e el 8 150
suffi GQGTQF s &tlf)’/rml‘f‘@i Aﬁ@ﬂ?é’a”’clngaltﬁé‘gas \é’ﬁb\ﬁé‘thessé’ébd tshaiple of

i S nee SO|I -stated sanples, this extended
oven HEérapulgmer & iniecied oot a capllaetyr GCeplamputThe pestaliehyde

l; ts Zr I%qu?qgrg dualgr’gﬁAApBr Yol ;:ialgehg@e E e%géplt s &%\A@a%ple is then

gener %ldﬂﬂhté@sﬂ'hé Q}méﬁntRﬂflalcéfafidé‘rwo% m@ulél%@rrepﬁésrenwm
bef or ehand of nost of the residual (target:

or | essdouritof freg onsesidualracetaldgbyds qus@é‘F iLike %@glﬁom
the pellets. Pellets can be ground to pass a 2 nmm
screen prior to residual AA renoval under the

condi tHgpheesiRingithe Gicatatiehydefgandrativm e onmurefatomse jt is

|t woul d take | on
sufficient to use %hls ASTM # F2013-00 Method as described above
without subjecting the preforms to a further melt history since by-virtue of
making a preform, the pellets are melted in an extruder prior to injection
molding. By melt extruding or injection molding, AA precursors in the

polymer melt have the opportunity to covert to acetaldehyde.

The acetaldehyde generation rate can be measured on the solid
particles. However, for purposes of measuring the acetaldehyde
generation, the sample has to undergo a second melt history (where the
melt-phase polyester manufacturing is counted as the first melt history)

~ in order to determine the level of acetaldehyde generated. If the sample
is a particle or powder which has not undergone a melt step in addition

to a prior melt phasé polycondensation step, the sample is first treated
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and/or require a higher tenperature to desorb residual
AA frompellets to about 1 ppmor |ess, due to the

wo 200g@852p@rticl e size (longer diffusion path)PCPBIg2006/034616
sui tabl e acet al dehyde devol ati zati on techni que can be
enpl oyed on particles which reduces the |evel of free
acet al dehyde down to about |I ppmor |ess, including
passi ng hot inert gas over the particles for a tine

[ ficlant t.h [ I | dehyd
ot nEoshho K. shelEPHiraii bredt B A oS heR RSN, after
devolahich ahé eamplecigRebMitic € teHRUASTIPE FON4 88D t:8PMmetiSd for
nor e r!r?i!flerably, not exceed 160C,. or even nore

pr ef §f5- not exceed 150C. The sanple is then
packed in a preheated Tinius O sen extrusion
pl astoneter using a steel rod. The orifice die is

cal i [Barnple RBreparationg Far tASPWIdsb2Fineds iRy the HteMtehyde
2007/ 035256 PCI/ USZO_%%/ 034616 anmount of material is
pur g FEIRIGHES ANdJhihesaraple rgapwigstuysed gyelysivelyen the melt

I st j j . A
225 O ieegke Rayeohd el st dubchBnt af oBBRe o
t oI hcﬂqwct_tdmdﬁns?jﬁodm'mﬁsg prﬁq?caﬂed atcorking Eﬁﬂhi&ﬂnfe_tﬁﬁtﬁprlior to,

.S, at 0 . Jhe orifice plug is

AR Ry s TR
| ar g@olgh@hhodst RBERALE pasPh SPo §crebH%r§¥%§F%Phea¢§ven at

pushed out of the barrel "into an ice water
ext r dd&t'e undepuacusin §2§-30deatighiwith sad BEFHnidrogeaqragitior at

afr r t] e TM # F2013- 0 est Js

per f g%gé .SL‘H;I }t\'él?%"ﬁh 9\&%9',9@(1@@%93\"%%&@? S‘?‘ﬁj@’ﬁmdwg‘rer

Mel t rétinoval alshe,unEoh id &l tHel fnedded or$8REsRItE Bamples, this
programis initiated that will maintain a ten‘peraPtur'e

of 2§5tENKied Qenitrasimentialsprserves toedeerly torabent hppimosless

7)o pOOSEARh: YN BRHE] LGl Bo-ony

pus heynthesiscind friortiariie jenadtibntestiy. iflcvahave Bt Been

the s le is collected, patted dry, sealed in a bag

and S_ﬁ@@@d@w ehand Gk sist Ghing resitiighgrntargelot Bomoor less), it

e B T e

Mel t griW forpassya 2 inml sereerxpricisioaesiguak Adreh®ival under the
conditions described above. If grinding is not done, it would ’take longer
and/or require a higher temperature to desorb residual AA from pellets to
about 1 ppm or less, due to the larger particle size (longer diffusion
path). Any suitable acetaldehyde devolatization technique can be
employed on particles which reduces the level of free acetaldehyde
down to about 1 ppm or less, including passing hot inert gas over the
particles for a time period sufficient to reduce the residual acetaldehyde
to the desired level. Preferably, the acetaldehyde devolatization '
temperature should not exceed 165°C, or more preferably, not exceed
160°C, or even more preferably, not exceed 150°C. The sample is then
packed in a preheated Tinius Olsen extrusion plastometer using a steel

rod. The orifice die is calibrated according to ASTM D 1238. A small
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instrunment.; however, the Ceast 7027 instrunment is
preferred because the automated functions of this

w0 p@rosszent reduce test variability by mai nt aPei/og006/034616
consi stent contact tinmes for the polyner inside the
extrusion barrel. This particular nodel of instrunent
i ncorporates automated packing of the resin at the
start of the test procedure. The instrunent is
equi pped with a notorized platformthat will push the
mat er arapugtef matenalels rheged butite ottame, ywhish dsithen pltgged. The

bott omp . of t he
ol at PSRRI eBE e BBk Ap72e 6, veight may
al | ovhepliche onftaféloﬁ* tHOpiRAH rddiptoaH?ﬂH HRORIPAISVN inside of the
acet al dehyde. At the end of the specified hol

t he phaftelof e erlymeards heldeatr2958Crfaeb noh. The orlése m@ns then

ft nst ant.

o hesendR fim i bbbt he BBl v 208%EPicPRERf apprator
i n r gwebssref trenepackia ;bmemsmrdfme barreuafd R ece/walPbath,
2007/.035256 PCT/ US2006/ 034616 final extrusion step

Var i abié exuqaie ispaftethdiymeepledyimerbagand plased nwatmeem until
desi QHeQEtSTM PR {£ho lt%%ltlshgﬁgllrﬂ of the polyner is

not automate Ace € can e generated in the
above manner over a tenperature range of 265C to 305C.

[ d b 275C
and 9GS, A EERS TEHop A Ruadula MR Fioar e
e e ?’SRS%*“%“@ S S MRIREHAE R, e,

r epedeaperatuse eiRPHCsanchwill edrudecthaapeltethPET mbterla‘Fm 5
i nventj on,

205C MR A G RAUTREY (el e ipetlin i Srmpionl e

acet ah@taimd@t penks akirafa@ns pLskEdH Bt 8f ﬂh@\(fﬁrﬁ%} fand into an ice
screeni ng ?0| yest er resins for acetal

generéd Bbha’&h heotaMplede goliecteds @@t@wnynsealeﬂ lmaitbflg ahd

pe | PR AR e R PP £ty R e ittt «

process making it ideal for testing Iaboratory
sanples. In the invention, it is now possible to

pr oviAfStaldeyde ean Peogastaied fopglvester pegins witbshedirast Model

Vn\r"elt P%?ﬂ\%ﬂ@la?%ﬁt%&ﬁ'&%‘ FlaPExthbich BRSS!
instrument.; however, the Ceast 7027 instrument is preferred because
the automated functions of this instrument reduce test variability by
maintaining consistent contact times for the polymer inside the extrusion
barrel. This particular model of instrument incorporates automated
packing of the resin at the start of the test procedure. The instrument is
equipped with a motorized platform that will push the material out of the
barrel until the piston is at a specified height above the bottom of the
barrel. The platform will then hold the piston rod in place, allowing the
resin to heat up and generate acetaldehyde. At the end of the specified
hold time, the platform extrudes the remainder of the resin out of the
barrel while traveling at a constant speed. ‘These steps eliminate the

possibility of variability in results from packing the material through the
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processing step (e.g. extrusion/injection nolding)

havi ng both | ow resi dual acetal dehyde and a | ow
waewrabtehyde generation rate. Advant ageously, PCT/I§2006/034616

nmelt phase production of the polyester particles no

| onger has to be controlled nor restricted to the | ow

production tenperatures to produce polyester polyner

particles having a | ow | evel of residual acetaldehyde

(< 10 ppm. Instead, a polyester polyner particle

havi nifnal eKBUSIDE 3D oV arialgldly du fpadiagihe RRIMYEE isfeduged gyith the
ol 1 SRt OF PR oA ff PRV RSl O,

accept abl e throughput or production rate. By this
nmet hod, a robust nelt- phase production process with
W de processing windows is feasible in which the

addi t AOf A gae% mﬁ%@@&ﬁ%dﬁ fEBE8Ie h?arﬂm%? ojeegssary

nor ésira or e use of an
al um tevpeabiiad rangz ofl 265° Cablki15°Ge . THEMOSE 2ONI$eRE pBilts are

por mi SRS BENVGRR AR 350 A00Cact Y5 BRE OLiTG 1B fesin s held

hi gh jhig¥. th@%aﬂ%ﬁ%é\ﬂ@bw@ réd1ftsAl e Béﬁéﬁrk@'ahdoﬁ minutes.

al kaline earth netal catal yst such that the
convefisé pangsf ofdrtet H0 dﬂll’mytee spowsithe best rapeagabilily ansdistinction

as re in the s UgRt fe n r e
vacudrabniBalsals; BACER KR aohePlThyRbBl Safy fr i
”anUflﬂQéhﬁdrﬂQ%PQCaﬁ-ﬂSG mivilited Wdre @isedbsequent nel t

processing, particles fit for making preforms can be

provided to an injection nolding nachine once residual

ac e;ﬁugﬁ_@: ﬂ-,“?%en?efth&? §f§/éeé§$ﬁ%ﬂgo? ?%ngyat*gfl%’aﬁ te%h %ﬂb\ﬂ/g for

very sereehidgelf polyestersesinaforeasstaldéhinyel ge()Sra’SloppMﬂhcmte
obt ai ned by the post - rrelt pha ol yconden tion
el i ni PRRYIBG layge AR Pt BEsT (3%5 Uatigfigssuchrgmolding of

partighas tpﬁéﬁrrﬂgt AlNfk 55 W rgﬁ'hsr@' rﬁa’fé‘ﬂl@?ﬁa@rﬂéjti%d R this

pr ocess, resi acet e present "in the

par t i ptoeess,anéking htedeald’dutasﬂngyabmetomsanmm means or

by a preferred nmeans as descri bed bel ow. The anount

of residual acetal dehyde in the solid particles is

r educkxthbynvengiohit igurasw pbkmblettb arovddé adesd af polyester polymer

pol ynggrltlélgtslrr?andep\a/ﬁﬁgustsse?d WPate po?ymerlzatlon to a subsequent melt
processing step (e.g. extrusion/injection molding) having both low residual
acetaldehyde and a low acetaldehyde generation rate. Advantageously,
the melt phase production of the polyester particles no longer has to be
controlled nor restricted to the low production temperatures to produce
polyester polymer particles having a low level of residual acetaldehyde (<
10 ppm). Instead, a polyester polymer particle having a low level of
residual acetaldehyde and a low acetaldehyde generation can now be
obtained from a melt phase production of the polyester polymer with an
acceptable throughput or production rate. By this method, a robust melt-
phase production process with wide processing windows is feasible in
which the addition of an acetaldehyde scavenger is not necessary nor

desirable, which a‘llows for the use of an aluminum/alkali metal or alkaline
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expensive and result in significant nol ecul ar wei ght
advancenent. Desirably, the residual acetal dehyde in

wo b@7oesd25€l particles are reduced in the sol i dPGL/HSB®06/G34616
a level of 3 ppmor less without increasing the It. V.
of the particles by nore than 0.03 dL/g. In this nore
preferred enbodi nent, the particles are not renelted
and devol atized in order to reduce their |evel of
acet al dehyde, nor are the particles subjected to solid

st at egfH Mﬁtﬁfy’s?@iﬁcﬁ@sltlérﬁ Gl SBiRftsWhe B0varREhéntiof the polyester

advanci ng t he t' he particles nore than
dL/ g. polpmer tax bigkrlb| \BY derctivating theraluminuimy/alkali or alkalme

b
o R A0 PR SRR B
r educddos mcbte)oameégkew'l?/ dethe’suti@@qu@ﬁtttraﬂs@r pipig after the
suitable other than solid state tpoI yer | zation

t echnYapuyedn B@ﬁjbwf_@effé?%ﬁﬁ%ﬂn the meg! ¢jyly manufacturing process
renel %M‘Q(J@% br’sftr)a'gééﬁf ﬁ’i@lt es%?ﬁgn’géﬁlclets?ﬁ tf(zﬁﬂglglﬁ%lpéefoms

procedur & revi 0
pr epacant be prdvitted h@n?ﬁé&bﬂ&ﬁlﬂdﬁ@?oﬁ&ﬁme once residual

PCT/ US2006/ 034616 . AA generation rate_test would be
sui t aBfeialdghyde has hgen e e2f QY)W%Q §§p§lng however ,

on a 3408 68!%&!’( ﬁol?l@sgéleﬂ)olwg ﬁaftl@ s@f%ﬁnr{d@v@ Bw Ievel of

Anot her t ec que t 0 uce eve acet al
in soteswqahametalkiehyda\(ﬁ B ppm)ate abtdined bh the poﬂbme@p@ase-

h 0. 03 dL/ ef d h
e polasr BEnsgian afpStiag of fHelrf Bd@iaerbis, Thdk onoe
acet apslaBre arObblaifedPPorhite asell ﬁwds%%’r@@dctmh process, the

i ntroduci ng the particles into vessel to forma bed
8

.of pafesidsia cataldﬁhvdet peeseasindhe F@mﬁ%?olﬁtfdﬁherrf@dﬂﬁ@d b¥d

&Ege rﬁfghﬁ&%%%%%\ﬁﬁp@égpﬁéggd% a"?} s d ééc?lyeaﬁe?ovoofhe

and watnbdnesfiregidhiaincshedelmard mqhssm:d pariclidads vedussid by
havi n a reduced anount of residual acetal dehyde., In a

gas sechpigiagotssihatiseiid siat Rely&riizatian Rrocesseawhicheare
gas sueh@ARe 4?10‘ Fe%gﬁphélgnﬁeé‘ﬁﬁ%l%@ui‘é(\r WRidH e dRah¥SRbRL

pol ymer  particles eitheF co- current

count Pesirablgthe resicdal aebtadelndetie tlwsmlmfﬂamdes laee tédeed in

bat chiiesDIf ke ia 2 ivel PEd Zors onles: SHfHLBEL At Bedt V. of the

The t Sémabétbvrrﬁor‘éfthéﬁ@.(ﬁ?éugmlﬁ @9y GRste ipréRred®Mbodiment, the

| particles are not remelted and devolatized in order to reduce their level of

acetaldehyde, nor are the particles subjected to solid state polymerization
techniques which result in advancing the It.V. of the particles more than

0.03 dL/g. More preferably, the level of residual acetaldehyde in the solid

patticles is reduced to a level of 2 ppm or less.

Any conventional technique for reducing the acetaldehyde in the particles

is suitable other than solid state polymerization techniques and preferably
- other than by remelting/devolatization. For éxample, the vacuum

procedure described previously as part of the sample preparation for the
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stripping vessel is not particularly limted, and can

range fromanbient to 180C, but preferably from
waedes2s¢ o 70C, or up to about 50C, or up toPEDUSL006/034616

40C, and nore preferably about anbient. The

tenperature of the gas exiting the stripping vessel

w Il approximate the tenperature of the pellets

introduced into the vessel. Thus, if particles are

w15 SBfs o S s WSy Ee s i BPR B RSk B ropdfind Toestets:
exi tingvaves, ores kebeisdtald, & mgseﬁvo@@lade?nacéemevéﬁ ure at
whi ch the nol ecul ar weight of the particles is

advanced in the solid state by nore than 0.03 dL/g.

ot ar VMR ACENFE 16 el inERE| Bl 1 AR i Prticles

and mmutbdvamgw@am?ecm% hrg hit begfmuacz) b@ish%u/gﬁas refﬁrred to
ranges .from O, our to urs

5:? %Bﬁ%%&'@%‘ striprirg. Byitaisigethpgi thedesigial

I ' R .
The qasribabyoRat e BEFHERR S halcch oyt iRyl hapiss into a
of t esggldo fammabetlof partid@s20ithin @36 2&€sel, and contacting the bed

/ 006/ 034616 dr [l et bttostrl
F g; 3 Meﬁ"r'&is?ﬁ én‘ff%fwceti &t ajgasdiow fafg not ﬁmﬂmg 0.15

the SGFVRY%rpeufd bﬁﬁam%b'p%r @881, Hnd ﬁgﬁecﬁgw‘g finisheq particles

acetaldehyde may al So occur In the

ext r {Pan ﬂ'feo\fesﬁﬁihwgiﬁ reduded anount ofsreqadeéleao%aidebyde
feed the dryer with polyner particles already having
3 ppmor less of residual acetal dehyde in order to

redudieatds® @dsping OpekRRM, BYydshsichl aL4ir BREhGhert @B% QVéh as

t he uality of the articles made fromthe extruder.
Mbr e HHEQGEN, 'ﬁ captasied with ithe palyeptes petsnerpartigles dithen oo-
r eqmcgfrgnf& éJJnlt&chngntA‘@ efeP%I%ESHp acg}r}éé:r{t%e gheA,%]ow $Fihe

rocess rea

ci rcpeettom‘s in Hrvesgdl ib Iaecthm)ak ©B batchifdd bbbde@sf@‘ékﬂé@blya
the noisture on or in the partlcl es wtht

secofBa¥RHOUS\RIRESS R bie taraeeradiire\afilae sas 'ﬂ’fl’Q@CGidrintCaﬁle AA
or of o B fodREPRATEt paffERIHY flod. <88k 86 Mlliberamambient to

t hi s 188%&rhut prefecatdy fromesmthierit teVEKOP@ver uip o about 50°C or up

Sgﬁy Ooﬂggl |4Z(,}°p E&Irr?cgjreagarrel)erel\&?/%bo% m%)len’t IvI'lhe temperature of

the gas exiting the stripping vessel will approximate the temperature of
the pellets introduced into the vessel. Thus, if particles are introduced at
100°C, the exit temperature of the gas will be about 100°C +/- 20°C.

The temperature of the gas exiting the vessel should not exceed a
temperature at which the molecular weight of the particles is advanced

in the solid state by more than 0.03 dL/g. The residence time of the
particles depends on the starting level of residual AA, the gas
temperature and particle mass/gas ratio, but in general, the residence
time ranges from 0.5 hour to 20 hours. The gas composition is not
particularly limited, and includes nitrogen, carbon dioxide, or ambient air.

The gas does not need to be dried, since the function of the gas is not to
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tenperatures, |low alum numlevels and low M Al M are

used, it nmay be possible to nmake particles having | ow
w0 e®irdsgbe AA, such as 10 ppm or |ess or 5 ppnPCI/US®8&034616

and to forgo a separate AA stripping step or solid

state pol ynerization step. The residual AA from such

products can be lowered to 2 ppmor less in. the

dryer feeding the extruder for making an article.

Dryer tenperature, gas flow, desiccant type and

resi denyche pellets buit kb stripprasiduahAAdtdrndias pelitsAAf desired,

stripping in the dryer feedjng the extruder for
maki n'SO‘ﬁ% velr thegas may b%ffr@rYJoodi ment, particles having
an It.V. of at least 0.68 dL/g and a degree of

crystallinity within a range of 20%to 55% and have a
r esi ddddile gas estrmpilrwyoﬂacdetelc@lhydé rﬁapplsnmccun iretheadry&bfeeding

26 he B Elos PR =R ara R s SorSp R 2 e
t hr 0%{&1@?&%@@3 AR haViNES PP oﬁ‘FesEQ)tf r@é\ﬂhél%é’e’iaAgehyde

to 180C) tO increase the efficlency
st ri ppm@eratndedmertma gafeﬂOWfUSpdl in éne;dfyem\and(prbmprove the

Jboy, bRl Arids S B RhaRing addifey “BRiover. i AA

f1 ow gifipging protEssadnagdd RMotabhuirsd f stfipltAb @A bR Blegh

the bed, said gas introduced into the vessel at a
t enpeRaiticles Wheikgs iy ardryinorerest, acsraar obdEed airigGirculated

f tol
of r AR Rarkciod Blimeil to BLER I fRHGE BE or Y fle
vessqi»artlc'ﬂbe \nmhrthe Gbeendmrey advahtiigeer disorembeingeSAeThus, in
w thin 0 to 20 hours of their introduction

i nt o 8 U?R"ég PIRGess: agwienAiigaryhe and\prefesablyds used as

vess RRHN

or oaane ARG RICERIH, SHER thislinknIGRERY IO6idIE) A4 fevels

gas fdrematl?rally yagsrilanyswhee siptiatal y:MidRatoxd palycabden}]satlon
._Qr _anbi en ressure. The | eyel resi dual,

acetg (RIHIESe { rﬁ'ﬂuﬁh@’ %}getl KZN Mﬁj@&e used, it may

par t ifgd gSssilfle 6 ﬁfaﬁ(e%’éﬁcl@sm Ié\ﬁ?ésldl%l BAp s 10,ppm

g Py
| ess, or 2 gm or |ess, ppm or | ess. evel
of rexilesmer @@ﬂamujl@ﬁy,dengrtéﬁ@r@p separete PArstiippieg steplor

:rgl : r%%hats“tétg Fﬂoﬂﬁngﬁfﬁ%ln S%E).e ICI'h%er'ers]%uaP,z\ﬂ'flr']éerﬂ sfurcP\ progucts can
be lowered to 2 ppm or less in the dryer feeding the extruder for making
an-article. Dryer temperature, gas flow, desiccant type and residence
time will impact the efficacy of AA stripping in the dryer feeding the

extruder for making an article.

In an embodiment, particles having an it.V. of at least 0.68 dL/g and a
degree of crystallinity within a range of 20% to 55% and have a residual
acetaldehyde level of 3 ppm or more, or 10 ppm or moré, or 20 ppmor
more, or 30 ppm or more, or 40 ppm or more are fed to a vessel,
preferably through the upper end of a vessel, as hot particles (e.g.
100°C to 180°C) to increase the efficiency -of AA stripping and form a
bed of pellets flowing by gravity toward the bottom end of the vessel
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phase pol ycondensati on and deactivation/stabilization
of this inventionis generally 3 ppmor nore, or 5

w@pwross2aore, or 10 ppmor nore or 20 ppm or POI/ES2006/034616

30 ppmor nore, or 40 ppmor nore. In another
enbodi nent, the difference in the residua
acet al dehyde | evels of the pellets entering the
stripping vessel and those exiting the vessel is at

I t ] t | t 4 t | 7.

a1 cuBi8 B0 opteGiumeRt TRy AT HIED SormBEn:aih S Pated

The gﬂﬁoﬁgﬁ‘ tmaebéd‘,tsra‘iﬁjgé@qnirBE&éd“iﬁtd’Mss@Vataé‘Yem erature
al uch as by a bl

conventi o means, ower , fans, pu S,
and t randing&onmanabigas congition®to ¢e°C,aurfroenambdentrio 40°C, to

countegrcurrent tq, or across.the flow,of rticles .

¢ hr oubere i etucedng el of Bl A OF 3 BRicesanfiRdyge into
the bah @dssfr The bafidds alcOMEEERTFEthd 0esd® within about 0.5
particle flow through the bed. The gas can be

i nt r otfud@ hogrs efripein d¥radustipoiinio the conatereiyrrnt stream of gas.

par ¢ 1 Y1 8 VeSS a5 bEESE iz, % Brlehy P87 blesstifige
t o t hexosstdsl the Predseir@lloatet fongéife g floslu Thieoresgel it
is to the |lower half of the bed hEIn%%t in the vessel,

and nﬁ?@rﬁﬁlﬁﬂﬁ?%‘?@/aﬁ abeuD-p gpig. of ANYYeNiPreseen 35256
PCT/ US2006/ 034616 of the bed height. The gas fl ows
through at | east a portion of the particle bed,

pr ef elThbligvdl bf msjdusdackadddhyae presemten %nafortdretheestripped

nor e preferabl t hrough at | east 75% of the particle
ped vBRUIES Regiably 5 Hiut oslsee. pos PrsEr (635, fia2 pbm or less,
| nvenpt 9% nSHR 165%. afHe le]g/@rg@gst u‘é¥é€@calo%'ﬁ‘}gg'gr§gﬂﬁrbn the

Some gases are nore prefer an ot hers
bei ngpasgiatfid fed o e abippingndssehaitenpeiogvobtained fiom the melt

e 8, P 5 A, S ern
was bgbhérefigl 3topth of RforeUses %brrﬂbﬁ FR8E brofSp¥@Sor more or 20

requi red in operations which pass a hot flow of gas
t hr ougRMeCIbBEres Or BArAMNG 08 snaie, Pehd Ppat of Borebbyanatbec,

o oGP B g A0 R PSRRI Bvels of the
resul pelgtsientarivlg tat sliissing eesselemd thbse exitinglibe vessel is at

ot herwi se_occur between nmany pol yester polynmers and
t he o;@@égg AP, Sxist deast 4i ppm, or at least 7 ppm, or at least 10 ppm or

20 ppm or more, or 30 ppm or more.

The gas can be introduced into the vessel by any conventional means,
such as by a blower, fans, pumps, and the like. The gas may flow co-
current to or countercurrent to or across the flow of particles through the
vessel. The preferred flow of gas through the bed of particles is
countercurrent to the particle flow through the bed. The gas can be
introduced at any desired point on the vessel effective to lower the level
of acetaldehyde in the particles exiting the vessel as compared to those
fed to the vessel. Preferably, the gas introduction point is to the lower

half of the bed height in the vessel, and more preferably to the lower %
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However, by keeping the process tenperature |ow such
that the gas exiting the vessel does not exceed 190C,

W@2007/089266 di scol oration is mnimzed. | n one PCT/US2006/034616

enbodi ment, the gas contains less than 90 volune %
nitrogen, or |less than 85 volune %nitrogen, or |ess
than 80 volune % nitrogen. |In another enbodi nent, the
gas contains oxygen in an amount of 17.5 vol % or
nore. The use of air at anbient conposition (the

COMpQFitthd BAJ ﬁfevghh eTﬁe fga@tfldmethm@ﬁ aisietst aDponﬂmmcbf thbepartlcle
vessel is |ocated S no

pur i ftiegd prefsrtheméwqmat |9@§1i 5%)6@‘9"“%%’0‘?‘{5}??%%4; mqrg Qrgﬁarably
throy rd)ugFltatQ%ssﬁ Zt%lyegf W Bdrficib B Al diuman Rﬁ}' Yais ¢ sUftable for

deS|r necessary to dry the aif “since
obj eqlselifi th@invertve, suwhtas aiemadlaorﬁ dumada ladptrogen. e§ome

f end e ase aire AReIPrTeG! Bah ey i Btendd 1Y fyBiable and
s Sn%ge}vﬂflgl ﬁ\évag%%"t BYR éu%p é @ﬁé ﬁsé of aF?ertHéFﬂ%rﬁnm%@%ﬂ'would

havi an |n inlet for th
pol ydsagto pighlficant qnmratmg esst mprmamentSf lir\NaEhbd@I@d that the

and an outlet f th

R L N e e e g T
gnd Essb%hﬁ (SU?‘H @Beﬂ"@ff ﬁ‘cﬁe@é‘ﬁt’eﬁipe’#ﬁ@ré’@ébb@@ﬂ%‘?@m@s in
el o as out | e and the particle inlet,

pr ef ea pheheatdridr solid-stater, chﬂcaese altgen indnerdirihesexidative

PCT/ US2006/ 034 t

of tHEAGUNI e %‘i]%f'q ﬁ'e‘gﬂifg deﬁPE’{SQ\%'pwpu mﬁnﬁ)hedgpﬁg?\tﬁnstgﬁcgccur
out | efetiReAGnARMEEIJestoe pbyars ol theexyges il ambient gars.

is deS|rabIgM|ntroduced into the bed th|n

vesseoweveih by kespingrthamrecessde Mpasaijirg, oW BHEh ﬂﬁ#éhe gas

| ower' /... of [

bar 1 At ielesBEF 0 fI0f ookl o pHRiEREbiscolefation is
Vess efninimittdI0MEoRY entioalitntnt, thee h® cootairentes$ thare90 volume
vessel , while the gas preferably untercu

to t h% irPEeni Bess thaﬁ*efi%m‘ym é ‘P'iﬁfsaﬁn ﬂ’fgefj% %%$Q¥° ume
acculmé ﬁ{rSQan d b%n%ﬂ?erveqﬁﬁﬁlhn{e‘ﬁt fiAe '@a% dREhifs oxygen in an

part art descend down t he
| engt bmotint hfe‘méwal% darynmeaifheyisemftau’eatfamb@ﬁéQOmpOSltlon (the

articl tl et
Eei gh@oq(agg%lg@ne i ﬁite( %gg oet E)Igm s(.]l{e ct)r;] GniGrae Ves-ggﬂsqggated), or
air which is not separated or purified, is preferred. Desirably, ambient air
is fed through the gas inlet. While the air can be dried if desired, it is not

necessary to dry the air since the object is to remove acetaldehyde from

the particles.

Any vessel for containing particles and allowing a feed of gas and
particles into and out of the vessel is suitable. For example, there is
provided a vessel having at least an inlet for gas, and inlet for the
polyester polymer particles, an outlet for the gas, and an outlet for the
finished particles. The vessel is preferably insulated to retain heat. The
gas inlet and the finished particle outlet are desirably located below the

gas outlet and the particle inlet, preferably with the gas outlet and
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but is preferably at a substantially constant height
in a continuous process and is at |least 75% of the
wheioghss2ed t he vessel containing the particl eBCTMUISI0061034616

the stripping zone. The vessel preferably has an

aspect ratio L/D of at least 2, or at |least 4, or at

| east 6. While the process can be conducted in a

bat ch or sem batch node in which as the particles

woul d not flow and the stream of gas can be passed

t hr o RGRIGR inlefelping towsAithe e of Weamssal are theogas imet and
P ¢ ToeiioB (Bl e oBHNbAiRg AR e UM BF R NSEh b€ gas is

]E odt Idemrﬁblmnﬁl‘mﬂmpdr@;odhe bgaldtvlnﬂ‘iln alfcla Vb%@@tbb@hﬁ%d@* rﬂgre
tot \ A suit e S Qw rate I ntroduce
|t o PRk S BPOu e uey %goftthgia@eme@at wihia the vessel. The
t l;
por 'p@ﬂldl’és ér'é%r@?ér&bl?olstrr fifc SatQHS tc‘é}i‘é‘bfgl%\%%% L dnt% HBle by

to | owner anmount ua ac
part Qbﬂl\&tav testhe bajomias theyee:telawhlle:ﬂmgamird‘feratﬂm&@ms

t { E f
. SRR B 7 o . B,
h f t t
ou s e o 54U SN B Vs pricis

m nus®Wsdesgendodown thelesgtioolibe vesEsl byogremtyltesz fmlshed

0 SORanBE b4 P, 5l e

suf f bat lsmréﬁerahlﬁlwat a s@ib@t@tluwl@@@ﬁéﬁf Nei§AEINS continuous
consunpti on ans bl ower s.

Mor eBIRGESS |3t“d 13 ahkﬂas‘[ a@& r@ﬁeth@‘gjﬁdmﬂ}e vessel chstaining the

2o PR SRR THE AT B ¥R g e

or btiﬂmhldD d)frt&st&mésblﬂ ec bt least 4_1_%@1 aiaéda?/clﬁ aWHile #e pldRess can
use | S | ow r at es. € gas owrate is
oo o B2 sBndlciEH T RPiE Ak sori Rateh dnads Evichrs thetparticles

hi ghgbuldast fowlon é\@tré’ém'bibggﬁ%ﬂf orﬁg?s'éoth&eg)ﬁ%@\ged of

or even not higher than O every on
pounparditiesgh any elireption,i thé gsoqess ik q»mfere_(my icontinysLeciasshich a

O R A AR A BTt et e
and fisisRy® pafich! @htfe BxdRe \H&kﬁcﬁe&@@ﬁe@&oﬁhé vegggucti on
costs low are to introduce t
A suitable gas flow rate introduced into the vessel and passing through
at least a portion of the particle bed is one which is sufficient to lower the
. amount of residual acetaldehyde on the particles exiting the vessel as
compared to those introduced into the vessel. For example, for every
‘one (1) pound of particles charged to the vessel per hour, suitable gas
flow rates introduced into the vessel are ét least 0.0001 sfandard cubic
feet per minute (SCFM), or at least 0.001 SCFM, or at least 0.005
SCFM. High flow rates are also suitable, but not necessary, and the gas
flow rate should be kept sufficiently low to avoid unnecessary energy
consumption by the gas pumps, fans, or blowers. Moreover, it is not

desired to unduly cool the particles or dry the particles because the

82



gas at anbient tenperature, to feed particles within a

range of 150C to 170C into a vertical cylindrical
woe®3mess2ad an air flow rate ranging from 0. 00RCBUSM0¢/@B4616

0.009 SCFM per 1 | b/hr of PET. The size of the vessel

is such that the residence tine of the pellets

averages about 0.5 to 20 hours, or nore preferably 3

to 15 hours. PET sanples catal yzed by the |evels of

Li /Al studied desirably have |ower peak tenperatures

f or cohivement af eitmengrdwte obthase dbjmhvelséyma[ly rqanirep the

th th t d

that Usher gt 7% ot Fateso THE &R0 FRERs Arblefa ot 8hF higher
sl owahan Bl 1ECFH, )b‘i"h@t highat t thyh 0.30eSCFRN; @ﬁhbhﬁugﬁér than 0.05
can result in |less haze'in nol ded artlcles [ik

pr ef GFGEM, osemnotdmgbemhanzchm &ﬁ:ﬁl\dtf@rse\fermmnler{ém@und of

enabl e t he extruder barrel tenperatures,
whi ctﬁaﬁg‘?%w{?fﬁ alﬂeﬁgiﬁgﬁort er cooling tinmes and

result in shorter injection nolding cycle tines.
Converters will value. the productivity increases

assocdPpiinedl ppeess enstitians tejrBiImMES Qﬁwfﬂloﬁlgrea@y‘é'ﬂ%
ti "esdljgg?cgra a0 Fathtaif tri%y.ze. ﬁepﬁhlcﬂal L] dthofd MR

of 4 n’dl es cat and Al
| evelaetdidehyeid whild keepingutiie ppmiuy:tren icostsi Iow are to introduce the

cr yoGEI LA GRBPTRER ISR RS GHBGL A daRspT T50°C to
t ha”Jg@ﬁg?@tg%PVémeé nﬁar.é/ZPV%QQJI/ eﬁ%'?_hze'i_’iﬁflow rate ranging from

PCT/ 34616 T e sanple [ onest
- al so hG.2 SAFAM QEOML&@FM p@h‘o&qblhmeBET ad (H@CBIZ%[Déthe vessel

Anot her ed exper '

par er? ﬁléééﬂ)aq@é‘? ree%)f‘-”)efﬁi'e &n[ 3@?‘*"%?\8&%@6&&5"%.55&20
MR ( Thowrs, dr@ﬁmf@{ef&rabl@@%%ﬁ@)urs and P:M MR (0-1),
where the phosphorus source is phosphoric acid. The

Tcc ranged from 150 to 161 C, with an average of 156
C. At aLi:AIl MR of 5 the Tch2 decreases much faster
V\AthlncreasmgAl levels fro ppmthan at a

: AlPRsampies gafalyzag bydbe @/@é%of k'mlsstwlféﬁ &asiablymave
t he GbWEF AhAl &Ph) SHBelr8E Forf rPEBafiBStion upon cooling from the melt

(Tec) than the Sb controls. As T decreases, this indicates that the
crystallization rate from the melt is slower. Slower crystallization rates
from the melt can result in less haze in molded articles, like preforms.
Slower crystallization rates from the melt enable the use of lower
extruder barrel temperatures, which in turn require shorter cooling times
and result in shorter injection molding cycle times. Converters will value
the productivity increases associated with reduced injection molding

cycle times.

Per Table 4 in Example 2, at a fixed Li:Al MR of 4, PET samples
catalyzed by the higher Li and Al levels studied at the lower
polymerization temperatures studied have lower peak temperatures for

crystallization upon heating from the glass (Tch2) than the Sb controls.
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glass is faster. Faster crystallization fromthe gl ass
is desirable in thernoformable tray applications and

wo e00708R50 producers who crystallize anor phouBCPpER1006/634616
optionally prior to polynerizing in the solid state.
The particles of the invention are directly or
indirectly packaged as a bulk into shipping
cont ai ners, which are then shipped to custoners or
distributors. It i-s preferred to subject the
cryst dheisaewip withitee inwess Tamyalsp hes edargaamaountat phosphorus
descr%&ggdgﬁéein wi t hout solid state polynerizing the
parti ‘any point prior to packaging the
particles into shipping containers. Wth the
exception of solid state polynerizatiaon, the _
par t i dnetherggsisaed @xpetdment (rangessivendn seaentheaes) varied

pr ocesgsi t kA 1} . _5QEO

St ope2REffutlEhs (G0 AR ERALNR P2 B BeRAGRE FEys 20570,
shi ppang PoVaviRI (810, wheee the pHusphbrus sowropliephosishorteacid.
rail C;H:Is sem -tcgfact of_trailer containers, Gafyl ord ]
boxes | N&Hiep rAIGSTOH 15hp &, Witheaeveragaeicpq €. At a LitAl
used {MR bf 8RBYL, dddrasafubr lf%{&élt Wwith Fﬂ'?c,rr{eégihg%.tl%\leqs from
custoner. Custorers are typically converter entitles

who ctdiedd pphethasrati allédl MR of pref orns or ot her

nol ded articles. 84 WO 2007/ 035256 PCT/ US2006/ 034616

The shi ppi ng containers contain a bul k of polyester

}00| YRS TRAIddcPdfses, this Hiidates HERites ¢ sYé]!iéH’[%nqiaté‘f]rce)m the

east 3 cubic nmeters. In preferred erbodinents, t
bul k @lass iefastarpbasigr coystallizadion doo the glass s Heskakle imt

| east i t - at |east. 10 cubic neters. In, ..
one. BB RS faf poBloeBbos ERBof st R fErs b statize
pol y n@morgtiusi paliets d(s}mdm FoP#EpagMerizing inThe blid 88RE,
0.68 dL/ g‘?m{)r %70 L/ g, )c/)? 0. 72 gL/g, g‘r 0.74 dL/g,

or 0.76 dL/g, or 0.80 dL/g, obtained in a nelt phase

pol ynerization and a residual acetal dehyde |evel of 10
ppm of he pegiclesoef the ifvantion@re Idérestly ahindéently padkaged as a

57 2t BT MR, EdoBlhcts PR Bra IR Spibfed T SRORers or
?ﬁ(ren mgiegﬁndz)rfgaffﬁg Prefep@y t6suject BRSErySRIIMRE pdHasied t&Bny
process embodiment described herein without solid state polymerizing
the particleé at any point prior to packaging the particles into shipping
containers. With the exception of solid state polymerization, the
particles may be subjected to numerous additional processing steps in-

between any of the expressed steps.

Shipping containers are containers used for shipping over land, sea or
by air. Examples include railcars, semi-tractor trailer containers, Gaylord
boxes, ship hulls, or any other container which is used to transport
finished polyester particles to a customer. Customers are typically
converter entities who convert the particles into preforms or other

molded articles.
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polymers. Preferably, the polyester particles in the
shi ppi ng contai ner also have a degree of

w@eopsozd2bé nity of at |east 20 % preferably atPCBHES1006/034616

30% and the particles also contain a nonzero |evel of

an al kaline earth netal or alkali nmetal, along with a
nonzero | evel of phosphorus. Mdire preferably, the AA
generation rate of such particles is less than 20 ppm

or less than 18 ppm or less than 16 ppm or less than

14 pphhe shippiegcontdinarsidnaima oulk of pelyestar pplyrpenpadictes. A
the particles have an L* FBri t ness of at Ieasft Sg,

or atPylegssumes aolupe|of gk aég, CHS'W@& rs7¢) PEFSHP

| east o 80 ditferfd, C}héw iﬁQhe%ﬂﬁ)dir?g:&onﬁéirfe@@\ée@ﬂeé%vabﬁne of at

particles are esirably contained in a shipping

cont aleastr5 cihis imetess, @r ableast  Aeubjsametarfes have not
been solid state polymerized. By "finished" particles,
it is meant particles that have been subjected by the

partiglghe %BHB%M{) ferd & @olidetdiniiaeessiyeger polymer

condi tions needed to produce a particle ready for

f eeﬂ! Wib'ﬁsg!wman noppeedt ¥selai laastd.GB oh/a qu-m dl/g; or
macni i i . .
e 9520 14 010 P LA OB P2

f urt hefadty pEIpSBliRsticH ane apesidoanacbthiehhee leyvat bf t0@pm or
manuf acturer. Articles can be forned, gromthe el t

phas eleps.cIeftSPRIP ngss; sBiRreiRtsalh RAMICRhFATBESING ARR{uminum

to th of sk

2007/ '%gg'z’gbanp%}l’bk&@%&/’%ﬁ?ﬁ%&“bﬁ%@eﬁ?ﬁ%E’\@t“s’ oratleast 10
opt i Opilaﬂln!, wr g’olbiadt 5 gpm, po by least 2@ ppnwibiaskdanethe weight of the
crystalli t f talli.zatiop. of .
Tyt o0 o el el 9L Bl Florvamer
and i gj j ' i

1, FABYELED LT AT of Xl o e
bever 30%; andftoe gartintes alsoeosiaina onzarhlave! elan alkaline earth

i njecti nol di.n r .a machi ne for r el '

I e o Sa BB Fo L T o pyERRcEsT Ypore
form E_Eéfeﬂdﬁ)ﬁ/, id ARl Gsnerafork RAVGT aneh baslokskeisdass theino20 ppm,
extrusion bl'ow nol ding, nelt casting, injection

nol di nylesa than 18 pemsirdess heaskd prny et lessihany14 AR ergdess

(SBM that‘nh'ﬁé gBrfn?rOMe%%’thgﬂthgb?n,l ddtPihe particles have an L*
brightness of at least 55, or at least 60, or at least 65, at least 70, or at
least 73, or at least 76, and lack AA scavengers. The particles are
desirably contained in a shipping container. Most preferably, the
particles have not been solid state polymerized. By "finished" particles,
it is meant particles that have been subjected by the particle
manufacturer to all the processing conditions needed to produce a
particle ready for feeding into dryer hoppers associated with a molding
machine or directly to a molding machine used for converting particles
into articles, without any further processing steps performed by the
particle manufacturer.
Articles can be formed from the melt phase products by any

conventional techniques known to those of skill. For example, melt
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Exanpl es of the kinds of shaped articles which can be
formed fromthe nelt phase products and the pol yester
w@ologmeR2s€onposi tion of the invention includePGEs1006/034616

film packagi ng and contai ners such as preforns,
bottles, jars, and trays; rods; tubes; lids; and
filaments and fibers. Beverage bottles made from

pol yet hyl ene terephthal ate suitable for hol ding water
or carbonated beverages, and heat-set beverage

bot t | gRasdipicidbs, BPﬁomycﬁdng shateaichgasrixdd, athieh ardotystallized
filled into the bottles  are exanpl eoz of fthe types, of
bot t | tssa weDese efraystatizationaf atleastk aprle tE8doFeMaghing for

the invent] l. es. of fr r '

qual RO RRRng A R HE R Reh R SnaRaE Buth 2

for npldfoEnasiitable forarmaeh blew fio)dinginto deveragesar fodd

pol yester polynmer particles, having: . alumnum,.

' es! daeateingranimmasaineronBiealiondupdings %2 MRRANe for merely
met al i i .
et B0 YoM g AIPGARALESE! S pselagor orming
and atheesitidies! are kebaindaityidelude\esttrusfon] @xprpsioorblowseolding,

d | acki Oor gani ¢, | dehyd 8
20071 DPEBPETNISHODERORNS: 8 Mok I R B GogP oREEh Rl
zone ;ﬂ[&ﬂgiﬂgg]‘sw@i {HRmBRSThiitg &hd efiem @ nol ten

pol ye conposition; and. (ii) form ng an
article conprising a sheet, strand, fiber, or a

nol de art fr the, nmol ten pol L4

T 2Bl e 5, BB BS GHETRh Hymbd rom e

parti ghae Ms‘é&%@@dctsi dhd he geydst@hssigmer eonpaeition of the

hi gh i_t.\}.j_ and are provided as a suit?rggl e feed to the

nel t prveptesingiudeakesty fiminaskaaipgRndeeniaibesaych as

acetal d e ] ow, d d nesatjone

o o SHES. el 1 S0 BB PR RS RIS R E R frs anc

the pabbisc! BevERQ ISottibentletfrom polyethylene terephthalate suitable
for holding water or carbonated beverages, and heat-set beverage
bottles suitable for holding beverages which are hot filled into the bottles
are examples of the types of bottles which are made from the
crystallized peliet of the invention. Examples of trays are those which are

dual ovenable and other CPET trays.

Suitable methods for making articles comprise:
(i) introducing solid polyester polymer particles having:

aluminum residues;

alkaline earth metal residues or alkali metal atoms or alkali

_compound residues

phosphorus residues;

a degree of crystallinity of at least 20%; and

a residual acetaldehyde level of 10 ppm or less,

and lacking organic acetaldehyde scavengers
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processing zone. In this enbodi ment, the residual

acet al dehyde is less than 10 ppmor can be lowered to
wo e®3/os2am 10 ppm acet al dehyde by gas stri ppi POI/UR®06/034616

particles produced fromthe nelt phase production

process. Further, the catalyst deactivator added | ate

in the nelt phase at least partially inhibits the

catal yst residues in the polyner from catalyzing the

conver si on, of | dehy.de precursors, to acet al dehyde.
In this erﬂlggod?ﬁé‘%{ Srqcﬁgx'ﬁgn‘{’f‘@laé@ metiingghe partigies to form a
processi ngmahee p@ry@st@rp%ﬂﬁﬁé\bédfnaggiﬁaﬁ}léﬁ gt ate

es nade by

pol ynmeri zed. The pol yester partic

nmel t - phasegijpnl b Sq : Il surface ta.
cent er rmle(galgul Zfrc’%ﬁ@i gﬁ?ﬁﬁ%ﬁ‘{'&gﬁ@ ﬂﬁeaeg,rggaqctg@er, ora
I't.V. | ossmalgedmarhizbm theoneltesi palytieaconfpoeritiont i onal

pol yesters. For exanple, bottles and/or preforns, and
in particular beverage bottles such as carbonated

sof t|drthiskerBiodiRichE, thd %Eél)@z%o%cﬂ%g?(?f p@&ﬂ@éitp%?ﬁecp%% produced

particles of the invention and t
bet welBihe mel phage are made fma thigh B/, amd dreerdvid¥d efs 4 Baitable

r ef d I is not nore than 0.04 dL/g,
P ot dedR o RSBl chabddelio £y HEVRS bialh oy Eesidla
5 s o e B Sy o
or gadl" Ese%&%%%@’%w_@%m iﬂlr’[bf;g};aaeiﬂrililg'sa 1:etd tgl tQ;a rgtelt
i ngr ; :
T8 S 0 b e i

acet dhatenhy gppmsoneampeisweRd WRSOMEANCAPEES acetaldehyde by
The anmount of AA in and/or on t%e

PCT/ USZ%?6/ 0349%92 ]

mol d&4S SRR theypapislesyedrert figm theThelEpbase peodurtien

| evel i : ' .ppm or

| oog ProuestAPUMIRING tafalfel (kb r ikl Tatd iR IHG, Blatt phase

| ess ahlpastpstiiadyl inhibitsather etalysh resldied initidpalyRrsriRIm

te e f 285C and resi dence time of

ooy S BleAoiart8 of sESElaR de aren satkde aoataidehyde.
ar t ircthes ehbothan y . o

i di ng_bar OFithont, PKEpAtERsTod o ML IlohrBloddid EbhE tre

Spec PraTerably aelsalig-siatecpolymedred.t Thmpolyaster partied 8izele by

gg'ezﬁel‘l’té@{é%\é'-&ﬂy SORERs Hle & RS WS c\éﬁ{el#ergoleéular
weight gradient and undergo less It.V. loss during melt processing than
conventional polyesters. For example, bottles and/or preforms, and in
particular beverage bottles such as carbonated soft drink or water
bottles are made from the particles of the invention and the It.V.
difference between the It.V. of the particles and the It.V of the preforms
and/or bottles is not more than 0.04 dl/g, preferably not more than 0.03

dL/g, and most preferably not more than 0.02 dL/g.

In another embodiment, the molded article preferably lacks an organic
acetaldehyde scavenger. Preferably, ingredients added to the solid

polyester particles at the melt processing step do not include organic
acetaldehyde scavengers.
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for preform AA and not to limt the invention to

certain injection nolding conditions. Alternatively,
WEe@ios32s6 nade fromthe particles of this i nvREE/USIW06/034616

have a reduction in perform AA of at |east 20% or at

| east 30% or nore, or at |east 40% or nore, or at

| east 50% or nore, or at |east 60%or nore, or at

| east 70% or nore relative to preforns made fromthe

conposition without the addition of a catalyst

stabilizer and/or deactivator. The |evel of residual

acet@ﬁ%s%gm; h?mﬁ%%%q Atk fhgolﬁeatd \& caf Lt')‘ehm@ésgr‘éd%y

pref I'S casSe, a Secon eat I story

nManuASTMUF20MB-08. Tiew levetiobAAtime drousd )ZOmzeorefotmbeg ppm or
inmparted to the preform sanple singe the art cl es

ver elef§i QredPpi queS$ () SRRTBPT 151l Oh DR oF, o8 aspmgasured
armuglt\ Fg:frefo‘ﬁ?trg d%fﬂ é'bg%}’fgf’n;ﬁ’ér%ﬁﬁ@tof '285°d3 @nd a residence

parti r but prior to mgectlon nmol di ng
shouielud apmbmmateld X mumtemé’erfmrmmaﬂ aowds Hemyive

| bt h. f |
Ext r BRRIES S s IAROBR e eaty Bbinleiiel Tegoigabdina "
ext rfé‘?'t%er%ﬁ:r@é‘@ﬁa ?85|8@ﬁcé)ﬁhfe§r &ific RNtk cofditions

pel l ets. These onponents may be added neat to the
bul kareogiyes here peiwtetpsowde mnt@xt qud'i!@ aumgricakyalges ggacified

poI yggt%g‘?ft D :@’gﬁ{la gpooigﬁ?zﬁ% a{)r‘?ltt(g ggrt?atﬂ @@'ch%n polding

. O/Q:@Fld |6¥?sh¢@tgiﬂ;i{cﬁﬂél | ip Pef?hﬁs mé%eeﬁ?mthpqiaymmas bétthls
own I nto e u yester e pe
conpiwentien have uﬁj&e&c an i) IPerfRrmMav™ a&rcéaﬁ{r%‘;@r of 8t foast

o S0 S mate, lﬂ?%?név#ggg?a@@ﬁggﬂggjéoég 58958t Frore, or at

PCT |/ 1652000703 4hdre, drlaﬁ leasaBO% b mra@a’m&a tocmmrm gade
nucl eati ng agents, reheat rate .enh a stick

Dot t Fom g RS AL A P Eadien G1 ranly Bk biREH Sdor
i keyehlfvatdr t'ﬂﬁer's]l%véfj&\" rbswaél Qé&ameﬁyd@tmeasaw dierid

uses are we own in the art do not require
ext ensicks sdnchcassm\ alprean'ndélsdﬂs beaeaa)ee@onct heafdas@lrwnelt

deacti vators .are added, | ate nth
ol y EAMALINNG S GLTTRLPELTS BFthebpREmPared to the
S°| ' ﬁféfbﬁﬁtsbﬁ{ble kihcanné B@ﬁmleﬁﬁh@fé ffted indd mjddtienbmbkiing
a catal yst deactivator is added late in the
machine. The amount of residual acetaldehyde present in the particles
after drying but prior to injection molding should be subtracted from the

residual acetaldehyde value obtained in the perform.

At the melt processing extruder, other components can be added to the
extruder to enhance the performance properties of the pellets. These
components may be added neat to the bulk polyester pellets or in a
liquid carrier or can be added to the bulk polyester pellets as a solid
polyester concentrate containing at least about 0.5 wt.% of the
component in the polyester polymer let down into the bulk polyester.
The types of suitable components include crystallization aids, impact

modifiers, surface lubricants, denesting agents,, antioxidants, ultraviolet
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course of pol ycondensation or thereafter but before

solidification, a portion may be added earlier in the
weowr®ss26d pol ycondensati on. The inpact on prPCiU$10061034616

rate of any early addition of a catal yst deactivator

needs to be considered; therefore, only snall

portions, if any, should be added early. In addition

to the enbodi ment where the total anmpunt of

deact,i s added during, t |t phase process for
o g RSB Rs. Phahiis. MclFatihe Bienie opannate
a porédr%‘ﬁcﬁ]fg dids s‘tl@k@boﬁl@"éﬂ&ltl s SRS YA LAY ﬁl%r@gﬂaqhe

to the ester I n at east two §ta es,
int Htkeneql fﬁhmammmancﬂ oranyedthers At thedd m m're well

pol y RPN 8 Bt BRirBEiG aferivestufdote

formed fromthe polyester polyner, such as during nelt
processi ng the polyester polynmer to nmake an article
as cﬁW@?ﬂqﬂbﬁdﬁb?V@dh@ catalysh deactivadens ase alddpddmeonn the course

?IJ'r ? @%Oﬁé%‘%}%@ﬁ?ﬁ 0%@%@% Lf:';{f_élsg ldl% ﬂ%%n If'another

deac temisddinents wiild etk BlilkesT a cf&?él?gﬂ déeAivaep lsaéuh&ﬁ%fé f the

maki ng t he ar icle. Partial or total addition of the
phos [FRYFa§Of gdensaticarordbereafter but befare salidification) a

h ' D
D't bRl b ddiB RIS T 1Yo Ee B BB FIERBY The
t he mnbydsctrepropubtwmmte p’raamy eérﬂsaﬁdntlé@ bfta @atdt deactivator
partlcles contai nin

concentr,at e, of paql yest

r and O¥EYS &‘? Q?)SP ﬁgr@gt gleyg é’&ll)f small sprttonsph aRdsshould be
af t edguhicahy tlh%d‘ﬂﬁﬁﬁ%ﬁ‘tﬁ@éﬁxdo&rﬁ@ﬂ \kl‘?ermﬁe BRhE amount of
processing zone for ing an ticle along ?rﬁ

f eed deactaiords agdey dstirg theameit gdhase pmocass‘br evakinef thé9

QR PR T US2906/ 0346
conpg)?fg/ggfgeg QHR’ G R reé'eiP‘P‘%"!%"? 2 o Q? ef@a%tgla%ﬁéunt of
i n adehuiivaords adHEdes tleqiblyader ;%lymeﬁ:ri étqaﬂ?& tfB'dthGds, once

together with a stream of the pol yester ymer
par t itihesmelbphage picespiasceaidngihe ptnlgester pofsiker @ndg again at

art i A4
5D BB St PR BB 2RO Bt s
a rrefdrrmizﬂaf&ﬁn M@pelyéstembPM suchPa by ﬁ!@ﬁ‘iirbdé’ésﬂ*ig the
added,ate fol | owed endi ng t he catal?/
olyester polymer to make an article as conventionally done in an
extruder or injection molding machine for making the article. In yet a
further embodiment, the total amount of the deactivator is added after

solidification and before making the article.

Partial or total addition of the phosphorus compound after solidification
from a melt phase manufacturing process may be accomplished by either
melt compounding the catalyst deactivator with 'the polyester polymer
particles to form a solid concentrate of polyester polymer particles
containing randomly dispersed catalyst deactivator compounds, after
which the concentrate is fed to the melt processing zone for making an

article along with a feed stream of polyester particles; or a stream of
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deactivator with the pol yester polyner by a
conpoundi ng extrusion or in the extruder portion of
wo b@7ios§26ct i on nol di ng process such as that useCI/US2006/034616

melt blend dry, liquid, or nolten ingredients into a
stream of polyester polynmer in an extruder, or that

used to make a nolded article by an extrusion in the

i njection nolding process, or blending in any other

m xing device. In this enbodi nent, the m xi ng device

wher ecatalysidaastiyaior dempounda ean be addad dirdottycas am,ealbetream

Capar i L bbb SR P BB G cablerhotbr ity

deact stvsdrg bf mypdmsterrﬁdmﬁyﬁpmGl@@tto thémeltl grécegding zone to
carrier or via ol ymer concentrate. Introduction

neat '®@ PH”%G’F‘P'G@{ J hyartheea isipsoviged %ﬂr@fﬂb@fﬂ'@@nélm\dbwh

react

| cver P DolyBSief oty o plotfuclp'n b ik phfde BRipess

| i quiditlout a catalgstaibaathedtor addediate, &bllcﬂﬁéﬁd ey blending the catalyst
condi(ielons coul . d be used to coat the pellets with the

| i qui ParduRtor with Bhe Belvestsr palymeribyiscanpasiding extrusion or in
- the %bﬁ%ﬁﬁd&%&ﬁ bffR i Hﬁ(ﬁh hﬁ)lcﬂjﬁg%aoé 8 such.as th?t used to

concentrate ts coul be d ed at anbi en
condi mel rbhennt drip, licuéd, atrmtdteaxngmsmer% intd a sttieam of polyester

|t |1 ets It and bt
o1 encPoNREs B Al idshrinat Goed Gisprbacmaata risie B an
el t edhsiH in Qhé hﬁécﬁn@hﬁ‘ﬁdlahgdpﬁ@éééé/ ?r Blentiridin. any other mixing
solid-stated pelléets. This enbodiment is particdlarly

usef udevige.t he pellets are solid state polynerized.
I ncorporating the catal yst deactivator in the nelt
phase may in sone instances |ower the solid-stating

r at e. Inlthisamabstisiehe hé enixin Ide@ufet@h@rdombydmélygtedéatwvator is
pol yester pellets, it is advantageous to add the 90 WO

2007/10889ueed-nzy bewrbpbibedniectienmaigisg riecess, @attcmay be a
afterg ?at@%t%ﬁgﬁop@vl jeléfliﬁﬁrn% aTﬁQ'c’af’alistt %FH}’?"RE may be

polyne I OCESS 16N ca

il usntradmédoryeathm anlighid icarridr cﬂwrplpﬁﬂymér carigepttiatent s
al though it wi |l be ynderstood that these

t her eof ,
_exan‘ﬁf'&@d“%tm 1R 8 iRkicEsaTIPbis TParBEsdaTes Since reaction
LT uskitrpineotatal st iRftRe polyrmel &MY lower effectiveness. If the

catalyst deactivator is a liquid and is added neat, a mixer at ambient
conditions could be used to coat the pellets with the liquid additive prior
to entry into an extruder. If the polymer concentrate route is used, the
concentrate pellets could be dry blended at ambient conditions with the
made exclusively in the melt-phase pellets to make a 'salt and pepper’
type blend. These same comments and approaches apply to melt
blending the catalyst deactivator with solid-stated pellets.

This embodiment is particularly useful if the pellets are solid state
polymerized. Incorporating the catalyst deactivator in the melt phase
may in some instances lower the solid-stating rate. If one desires to

solid state polymerize the polyester pellets, it is advantageous to add the
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limt the scope of the invention. Exanples Al of the
hi gh 1V polyesters in the exanpl es were nmade
wex@rosizsel y in the nelt phase, i.e., the nol BCTIUS2006/034616
wei ght of the polyester nelt-phase products as
indicated by their 1hV or 1tV were not increased in
the solid state. Commercial polyester available from
East man Chem cal Conpany as CB-12 is subnitted every
time the AA generation test is done on experinental
sanpl eatalyidteiedbtivatuehitenthppelietsisavendieddrgone E€B0lid, state
pol ynmer made under typical manufacturing conditions
and s POMIORNZAIEN DFEPSASeri zed, is consi dered accept abl e
for carbonated soft drink applications. The AA
generation results on this conmerci al polyester are
consi ddisihvestien bambbrfenther ik/stogad bytthe mddiibas! éxaaples of

commeEnttiagntstngtdr AhaRal Gl S u eeEntlibb fessaxamples
of pr ef@iHBIRAS Rerdfidanrbesbssf flustitth ARPAILHS iREhded to

Sone wat er applications require nuch | ower perform AA

| evel dimitthe scBpe Df thieinvertian. Under typi cal nol di ng
conditions, CB-12 prefornms contain 9- 11 ppm AA

dependi ng on the extruder size, etc. For sone water
bottle applications, there is a specification of 3

ppm AA in the perform This is about a 70%  reduction

in pr &XeMAIRA rel ative to CB-12. 91 WD 2007/ 035256

PCT/ US2006/ 034616 The percent reduction in preform AA
is calculated by subtracting the water target from

t he CBJIlGF tlha higiglg/ w@%/estelrsiihvthd l)elxgnﬂ%es tveréCBati2 exclusively in
average value and, nul ti in 100. Percent

r educ thRMeli Phasenbe-, thee%@&%& \é@lsﬂhemhie ster melt-phase
throug,p&dq ; . | [ W i
be identi cftéegg 'ﬁ%g?@ttné—#m\ggr?gs\g&(en@ p ‘2{33 gglﬁ‘;“é solid
or tistat8b control, and its response will be used in

pl ace of the CB-12 average value in the preceding
description of a % reduction cal culation. Wen

armvleltr iagiecﬁgr?@t&ﬁeélcﬁb?)@eﬁmﬂbb@bfr@ﬁ@éﬁh%ne@ﬁérhica‘ B®mpany as
CB-12 is submitted every time the AA generation test is done on
experimental samples. The AA level in preforms made from CB-12, a
polymer made under typical manufacturing conditions and solid-state
polymerized, is considered acceptable for carbonated soft drink
applications. The AA generation results on this commercial polyester are
considered as a benchmark: AA generation rates less than or equal to
the AA generation value of the commercial CB-12 pellets predict an

acceptable level of preform AA for carbonated soft drink applications.

Some water applications require much lower perform AA levels than CB-
12 delivers. Under typical molding conditions, CB-12 preforms contain 9-
11 ppm AA, depending on the extruder size, etc. For some water bottle
applications, there is a specification of 3 ppm AA in the perform. This is

about a 70% reduction in preform AA relative to CB-12.
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response for the multiple runs is used in the
calculation. A Li/A experinental run will be

w0 denvsfeed, and its response is used in pl aceP@f/US10h€034616
water target in the precedi ng description of a %
reduction calculation. Wen replicate Li/Al
experinmental runs exist, the average of the response
for the replicate runs is used in the cal cul ation.
Col or val ues are neasured on pol yester polyners ground
to a powder passing a 3 nmscreen. Color measurenents

Uei mo e PEFED? [segbf i BEAAGAA RUAEA N ltiiding the

Labor whterYargetfrom tR@&IBWI 2\&\)erag® k/alﬂJee BRA d?b@ by dhé OpeL3
(|IIumnat|on/V|ewan here opti cal eonetry.

Resul aeragg valueast g'pbé”% yHI08. EBELGRE% redugtiongiin ethere

spect FobRn anacancn i RRARNSA ] Bamplas, Thg pois o

cont r cdmparsscenpill decidentiftbdysuch aisrthd bage @ake Qh@'plh@@phorus) or
foll ow t he Hun(ier Lab reconpendati ons. An opti onal
8% c%ntgq an

gl ass 5 FREPaNsgvikoe ysed 'F‘é’f‘ﬂ*@c@fatﬁ@é:%ﬁlrzt
to m Aidrhge vSl‘&@tﬁ‘ﬁ‘n%‘kac}éﬁlr@ d%#ﬁp@[gﬁ%rf% 2% rRUGESh %Qﬁﬁlaﬂon

pl aced in"an optic ass ce i'S neasure
a celWhea rBGItlpdm befmtdasleemgs lor &t cardtolg baist teelbverage of the

b. The powd 1
cet 118905 GRS AR R risioh The celubrie. A THal 2
| abOf@ipéfri)/néWtéllruNQ\hﬂ Qéfi’(ﬂerﬁt}f*éﬁ hRY fEnaEboHR] js L?é%%tm place of

Chester, PA). gl ass cell is maintalne
agai ribe water ?aé@q%’fél@ﬂa@]QEGQ@Gmg destriptivacéa Y%weductiorl ack

opa k|n I, S evalua

R B0y 17 DR DG B DR R e Worage o
r enoviad respbrisefbattedrebiicate ruifs a& usdd inhthecalRAsiaement s

for each sanple. The reported val ue should be the

average of the tri pI icates. Three clear, nolded discs

LT B PG (400 R mRATEhEPoH R et rongg g

t hi ckrovedergfassiBg-an8 Imarstreendi @ﬁ&ireneaéurén%nm’f\}veﬂ'élperformed

276 R SElRsip i seraar Brlussh Gt BuMebAa/agPan X

C 1ol (PRI LACHaRSY, ndl, F6d6R V) SRAlthempids
diffuse/8° (illumination/view angle) sphere optical geometry. Results
were reported using the CIELAB scale with the D65 illuminant and 10°
observer. The spectrophotometer is standardized regularly and UV
control was employed and maintained in calibration following the
Hunterlab recommendations. An optional glass port plate is installed at
the reflectance port to minimize contamination of the sphere. Powders
are placed in an optical glass cell. Color is measured in a cell, a 33-mm
path length optical glass cell, available from HunterLab. The powders
are allowed to settle by vibrating the sample for 20 seconds using a
laboratory Mini-Vortexer (VWR International, West Chester, PA). The ‘
glass cell is maintained flush against the reflectance port and covered

with a black opaque cover. A single cell packing is evaluated and the
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scfh nitrogen flow to the feed throat. Conmerci al

pol yester available from Eastman Chem cal Conpany as
wW@RM0033286 pressed into chips every tine chi psPEr/eS2006/034616

nol ded from experinmental sanples. CM 0Ol is a polyner

made under typical manufacturing conditions and

solid-state polynerized. Col or neasurenent (L*, a*

b* and haze) on the discs was perforned using a ’

Hunt er Lab U traScan XE (Hunter Associ ates Laboratory,

I nc. cell ResBVEdSInd yé’plzsdbdemﬁbqu’&l of fHres edéasurements for each
illumnation/view angl e) sphere  optica fe m%

The  sammplo.Sbhe nomsHowie SIS b tor Bverye SR pidates.

D65 illum nant and 10 observer specified. Three chips

were stacked together to give a sanple of
appr oHréd by, meldeddisct Gveré pm;)areti ifiokm dxssamples usinga Daca

O P ferarmmandng Vadsiaciare YhoPhaBRs i ieuli) §3Bhoss of
lar gest @ﬁ:é gaacﬁﬁﬁ{e‘?é\' 359 ch. aﬂ’?‘é’a;ﬁ’&wmb%i@hdd}ng he

l'ight’'s e col or ‘measurenents were de in the
t ot alcohtitibREMESE @8 fcﬁllbW%AElYBr?@oB};rewmempem‘tuthﬁ3l Ceprarrel

f;agfg}r{ptggg 9%335 H @[tgl et ‘r}axgqe”@@@stﬁ'p%ﬁ%n r{ﬂrggéurghéﬁd 14
tr anf&{?fr?ﬁitr%geﬁtﬂo A3 lf.@féémﬁ?é‘atc @‘brﬁﬁefcﬁélqicﬂyésiéledvallable

acco oW n T, , T 10-R " | ogl o%TTDJ
18 d f&ﬁn\msﬂ@emm@msﬁl @mpasw@@lw%@aorew gltq hips every

transmttan t t L Lhi
L e o L S W DA s
tr ans@hiib YRegr R hmufatusegeoeditins-ahdsgbd-state

t hi ckness d t'hi ckness of sanple
polymenzed

Color measurement (L*, a*, b* and haze) on the discs was performéd
using a HunterLab UltraScan XE (Hunter Associates Laboratory, Inc.,
Reston VA), which employs diffuse/8° (illumination/view angle) sphere
optical geometry. The color scale employed was the CIE LAB scale with
D65 illuminant and 10° observer specified. Three chips were stacked
together to give a sample of approximately 200 mil (0.51 cm) thickness.
The three chips were stacked together and placed in the sample holder
inside the instrument such that the area of largest surface area was
placed perpendicular to the light source. The color measurements were
made in the total transmission (TTRAN) mode, in which both light
transmitted directly through the sample and light that is diffusely scattered

is measured. Color in transmission at any thickness can be recalculated

according to the following:

T, =T, 107
T,
log,, (%j
ﬂ=_______i__
d
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Haze is defined as the scattering of light within or
at the surface of a nearly clear specinen, which is

wo e®posibl e for cloudy appearance seen in  PCT/US2006/034616
transm ssion. A transm ssion haze neasurenment is a
ratio of the diffuse light to the total Iight
transmtted by a specinen, and is cal cul ated
according to the followi ng fornmula: Haze = YD
usetransm ssion X100 YTotal transm ssion Haze was
nmeasW&f€on t hree chi ps using a BYK-Gardner HazeCGuard
Pl us .accordi to @STMtg%g_QS Met hod A. The reheat
rate df‘%agléﬁu C?ﬂeaﬁ%ﬁ K" Pscs was deternined as
f ol | ofjs= tranfinétades withae apsapteaty ont o a support which
was id. ' .fhe sanple along its edges only.
An a tu%’t%gé@é]ne(\r’l]&%?%ﬁati cally noved the disc beneath
a pyrioreirarmiigcermgaiuraidor spanilei tial tenperature (Ti).
The di sgreMapicifign noved to a fixed distance below a
| amp (POUSI ng equi pped with a bulb (GE DYH projection
bul b, 28uckpessioigayplegperating at 60 V. The sanple was
exposed to a radiant light for 20 seconds. The col or
tenperature of the |anp was approxi mtely 2,200 C
Af t eHayeds dafined aethédg@@temg oR g ITRAHIS 8l by theaduaredfta0
the pyroneter where the surface tenperature (Tf) of
t he d&atlEclegr spedmenhwhishds regnansibiextos glausly appegarance seen
(fron j : t fLer
wes. ThrABEAEHPHT B GEFS0ESRn 1eTRERREN R Ria IE o3
bet weliffusedightiouthie tetat kgt srandmittetbbyhispbcitng} a8 is calculated
2007/ 035256 PCT/%J% 006/ 034616 fan cooled the | anp
housiA%§O1iNGie the folloxng iPria next sanple. The RIT is
cal cul ated by subtracting the Tf of the control
W t hout reheat additive from the Tf of the sanple

cont ai ni ng yq ] trrrxn§mrt]seiaaf addi tive. PET sanpl es contai ni ng
ant i ia7e = %ﬁe&p%ruw@\ere tested for nmetals by

X-ray fluo dsoenesis ectroscopy (XRF). PET sanples
containing alum num |ithium and/ or phosphorus were
tested for netals by inductively coupled plasnma

opt i ¢RI SHEaBLRBESH oSS embs UsiR 4B Pk-Gardner HazeGuard
Plus according to ASTM D1003, Method A.

The reheat rate of each of the molded discs was determined as follows.
The disc was placed onto a support which was in contact with the sample
along its edges only. An actuator then automatically moved the disc ”
beneath a pyrometer and measured the initial temperature (T;). The disc
was then moved to a fixed distance below a lamp housing equipped with
a bulb (GE DYH projection bulb, 250 W, 120 V) operating at 60 V. The
sample was exposed to a radiant light for 20 seconds. The color
temperature of the lamp was approximately 2,200 °C. After heating, the
disc was automatically returned to the pyrometer where the surface
temperature (Ty) of the center area of the side which faced the lamp (front
- side) was recorded two seconds after the lamp was turned off. A 90-

second cooling cycle was used between consecutive tests, during which a
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For the sanples in the Exanples Section, a wet ash

met hod for 1 CP- OES involved digestion of PET in
w@iof7/83266 and nitric acid on a hot plate pri oPCT/US2006/034616

anal ysis of an aqueous sanple. There is nore

background contam nation possible in the ICP

measurenents for alum numin PET for than for |ithium

in PET. For Exanple 2 , Al and Li levels are nmneasured

in duplicate in quartz glassware to mnim ze

backg t tA\ mtrees& fple. Th
SR IAM TSRy by Y 2O e The T s

exanptalsulated by sabiraei eJm@f thesegtrel Wrtbﬁ@ﬁfr r@heahaddltlve from

beaelte fuih fae e foefniEg b Bt R o
wat ch gl ass. Prepare a nethod blank in the sane

manner except exclude sanple. Place beakers on hot
pl at ePEIngpmples c@ﬁtanamg lmom\g gnd plwsenorhs vere kested iy

begi n\'SR} %@g bé/&?@gﬁ&@% éc?r %ggl?ﬁfWF? W s mples

dr op- |ng unt ut't on

beconesnigirtag alusihlibi hfhtillm wﬂfcrmhmbbbwsaﬂem ’testemfor metals
hi ghest = heat setting (approx., 400 ©), Cool ,to roo

t enpebmdup lvejyaa@up{emle@m OrtipahaEsIorRRRSHHASOBPY (ICP-OES).

beake

i nt er Eg ?'Hé@g c—%’ ﬁké‘qﬂés' §?cgt|\§)2\|35 wﬁd%ﬁteéhc%dofor ICP-
mar k @ESllrikﬁIMFd‘rgeMmf P%lmlmmmmsmﬁ%amd on a hot plate
gt D e S

| nstr em%&%.ﬁ&ﬁ ?ﬁéé&b%‘ thePRndebardinentsQorbimiGUAS® PET

Cyclonic - Nebul i zer: Quartz d ass
Conc e farthan ffor ldlsitior in Pl Fo Example 2 PAbgneh Lenels are450

Vatts me%s%?gai in dupllca}g |n1q8ua|T(zr5Istﬁé1)é tg lrﬂl\a{tm&ezbét{@&nd Al

contamination. A single test in standard glassware is reported for the

other examples. A procedure follows.
Sample Preparation:

Weigh approx. 1.0 g of polymer into a 100 mL quartz beaker. Add 5 mL
concentrated H,SO4. Cover with a watch glass. Prepare a method blank
in the same manner except exclude sample. Place beakers on hot plate
and heat on low setting ( ~ 100°C) until charring begins. At this point
begin to add conc. HNO; drop-wise, gradually increasing heat, until
solution becomes clear. Reflux for approximately 30 min. on highest
heat setting (approx. 400 °C). Cool to room temperature. Quantitatively
transfer contents of beaker into a 100 mL volumetric flask. Add Sc |
internal standard at the 1 ppm level and dilute to the mark with 18 Mohm

water.
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Neb Flow. 0.65 L/mn Sanple Uptake: 1.56 nlL/mn

Met hod Paraneters: Analytical Lines: Al - 396.153 nm
woboal3sasma view Li - 670. 784 nm Radi al pl aBeEUS10e6034616

Internal Standard Line: Sc - 361.383 nm Axi al pl asnma

view Calibrate the instrunment - 2 point calibration

using a calibration blank and N ST traceabl e

standards prepared at the 1 ppm|level. Aspirate the

sanpl es and anal yze using 3 replicates. Report the

aver f il ' 8d pldina t ogticaladrmission

desc?‘gggagtmsﬁrgﬁgrﬁggtﬁ%%?gﬂges(?ri pt i onvare set forth in

dL/ gspedttascapy (@IR:MER)ed from the i nherent viscosity

measured at 25C in 96 WO 2007/ 035256

PCT/ US2006/ 034616 60% phenol and 40%

1,1, 2,2-tetrachl oroet hane by wei ght. Polynmer sanples

are dissolved in the solvent at a concentration of

0. 25 Inptaonent. Corfiguraigmsl es in t he Exanpl es secti on,

the viscosity of the polynmer solutions is determ ned

using a Rheotek G ass Capillary visconeter. A

descri pt i @praf ChimbepeCatarizg3ipss @yicltnic otinbaifled

vi sconet elNghalizdte f omn@irizGlaéSOdnoedt?3. The i nherent

viscosity |,i,j§r Rl cul abggnimemdrbe neasured sol ution
Vi scosity. %e foll om ng equations describe such

sol ution i SCOSJ measyr, and subsequent
cal cul ati §3’P§‘S‘1 W an g?gWéE?h. V. to It.V: 'linh =
[In (ts/t)] ARV i n :Lmerent viscosity at 25C
at a pol ydX FleWhcent r at | g%sg'%' 5 g/ 100 nL of 60%
phenol andNebiBo 1 2, 2- 0 Mor oet hane by wei ght In
= Natural Sageleilpiake: 1.56 mL/min

Method Parameters:

Analytical Lines:

Al-396.153 nm  Axial plasma view
Li-670.784 nm Radial plasma view

Internal Standard Line:
Sc-361.383nm  Axial plasma view

Calibrate the instrument - 2 point calibration using a calibration blank

and NIST traceable standards pfepared at the 1 ppm level.

Aspirate the samples and analyze using 3 replicates. Report the average

of the 3 replicates.

The It.V. vaI‘ues described throughout this description are set forth in

dL/g units as calculated from the inherent viscosity measured at 25°C in
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is = Sanple flowtinme through a capillary tube to =

Sol vent-blank flow time through a capillary tube C =
w@emces2s@t i on of polynmer in, grams per 100 nmlPCD1S2006/034616

solvent (0.50% The intrinsic viscosity is the

limting value at infinite dilution of the specific

viscosity of a polynmer. It is defined by the follow ng

equation: 7lint =1lim(,qsp/C =1lim(Ilnrlr)/C C>0

C-*0 where runt = Intrinsic viscosity rlr = Relative

vi sco8¥t phendl and 40Pad pl 2, 29strechioroathade Sy tweight: | Polymer

97 WD 2007/ 035256, PCT/ US2006/ '

cal | BRRPIeS AR AUROUHED g SOURH L ot d2PnRE e I 428 ¢/30 -

ref eFSPQ&mgﬁ%% e EfBFhpIdesedien!, iHedsesyityaifithaipelymer

mat hemat| ¢ equations to produce the "accepted”
| h. Vsolutibog is. detaemined atsinga &@%@){e@la&%al&'ﬁﬂﬁ’b\f‘%@%ﬁm A

shal I, be.w thin a ran of . v ol .

or obflgrgPtanch el eRBtgctring i B it y3eGmaEEt ¢etEhe found n
cons E&S’I"l\n YE46ES AtHeSinhekdht Niscbiisy israngdateddrahithe mehsured
Cal i bration Factor = Accepted I h, V ference

of .
Vat esblition visapsitagEhe follnwing eauations:deseHbe-a R0 iR

intrinsic.,vVi ' (IS ' hRt
usi nyRERORERBAortt ok s kel Eh s RNaRSEE PR R fom
[e O1pWieanNected T h.V. - 11 + (0.75 x Corrected

Ih.V.) The reference for estimating intrinsic
viscosity (Billneyer relationship) is J. Polyner

Sci., 4, pp. %ﬁﬁ%%f]ﬂ@w) . Alternatively, the

Vi scosity ymer solutions is determ ned using
a Viscotek Modified Differential Visconeter. A
description of the operating

principl f the

di f f er ent ivhergr essUhleﬁJPB%"@HﬁY'@P%S'g’a% &J&f%ao‘yﬂ"eﬂSTM
D 5225. The uncorr ggh egh{ IRTGT.5 4 166 AL ¥ G0% Phehopénd
each sanple is _

40% 1,1,2,2-tetrachloroethane by weight

In = Natural logarithm

ts = Sample flow time through a capillary tube

t, = Solvent-blank flow time through a capillary tube

C = Concentration of polymer in grams per 100 mL

of solvent (0.50%)

The intrinsic viscosity is the limiting value at infinite dilution of the

specific viscosity of a polymer. It is defined by the following equation:

C-0 C-0

where Nint = Intrinsic viscosity
1, = Relative viscosity = ts/to

nsp = Specific viscosity = 1 -1
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calcul ated fromthe Viscotek Mdel Y501 Relative
Vi sconeter using the follow ng equation: Thnh = [In
w@ B/ MBRRFq / C where P2 = The pressure in capil|BeHUPR06/034616
P1 = The pressure in capillary Pi  In = Natural
| ogarithm K= Vi scosity constant obtai ned from baseline
reading C = Concentration of polyner in granms per 100
m. of solvent 98 WO 2007/ 035256 PCT/ US2006/ 034616
The corrected Ih.V., based on calibration wth

standard g liBTBLieH irvofuesitBpliaits tdstingf asstandard
fol | ows: '8§{rr§@§?g§a|'h.\'/. e euated 1h. v

W X

Cal i tefevence nitetiairandiheneaniing PPRERTAS G 1adheHRfiGHt r y

is performed usin Vet - 10 i used
Nitr 8@‘@*'05‘3“(18 pﬁ?ﬁ"%@a’& S?E'%%Setega1hg\?ﬁ’rfaé$§% ﬁsé,\!gg% B/?Igte ed

usi ngyr chisHakBh 3REI beagdtish andagd of 0D 1LY ifmdt) ¢agrehproblems
sanple I's scanned at a heating rate oé@g.o Clml%frtﬁmthis
r oonahe neeeatestingtof standard;uptihifree spnsegidive rRayly Wihin

t enper at ur erétﬁéinégm nutes, renoved fromthe instrunent

usi n{PRYFEE nt aut osanpler to quench to room
t enper at upRlibraSi6AFaRtbre= decaptddih ive ohRefgreaseMatedalnoo

C, held at t t f 2 ninut. d.th

cont ol - cool e at 20 C/AeTaDE o JORI AR ATTIRg ons

I nst t. sof [ t i . ,

tnor TR G lRely (s B Rl dndlF b ERlIRU SRy TS Btimeyer

identquﬁbﬁ*&q as fdllaevsm dpoi nt of the step- change in
heat-flow near 80 C. A baseline is cal cul ated bet ween

approximately 110 C and 280 C. The exotherm c peak
tenperature ( bf5 %})ﬁﬁ&ﬁtﬁﬁzt}dlh.‘ﬁ Jﬂe.pgo_fmg(cb@_ﬁ;eétgg Ifgh) or
c n

t enper at uréto stal l'ization up heating, and the
heat of crystallization is calculated fromthe

integral of area on the exothermc .si of th . Nk
baseTheeefemnserfer estigatingitinge V@FOS'WE”é‘eY%rer%ﬁtH”SB'p) '°
as tB‘_GP&}G},?;‘&%%}?P@I&&.‘%@B@M@. endot herm c side of the

Alternatively, the viscosity of the polymer solutions is determined using a
Viscotek Modified Differential Viscometer. A description of the operating
principle of the differential pressure viscometers can be found in ASTM
D 5225. The uncorrected inherent viscosity (ninn ) of each sample is
calculated from the Viscotek Model Y501 Relative Viscometer using the
following equation:

Ninn = [In (P2/KP4))/C

where P, = The pressure in capillary P2
P, = The pressure in capillary P4
In = Natural logarithm
K= Viscosity constant obtained from baseline reading

C = Concentration of polymer in grams per 100 mL

of solvent
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baseline, and heat of nelting is calculated fromthe

integral of area on the endotherm c side of the
whawes2ec The heat of fusion is identified asPCT/i82006/034616

di fference between the heat of nelting and the heat of

crystallization. The tenperature of crystallization

upon cooling, Tcc, is identified as the peak

exot herm ¢ event of the controlled cooling portion of

the experinment. The solution haze is neasured by

nephelTaaeomecteBatipl .ebégedog catintidn with stahdam reterence

(30% hexafl uor oi ro | . 70% net hyl ene chl ori de, by
vol umByatana S»dﬁz%‘@%l‘?q ﬁg %ol&qvgﬁh vial. The organic

portion Ofgﬁ fq@ulwt%m t&H‘?ﬁ\/S%@él réﬁorﬁFb@fb?d to

di ssol ve. tion in e vial 1Is t
2007/ 035256 PCT/ US2006/ 034616 read dlrectly in the

Hach i 0 Tur bi di yret Th | u t.
nephe BRIBRIE) SCanBing: o ime Fy K RRTyaus 59 2 b Br Fgledo
of T 0gD1 &M NDgen FRW ﬂ@%dgd&sﬂ‘ié célBﬂn@éﬁi& &.ﬂl@ﬁétéﬂ'Usmg

st andard aretakneveryt|ms anples are run.
PET olndjunreandiseati standartsarA |1agmﬂaramsﬂmmlﬁ l%\BGaﬂ!ﬂ@ ata

eanpeshas a 4.1 6. 5% ver si .
Baffete 39 2P “cmin B ronrh Epadlig To 260RCo ' irs
DEG | ewat, hekd alteHipetai@re for® mMiiRedpremtsveli frorhehatrestrument
the stirrer and the flask can i npact the finisher tine

requi Heigdhe inriruneerfritesampleateauenisio romnbsﬁmlp%rature
stirr géan’mc‘edsgls@éf)ﬁcgir:ilitr%rat{%vﬁ]/ﬁuﬁ ¥cPQ§?I°Cf ol ttttapyé‘?am{e for 2

fl ask™bei ng USe oot

int hmlﬁlhtesl(and'\:therhcdrﬁrdl-h:eole‘dl att280° Qi ta rcpmdddamperature
stirrer, polynmer head, c{ﬁ)jd Tef | opI t ube and hose
The f Insiuimantisoltware  4aed idalprmingt 9§uau§ﬁe/ot effpahind

tur ne? (gi/erﬁéé‘ OThd El?ag‘él t%ltﬂfrﬁésfdég?lfﬁeték g%fnttd?@he step-

cente measu w dt h the c r eas
shoul g¢hangain bedtvileannéa78@APA. A Fasalime iF belcﬂlaiedi blebNeen

rinsed out.vvi h an o prigr to use

pol ycarataiteten T FE BiebefiTe fBetreHerttc f38k (Sriberature (i
wei ghededdhfisdderimiel-dd hertchs bP Eripaetletbf crystalllzatlon upon
round- bottomed flask sel ected per the g?dece in

par aghepting, e ibethaaj of ca@rralhzamnus calggiaied émmgw integral of

flask are-arah 6n the exothermic side of the baseline. The melting temperature,
Tm, is identified as the peak temperature on the endothermic side of the
baseline, and heat of melting is calculated from the integral of area on
the endothermic side of the baseline. The heat of fu‘sion is identified as
the difference between the heat of melting and the heat of crystallization.
The temperature of crystallization upon cooling, Tcc, is identified as the
peak exothermic event of the controlled cooling portion of the

experiment.

The solution haze is measured by nephelometry. Sample (2.3 g) and 30
mL of solvent (30% hexafluoroisopropanol, 70% methylene chloride, by
volume) are placed in a 8-dram vial. The organic portion of the polyester

polymer sample is allowed to dissolve. The solution in the vial is then
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flask is fitted with a 316 L stainless steel paddle
stirrer selected per the preceding paragraph and a
w@b@3m®3nes ynmer head fitted with |i pped Tefl on PETIDS20861684616

hose. After attaching the polynmer head to a side arm

and a purge hose, two nitrogen purges to 0.5 torr are
conpl eted. Polymer disks nade in the lab cool fromthe
outsi de (where the polyner neets the flask) to the

i nside (where the polymer neets the stirrer rod; the

deepesdqd Birddty9h tisk Hschs'Ratm) Tth(bldimtar Thbankid meported is in
stirrer rod i's | ocated), ile gmsr dskfs

t he |napha|ome¢r¢mturh@htyslaﬁé (mtbl) Qeﬁé?a PYRTAGRY fBHE[ﬁ-ad‘“W‘
a preductior _ “ﬁp I

al ob%%é'g reg %t‘bggaggp t% es Sét%hggﬁdéﬁegtragrgg e?ﬁgy fime
t hi nRam areq@h. much nore. 100 WO 2007/ 035256

PCT/ US2006/ 034616 quickly than relatively |arge disks
or are actlvely quenched. The % reduction in free AA

s S’t'rl P@f’ oh ér‘?\r@?ﬁgeé‘ﬁ tah&aﬁgig%a@‘namﬂ@lﬂﬂmséb@rﬁﬂ@s has

t he per Caee have about the sanme coolin
tine. ab@Qﬂ%tcﬁQB\E% Exavgrsionl by&pmtm NMR/ Wae II%\Lhevelgls about

cet A8 b ympie . TREDER e ot ap T (I o

made in water from hydroxyal um num di acet at e, V\,hl ch
contained 2.1 %of boron fromboric acid
( st abiitd fitdrefwedn thesstimer. and theoliasls cam imnash thesfipigher time

ol | goagtirena e ket S ainsBaTh Yy By §0her EiIEARE to
Pr epa{RelgpRal HWith Hhe fiAsIchengTskd, Pﬂ'bleto the run, toothpaste is
pol yneri zat| on reactor is ﬁlﬁerat ed und&eﬁ%ontrol

CAM i hasfaskannish bee Aok g aRAdde PNt Head.

(e e PR VB R S pushea

285 73DaAdRirned by hand. The clear areas on both sides of the center are
measured. The width of the clear areas should total between 1.7 and 2.7
cm. The flask is rinsed out with water and acetone prior o use.
For polycondensation, the ground oligomer (103 g) is weighed into a
half-liter, single-necked, round-bottomed flask selected per the
preceding paragraph. The catalyst solution is added to the flask. The
flask is fitted with a 316 L stainless steel paddle stirrer selected per the
preceding paragraph and a glass polymer head fitted with lipped Teflon
tube and hose. After attaching the polymer head to a side arm and a

purge hose, two nitrogen purges to 0.5 torr are completed.

Polymer disks made in the lab cool from the outside (where the polymer
" meets the flask) to the inside (where the polymer meets the stirrer rod;
the deepest part of disk is in the center where the stirrer rod is located).
While polymer disks made in the lab are cooling, some AA generation
may occur. In a production environment, molten strands or melt globules

that become particles or pellets are much thinner and cool much more
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3 2 285 140* 300* 4 1 285 140 300 5 10 285 51* 300

6 5285 51 300 7 2 285 140* 300 8 2 285 140 300 9 2
wQa®74385 300 101 WO 2007/ 035256 PCT/ US2006/ OBdB182004/@84616

20 285 4.5 300 11 10 285 0.8* 30* 12 500# 285 0.8 30

* = ranp; # = torque termnation A nolten bath of

Bel nront nmetal is raised to surround the flask, and the

CAM LETM array is inplenented. The tenperature |isted

in Table I is the one used in the array. For

I nst agaieklyithanT Edbéta/ely jange dizske ©r @re betiyaly guenehed. ZROCH

all of the 285C in.t bove arra arer aced W th
270, Teckcig 0 Gee A Sl O iorast 55 47% Rl BL 88 Parists and the
Changsﬁw YREIUHBe KA Y saffe &dlihg me@g dgrl ng

the spec stage time. For Sb controls
w./w. %P solution of an oligoneric phosphate

triester in % et hyl ene glycol and 20% n-BuCH is
added#ﬂﬂﬂﬁ%@%&%ﬂ@u The stirring systemis
cal i bpaj 6ol wenwt 95 ﬂP@olQﬁérY‘%&ﬂaéé%ﬁléﬁwyFer@@le/éol fiéva lithium

finisher stage (# 12) is term nated he stirrer

t or qu_ecetateg@hydrgtem& 262 wighde¥obisalutiamissvade awgter from
Separ SRt e, VG Conighed %t ofordh o goric

pl acegdcidi(sw@Bflizet) AY. BBMI\M (%stb mlummﬂsnnaaéercmbymmw
are ground cry@genl cally pass a, 3 nm screen. The
U

r esi dU@CG’@?ﬁef ymegmleTh%sm@tolagpm@n pHROCEduResas
nmeasu

dat o S EEileg HbcIE HERRE 15l MEHO ik xalife.
Sanpl es 149 & 164 were about 23 ppm each Li and Al.

Th I
€ c%g p>c/) Jmetrliazra?gﬁ Sffeélc or |sr<?perated under control of a CAMILE™

automation system, programmed to implement the following array.

Stage Time Temp. Vacuum Stir
(min.) c (tor) Speed
(rpm)
1 0.1 285 730 0
2 10 285 730 150*
3 2 - 285 140* 300"
4 1 285 140 300
5 10 285 51* 300
6 5 285 51 300
7 2 285 140* 300
8 2 285 140 300
9 2 285 4.5* 300
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139 & 138 were about 46 ppm each Li and Al. The
[ithiumto alum num nole ratio ("Li:Al MR') has a

wo 2009085266 4 for all the Li/Al runs in Tabl e 1PCT/Uk®06/034616
[ithiumto alum numnole ratio ("Li:Al MR') is
cal cul ated by converting the ICP data for Iithium and
alum numlevels into noles and then dividing the
[ithium noles by the al um num nol es. These cal cul at ed
Li: Al MR are negatively inpacted by the follow ng two
I ssues.| Fiypst}, thgre |[is re r ound nt am nati on
possi blle i1?1 the |1 masa?grrents%i% f@g / 035256
PCT/ US2006/ O3@616 _ 1 orff al um num in_PEI for_than for
lithiumiAdlPET. ™is i|s é3pecla | PFtrue 13F this
exanpl es—where—Al—andH—-evel s—are—reasured—in by a
single tege in S00&ndar d2gb aspwares Sagon.w y, (there is
alot of varilability when dividing t smal | | nunbers,
that is, small chandesramp, #keorquetiemsindtionng di vi ded
make big changes in the Li:Al MR Use of the targeted
Li:Al MRis preferred. 103 WO 2007/ 035256

PCT/ US2Q8iehQsth bﬁ BeWﬁ@ht&nétaFisﬂﬁafﬁéw todtirrduPd therffaskTane the
Sb Al_1CP Lj Li: XRFPIhVItV Sanpl es

d C
i n) COMBHE "o smeremapiey (Ehe tomiparetiys st itoTable 1 is

210 g it o %EEO@%?%‘ Pigigsp > 2

0. 807teﬁ1p%dturéLGBZEB’6: 44 .0F thed 285U inrtha. abdi/eaikﬁayﬂaﬂi)ﬂeplaced
147 2 72219081,40862 enp.
Fr ee @Nﬁﬁzce 'n?*aégrﬁ%pwam@sge ine @,& f}mgf'« of

vacuum, temperature, or stir speed during the specified stage time. For

Sb controls, 1.03 wt./wt. % P solution of an oligomeric phosphate triester
in 80 wt.% ethylene glycol and 20% n-BuOH is added during Stage 8.
The stirring system is calibrated on torque between stages 4 and 5. The
finisher stage (# 12) is terminated when the stirrer torque target is met or
exceeded on three separate occasions. The polymer is cooled for about
17 min., separated from the glass flask, cooled for 12 min. and placed
immediately into liquid nitrogen. The polymers are ground cryogenically
to pass a 3 mm screen. The residual or free AA sample is kept frozen
until its measurement by headspace GC per ASTM # F2013-00.

The data are shown in Table 1. The catalyst targets in Samples 149 &
164 were about 23 ppm each Li and Al. The catalyst targets in Samples
139 & 138 were about 46 ppm each Li and Al. The lithium to aluminum
mole ratio ("Li:Al MR") has a target of 4 for all the Li/Al runs in Table 1.
The lithium to aluminunﬁ mole ratio ("Li:Al MR") is calculated by
converting the ICP data for lithium and aluminum levels into moles and
then dividing the lithium moles by the aluminum moles. These calculated
Li:Al MR are negatively impacted by the following two issues. First, there

is more background contamination possible in the ICP measurements
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Sanpl es C) (ppm (ppm L* a* b* adj. (ppm (ppm CB-12
0.9 19.6 149 270 35.8 19.6 85.2 -2.2 7.9 78.0 13.9
08

-
W@ 2007/085286 164 285 29.2 19.2 85.8 -2. . 4 78PQGI/BF20861034616
6.45 139 270 54.5 43.2 86.3 -2.2 8.5 78.6 13.3 43.9
33.75 138 285 50.6 43.7 85.3 -2.7 11.1 75.3 29.9 39.6
22.25 147 275 82.8 -1.8 1.6 80.8 16.4 34.4 29.5 104
WD 2007/ 035256 PCT/ US2006/ 034616 The adjusted L*
color (L* adj.) indicates the inpact of toning on the
pol yedbealuathom in PET fopthan far lithdemdn kFtE'laCI‘tkﬁs & &spdcialy true for
L* and adds 0.4 tines a* to

b* fro
acet alt gﬁérﬁy@@ heredd angdd anals arﬁgmasum@ o single test in

[ . r
Tabi o P fn oRsRare, SecihyTRicis i 2 bt SRarRRIRE Aich g
cat al yth smyatrannbersbthagin emdlrchgmgeslin the hompessbeingrdivided
yeIIOM/ b* co] or). nt r ol *
2 Hig ratgenit e LiATMR. Ve o She Bras@eiaisnl Bire i
Iomeriﬁgﬁﬁ-ghat of Sb-catal yzed PET. In nost cases, AA
CGEN 295/5 is higher than the Sb control. At the Iomer
catal yst targets of -23 ppmeach, the Li/Al -catal yzed
PET has | ess particul ate haze than Sb- catal yzed PET.
Exanple 1 The Sb sol ution described in Conparative
Exanple | are used here. For each type of catalyst
system catalyst |evel and tenperature conbination,
the finisher time fromthe torque termnated run in
Conparative Exanple 1 will be the finisher tine (stage
12 tinme) used in this exanple. The sane ol i goner and
procedure are used as described in the introduction
to the Exanpl es section. The lithiumand al um num
solutions used are described in Conparative Exanple 1.
The catalyst targets in Sanples 159 & 166 were - 23
ppmeach Li & Al. The catalyst targets in Sanples 161
& 154 were - 46 ppmeach Li & Al. The lithium
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to alumnumnole ratio ("Li
the Li/Al

for all

W0 2000085266 0 or
a phosphorus target of 120 ppm an
phosphate triester with about 9 wei ght/wei ght percent

phosphorus i s added neat

array.

For Sb

run

120 ppm For

contro

S

| s,

T Al

Li/

MR') has a target of 4

A

% P sol

in Table 2. The phosphorus
runs in TabPE@I/BS2006/084616
ol i gomeric

in Stage 14 of the follow ng
1.03 wt./wt.

uti on of

the sane oligoneric phosphate 105 WD 2007/ 035256
% et hyl ene gl ycol

PCT/ US2006/ 034616
and 20% n- BuOCH was added duri
pol ynmeri zati on reactor

triester

is

in

oper

Tehie

80 wt.
t age 8. The
under

cont

r ol

CAM LETM aut onati on systen1 progranned to i npl enent

+ hn

of a

T
Tabl o Lo TRd e L e e T oe o
2007/ 035388P-PCT/TIB20p660346 18 |ICRGe (THAE | PERAP |Vaduum 1tV
StaploSpedds O 4mi), (F 9o (bam)| pbm0. 111283 889) 4 @20)1P Lio)
730—150 228534053004 4 1 1285 140 30(
51251* 300 6 5 285/ 51 300 7|2 285 |140* [300 8§ 2 28F
140 380 9270285169.5¢ 300 | 36.820 285 [4. 51300 11 d&2| 0.905
285 {848 3U55 88.2 292| 192| 26 0.879 | 0.935
139 270 | 1256 545 432 341 0.807 | 0.854
138 285 49.2 506 | 437| 3.4 0.849 | 0.901
147 275 | 139.7 252 19| 0.814 | 0.862
AA Solution
Temp. Free GEN Haze
(deg | ICP Al | ICPLi L* AA | 295/5 (ntu)
Samples | C) (ppm) | (ppm) ¢ L* | @ | b* | adi. | (ppm) | (ppm)
CB-12 0.9 19.6
149 | 270 | 358]| 196(852| 22| 79| 78.0| 139 417 6.85
164 | 285| 292 192|858 20| 84| 783 27 24 6.45
139| 270 545 432(863| 22| 85| 786| 13.3 43.9 33.75
138| 285| 50.6| 437 |853| 27| 111 | 753 | 29.9 39.6 22.25
147 275 82.8| -1.8| 16| 80.8| 164 34.4 295
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12 various 285 0.8 30 13 3 285 650* 30 14 2 285 650

30 15 1 285 0.5* 45* 16 5 285 0.5 45 * = ranp 107
wWOD0208526035256 PCT/ US2006/ 034616 Tabl e 2 Fi nPCT/BR®06/034616

XRF ICP ICP Li: A XRF Sam Tenp. Time Sb Al Li | ICP P

P1hVIN pies (deg C (mn) (ppm) ppm ppm MR (ppm)
(ppm (dL/g) (dL/g) OB 12 159 270 169 23.5 21.2 3.5

127.6 0.767 0.809 166 285 88 29.2 19.3 2.6 0 0.909
0.969 161 270 126 47.6 42.5 3.5 0 0.776 0.819 154
285 49 49.1 42.1 3.3 130.5 0.881 0.937 156 275 140

258 1900 o1 B Borb - Sl clcar €W p b o (P e

( ppn) pdlpester béloa*rﬂé*foadmla sgehgulitraots O(Mmbs b@M L0.25d

6 o ? adis Badimes o kol %egape;awghzd%ggné@i‘@?épé'e%é%’@s at

8,5 MEOTAP Ragh S g g 0. ¢ 111 315

10.9 10.2 156 275 80.2 -1.9 1.3 78.4 18.3 32.7 29. 8
It can be seen from Table 3 that PET prepared with a lithium aluminum
catalyst system is brighter (higher L* color) and more yellow (higher b*
color) than the Sb control. The L* adj. for PET made with a Li/Al catalyst
system is lower than that of Sb-catalyzed PET. In most cases, AA GEN
295/5 is higher than the Sb control. At the lower catalyst targets of ~23
ppm each, the Li/Al-catalyzed PET has less particulate haze than Sb-
catalyzed PET.

Example 1
The Sb solution described in Comparative Example 1 are used here. For

each type of catalyst system, catalyst level and temperature
combination, the finisher time from the torque terminated run in
Comparative Example 1 will be the finisher time (stage 12 time) used in
this example. The same oligomer and procedure are used as described
in the introduction to the Examples section. The lithium and aluminum
solutions used are described in Comparative Example 1. The catalyst
targets in Samples 159 & 166 were ~ 23 ppm each Li & Al. The catalyst
targeté in Samples 161 &-154 were ~ 46-ppm each Li & Al. The lithium
to aluminum mole ratio ("Li:Al MR") has a target of 4 for all the Li/Al runs

in Table 2. The phosphorus target is 0 or 120 ppm..

For Li/Al runs in Table 2 with a phosphorus target of 120 ppm, an
oligomeric phosphate triester with about 9 weight/weight percent
phosphorus is added neat in Stage 14 of the following array. For Sb
controls, 1.03 wt./wt. % P solution of the same oligomeric phosphate
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108 WD 2007/ 035256 PCT/ US2006/ 034616 |In Table 2, the
Li /Al -catal yzed sanpl es nade at.270C have |lower Vs

wao b@n/os$266 sanpl es made at 285C. Different torgREI/US2006/034616
targets are selected for different tenperatures,
whi ch affect viscosity; however, this is only part of
the answer as the IhV for the 285C runs in Conparative
Exanple 1 were only about 0.03 dL/g higher than the
270C runs in the same exanple. The PET sanpl es nade
wi t h Hiasterip gl %erathyiene gtyspbland 20% eBu@idiwas added during
phosggﬁi ssconpound added | ate have nuch | ower free AA
and S%aen'erated upon nel ting. Conparing PET runs
with |ate addition of about 120 ppmP from a

phosphorus conpound to anal ogous, torque- term nated
PET r (iR8 PRIWMErFaHen serdar issweraigspader coatrekaigp CAM)LE ™

t her e, t % [ I f. fr

el SR e e B G ol TR i . o
gener &nepbrape listeldtin tige Tablestis thednet uspesindhe aarayi. ved
at by conparing run Sanple 149 in Table 1 to run
Sanple 159 in Table 2, and by conparing run Sanple 138
in Table 1 to run Sanple 154 in Table 2. As conpared
to Table | runs, the runs in Table 2 had 11 extra

m nutes at the end where the phosphorus conpound was
added and m xed in to the polyner nelt (stages 13-16),
of which 6 m nutes were under vacuum . Conparing the
average of Li/Al/late P runs to the Sb control in
Table 2, there is about a 71 % reduction in the
amount of free AA and about a 68% reduction in the
amount of AA generated upon nelting. Conparing the
average of Li/Al/late P runs to CB-12 in Table 2,
there is about a 46% reduction in the anmount of AA
generated upon nelting. Wth late addition of a
phosphorus conmpound to PET nmade with a Li/Al catalyst,
it may be possible to get nelt-phase only PET with AA
generation rates |ow enough for use in the water
bottl e market or as a dual use resin. 109
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WD 2007/ 035256 PCT/ US2006/ 034616 The free AA level in
CB-12 is very | ow because CB-12 has been solid-
wGar@avmess2sdThe free AA of the pellets nmade by a P@&I/US2006/034616
phase process can be reduced by techni ques descri bed
herein, such as AA stripping wwth warm air or a |ow
flow of anbient air, prior to introduction into a
subsequent nelt processing zone for making articles.
It is of note that the Sb control is nmade at 275C.
Even when the PET with Li/Al/late P is nmade at 285C,
a nmuch | ower anount of AA is generated upon nelting .
The hi gher—tepperatures at which PETWI h Li/Al/late

P can b srrde mnTﬁ@yt a Tlepfge| Neg@finye ct lon AA
generatj on raf egmil ong wi th the inher q§ dgrer

mel t - phase catalytic [|actCVity oftogpnme L7h

conbi nat i ons,| open up |the possibility of pagter melt-
phase potynmerization—tates—thar—wth )l s. At
the higher!|evel ©.6tudi ed8df |ithsom & al g nyim

cat al ysffs, PET made W thtatg—addit
phosphdr u conpodi®d ( $anBBe 154) 7BAs nuch504 oner
particul ate haze: _aboyt a_54% reductionm refative to
the no |_phosphor ud added®82se| i n14&hbl ¢ 1 30&anpl e 138)

and abdut 4 66% redudt i re ati tgt Sblcontr ol
[ f i 28 agﬁve Exlz}ﬁgl e

in Tablle—2-(Sanple 156) 2: A

1. 03 wt. /\g %L|1osoILt|Qg5|s ifrcml' hi ym
acet at e—dthygrate—+nr—water—The Al sqglufion |s the

sanme orne desdribedl in Cozgmr;: V51 Excrrpl3@ol The

ol i gongT —and [procedur¢—used—are—desertbed+n—{ he

i ntrodycti’on |to tde anpdes [sect4in. Theoarray and

anti nony %ol gtion  used are descripbedin—Conparative

Exanpl ¢ 18 The Ii4hiu t%85a|um' nt#® ngl e30Qtip ("Li:A

MR') has target, of 4 [T the Ti/f/A_runsjin Table
S a TR

3. The_catallyst 4 arqd - 1148 ppn1e§@% L & Al,
iig'SIFggggernozg FIIQ%%OF/OBﬁgg agpt 3and A

11 285 0.8*

12 various 285 0.8 30

13 3 285 650* 30

14 2 285 650 30

15 1 285 0.5 45*%

16 5 285 0.5 45

* =ramp
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Tenmp. Finisher XRF ICP I CP Sam Sam (deg Tinme Sb Al
Li Li:Al XRF PIhVIN ples pies O (mn) (ppm ppm
w@pwrABS26pm) (dUg) (dUg) 54 270 308.3 15.5 1BCBUR2086/034616
0,82 0.868 92 285 157.2 20.1 14.6 2.8 0.846 0.898 48
277.5 90.7 34.8 36 4 0.829 0.879 84 270 151.7 54.1
55.9 4 0.82 0.868 139 270 125.6 54.5 43.2 3.1 0.807
0.854 53 285 43.2 55.3 59.3 4.2 0.805 0.852 147 275
139.7 252 19 0.814 0.862 Tenp. (deg ICP Al ICP Li Li:
Al Sanmples Sanples C) (ppm (ppm MR L* a* b* L* adj.
54 270 15.5 16.8 4.2 87.2 1'53311%2808 92 285 20.1
46218 oo.gin-_roo.aro 48 53463674853
-2.1/8.3 77.8 84 270 b4.11{55.9 5.3 -1.9 10 76.5
139 P70 54.518%. p R gECHA |- B2 XBF 285 553

&3] Arehp89|. Zime2 F/4 sb0. 18 AlS. 8/Lbé§ 7533%31{23]8 P]F;- I%VGI Itv
8 VIO 0oV/. 035256 PCT, D elr
3R 2} ety OCAROT (ORI Pk Lopehl W FA d Jpnieliel R oo

@h-gnjficant|ly shorten the [finigherjtineirelatjve to
iohe Sb contirol . F:‘iven apprgpriate reactor des|gns,

shorter finlisher j tran j o-faster BET
protuct i O | at 8| Li /31 23t a?Vzie PET2[8 Lri ght 864n0-809

moéee| yel 2 *them 5 Sbh-ccaval yresl| PEH| W thout tlhegos | 0.969 |
&M F

acgheli—+on ptos S hetreare e
L:f?l1| -(:a%-lkolI }vzg%é’c uns thgy% 42’? stef thgr Sb @n8‘7ﬁ%/e°'819
t het sane2®r| hi tther L*| #8jlustZzt] Ekarghé |2 0.881 | 0.937

Ny
o oo i
ﬂ
0
o

156 275 140 258 19| 0.827 | 0.876

ICcP AA Solu-

Temp. P Free GEN tion

(deg ICPAl | ICPLi | ppm L* AA 295/5 | Haze

Samples C) (ppm) | (ppm) L* a* b* | adi. | (ppm) | (ppm) | (ntu)

CB-12 09| 196

159 270 235 212} 1276 | 868 | -1.6| 6.4 81 33| 103 6.0
166 285 29.2 19.3 0 843} -22| 82| 76.9 2751 26.3 9.1
161 270 47.6 42,5 | 0} 88| -20{ 80| 78.6 111 315 37.5
154 285 49.1 4211 1305 | 829 | -25| 96| 743 731 109 10.2
156 275 80.2 | -1.9 13 784 18.3 32.7 29.8
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10 The sane array and oligoneric phosphate triester
are used as described in Exanple 1. For each type of

W@ 2008403856 syst em catal yst | evel and tenperat BCBEUS2006/034616
conmbi nation, the finisher time fromthe torque
termnation run in Conparative Exanple 2 will be the
finisher tinme used in this exanple. The sane lithium
and al um num sol uti ons are used as 15 descri bed in

respelst T4 7 VR Er<eyBlee ST Pistymede ok Abd have lower IV's

descrihaadhé Bakriifes mﬁeeﬁ%BP@anréon!%t%lE@ s are selected
section. The antinony solution used is esc

Conpalok dliffesentiampesatures; whitte atiectavisnosity Hummever m Issonly

) h j

s abart bt e eprHe AL TP JEEunt i Bornalatve

The chxarhplet1 wees galyabdie 0-0BldEgigh&arbn lﬂhe é?ﬁd’C run%m the
-28.5 meach Li & Al or -45.5" ppm each Li The

phos @ &XaEPifet was 0, 120 or 240 ppm 112 V\D
2007/ 035256 PCT/ US2006/ 034616 Table 4 XRF P: M P: Al
Tenp. Finisher Sb ICP ICP Li: Al Mle MIle XRF Sam

(deg TheBETampibs madéwith b_(ﬁ?nanPﬁ)hrmﬁi&hi(ca?a Qf\(éd)}dﬁg(iﬁn with a
| es 1N m ppm Ratjo (pp o0 o (pp

?d Ug)"g?oééwﬁﬂ)ﬁgﬂﬁwfg%daézlabe &QV@ myah lgwer freg. AAgNd AA

0. 98 geherAién 3B hekifigle A bout

0. 52 SEREa LR ek Lofyibrg TR Ry tdte blion of abou

285 10 ppmd frema phesmdfuz fﬁnitg)mdga'égglc&%gsgf?t){agéb >

91 3 . 121 6 3. . 3 .

33. o S PES (RS wiin hojieqadisyt ﬁigm_ ey sl 1),

32. 1 tRéreBs hbb (13376@’ BRiuztion th 1R f a oyta

50,9 58 8 4.5.0.0 00,747 0,787 88 270 1?%%%\93 &80y

4 3 T (@g:tl@nzm theamooniyaBAA generated upon melting. These
reductions are arrived at by comparing run Sample 149 in Table 1 to run
Sample 159 in Table 2, and by comparing run Sample 138 in Table 1 to
run Sample 154 in Table 2. As compared to Table 1 runs, the runs in
Table 2 had 11 extra minutes at the end where the phosphorus
compound was added and mixed in to the polymer melt (stages 13-1 6),
of which 6 minutes were under vacuum..

Comparing the average of Li/Al/late P runs to the Sb control in Table 2,
there is about a 71% reduction in the amount of free AA and about a
68% reduction in the amount of AA generated upon melting. Comparing
the average of Li/Al/late P runs to CB-12 in Table 2, there is about a
46% reduction in the amount of AA generated upon melting. With late
addition of a phosphorus compound to PET made with a Li/Al catalyst, it
may be possible to get melt-phase only PET with AA generation rates

low enough for use in the water bottle market or as a dual use resin.
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96 270 152 51.9 _ 58.6 4.4 0 0 O 0.803 0.84

43 51.4 58.5 4.4 0 0 0 0.848 0.9 71 285, 42 52.40222.3
W@ 28783F250. 72 3.8 0.788 0.832 60 275 140 243 BEI/0S2082034616

0.826 65 275 140 244 16 0.785 0.829 .74 275 140 239

23 0.82 0.868 104 275 140 232 18 0.786 0.83 113 WO

2007/ 035256 PCT/ US2006/ 034616 | CP Sol u- AA Tenp. Al

tion Free GEN (Deg (pp ICP Li ICP P Haze AA 295/5

Sample Q) m (ppm (ppnm) (ntu) L* a* b* L* adj.

(ppm
( pp .
75§85 10,y IO P A 2 e

- % Ostdte®l. TRe TreBIAA of thespekals yaarie by a melt phgse progassLan be

>y 6re¢uge%%y£eé§n%1%de§’sc%&%d% é\zgg h}égéﬁiéﬂlﬁw rfsb With dvarm

86. 2aur r % |%wSﬂJ/8 oftathbferft.alr, phidr &Vfitrbdaatich Bito B smnseauent
87.7 80.2 4.1 7.6 58 277.5 32.1 36.8 131 6.0
87. 3mett. mo@eﬁlr@zwmfoz naaking gMides® 50.9 58.8 0 57.0

87.4 -1.9 7.8 80.4 11.9 38.4 88 270 53.6 59.3 269

27.8 88.0 -2.9 8.2 80.3 4.5 12.7 96 270 51.9 58.6 0

59. 0|t$§of2nota tﬁaﬂthefStYBQritrdus e & 2B5C2 Evesuwhesdhs PiET

230 with LyAliete B o madwat 2l h srmigh Waigagolivdf ARLS 4

8(1) gg%%égrg?%lz;i&r‘\l 9%@'?35 %h%ﬁ @3\2%3 t%rﬁ 5ra$@r§§ aéclwﬁjcl% PlET4wnth

Zg 7 L8YI6te3R . chniim2ids viithdiit alage negatweln@@cﬁ,omM
generatlon rates, along with the inherent higher melt-phase catalytic
activity of some Li/Al combinations, open up the possibility of faster melt-

phase polymerization rates than with Sb controls.

At the higher levels studied of lithium & aluminum catalysts, PET made
with late addition of a phosphorus compound (Sample 154) has much
lower particulate haze: about a 54% reduction relative to the no
phosphorus added case in Table 1 (Sample 138) and about a 66%

reduction relative to the Sb control in Table 2 (Sample 156).

Comparative Example 2:

A 1.03 wt./wt. % Li solution is made from lithium acetate dihydrate in
water. The Al solution is the same one described in Comparative
Example 1. The oligomer and procedure used are described in the
introduction to the Examples section. The array and antimony solution
used are described in Comparative Example 1. The lithium to aluminum
mole ratio ("Li:Al MR") has a target of 4 for all the Li/Al runs in Table 3.
The catalyst targets are ~11.5 ppm each Li & Al, ~28.5 ppm each Li & Al

or ~45.5 ppm each Li and Al.
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114 WD 2007/ 035256 PCT/ US2006/ 034616 DSC XRF DSC Tmilb
DSC DSC DSC Sam Tenp. Sb ICP Al ICP Li ICP P Tna
W@ dwgoInzie Tch2 Tcc ple (deg © (ppm (ppm ( ppod/USI9P6P34616

de C) C (deg © (deg © (deg C) 111 270 . 12.9 15.9
0 180 200 239 159 148 82 270 . 12.8 15.2 251.6 191.6
. 238 155.4 149.4 98 285 . 12.6 15.1 0 184 . 242
155.7 151.7 100 285 . 12.6 15.4 217.1 179 194 239 152
151 73 277.5 . 33.7 36.4 120.6 185.4 . 238 155 151.7
68 277.5 . 33.9 36.5 126.3 182.6 . 240 154.7 151 58
277.5 . 32.1 36.8 130.8 . 238 154.4 152.4 57 270 .
50.9 58.8 0 202 . 241 147.1 Tiabled 88 270 53.6 59.3
269 4 192 3 _ 240 143 2 453 A—86 27051 9 586 0
188 | 241| 19 }FIBR S B | 90 |4 s Rl By | w
2Be- 1538 | 16®. 4 T 2850 54758 8 230738 SR
6Pe15pi@43 C) 238 (1diH0.| o8 3. Bm 6HrR A5 YRA4 | (Ppmg| {dig) 4 (do)

165,68 74127502393083436 194135). %.8104 223 232 | 237 | 0.868

154 1658 1%52— 2004035256 PCH/-US2066/1034616 ¢ 44T Mo.gos
. : 3 \v o) 4%1 H‘WBLOLUQ% 0. .

t heX?dddi t i fl1| 33 [3) e

on phOthnr'm:, there Lr 5855 1 0579
Li /48 [- cat 415776d r /8 |t hat | af8|fa¥tler, fave a lowér |
fTeg [AA Tavekp (hava.7a | owar 5AA | gérer ati drl rate,| Ofgyed-868

Lﬁguﬁ‘?iou. tazee T evel 54 8Ndsazave a.151 m [ an 4807 | 0.854
adj usit e relatlive tlg tha Sh dartelal P PN i

4 y ] +—V Ot " 4 0O; L.g ID.4.2 arr —3dl pd).m 0.852
58 568 & 713 fiave chral yst | SUallsoot] abadr 33 Apm A
and abotd? |372pgm 1397 a P&A lymrerilzation_t enper atur e Gfl >
bout—277.5C, and about 126 ppm P added late (P: M MR
of about O0.6).

Temp.
(deg | ICPAl| ICPLI Li: Al
Samples | Samples C) (ppm) | (ppm) MR L* a* b* L* adj.
54 270 15.5 16.8 4.2 872 | -1.8 72 80.8
92 285 20.1 14.6 28 86.5| -2.8 8.2 78.9
48 277.5 34.8 36 4 853 -241 8.3 77.8
84 270 54.1 55.9 4 853 -1.9 10 76.5
139 270 54.5 43.2 341 863 -2.2 8.5 78.6
53 285 55.3 | 59.3 42 854 | -24 10.8 75.8
147 275 . 828! -1.8 1.6 80.8
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On average, runs Sanples 58, 68 & 73 have about a 35%
reduction in finisher tine, about a 73% reduction in

wo e@e/03¥85@bout a 71 % reduction in AA gener at PONUSADE)34616
about a 74%reduction in solution haze and about the
same L* adjusted, relative to the Sb controls. Using
the sane tenperature and catal yst | evels but w thout
| at e phosphorus addition, Sanples 48 in Table 3 had
L* adjusted of 77.8, lower than the L* adjusted for
t he SPecTabled, shdralzpaoppertGhitieRwith7d LHAkcatalyat {ossignificantly

PRI e Y e
230 p c?oracfé%%@ Eﬁ&r?er(ffr)né\ﬂéy'ﬁn‘iés @Qﬁéléte%t?c)fas?éﬁ?ﬁ

has about teduction in finisher tine, about a
59% r prhulictiomrates.fliké-caiglyzesbdE Tds baghtesqndtmere yellpwakan

erghltp%gqj{gfﬁtde Pg‘?b%og 6% r f uct tgate bgpgﬁ#é%o@e{% gre no

Sb COBE’AIOéa%aIyE%tFﬁJ&ZthéﬂQrel@@.téﬁNﬁ?n St ad/Bavd theesamelor higher

about 13 ppnm Al about 15 ppmLi, a polynerization
t enpethadjustedt about 270C and 285C, respectively, and
about 252 ppm P and 217 ppm P added | ate,

respectively (P: M MR of about 3 and about 2.6,

respegkhi@le/2. The residual AA and AA generation
rates _are higher for Runs 82 and 100 than for Runs .
qg&a§ gescribed

5H) e8herame aray anchsligmerg phogphatedrigsierare we

th

| ovel EPERTIPELE M9 caPl bRaBRe Al ER FUER Calict I6vel and
for cterapaiature Embrrwmaiwmn treofimisher imerfranhéhentarque termmatlon
(Tr,=146- 116 WO 20 3 2%6 HS 00 %4616 t?}

L han CAEndsomBAYtP Exame 2wl 26 NSAmSHar ik fasd LS
this ekam ARe sép?é l|ﬂ1hlﬁn %hu%q@hmﬁ%bmoﬁ@ta@e {i56aakhe

nelt Is's ovver crystallization rates fromthe
e t deecnkmhhtCompehraﬁse Exaeyile 2raviciédmparativel Bxamplexd,

f tallizat tes f
Pesul featipchushy T Oldraes #0birtRabR, Biot P MPRELE ih the
ConvefhiRiduchbh to ! Hearhpies sRCAEHICTHY bhtimbAY E6REIOA used is

assocl ated wth reduced injection nolding cycle
described in Comparative Example 1.

20 The data are shown in Table 4. The lithium to aluminum mole ratio
("Li:Al MR") has a target of 4 for all the Li/Al runs in Table 4. The catalyst
targets are ~11.5 ppm each Li & Al, ~28.5 ppm each Li & Al or ~45.5
ppm each Li & AI.'The phosphorus target was 0, 120 or 240 ppm.
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times. PET sanples catal yzed by the higher Li and Al
| evel s studied at the |ower polynerization

wao eovpesasaur es studi ed have | ower peak tenper apir/es200€034616

crystallization upon heating fromthe glass (Tch2=143-
149C) than the Sb controls (ave. -156C). The sanple
wth the |owest Tch2 (Sanple 88) also has a
phosphorus conpound added | ate. As Tch2 decreases,
this indicates that the crystallization rate fromthe
glass is faster. Faster crystallization fromthe
glass is deS|rabIe in t her ndkblendabl e tray

nlli-lo

ale cattons cllkRFl esti pi’GdJCGi’a WhRo- \’I'-"-K/lo g ize
anp olis pel liet.s optional |y prijor to pol ymérijzi ng|in
tharr%%ﬂ 5'"EP%te.Sb NP || &Pe égﬂ tion d‘f’o'ea MR8 S pidT ys

Samc ofrdérgng e PETPAMRGeAW |t Hi L| Male AIICP Pt Bdty stReti |i tP may thv | ItV
plesbe| pagsi birgn)t @ get | apwel fprpNR&R |apdry) PRI W bh | Addm) | (dLig) | (dLig)
cEipeneration—ratres—+pw cﬁﬁugh for—use—Hn—the—water
hot t | e _market land/ or a dual luse rlesin! | nladditli on
Yol i AP oved R qen=r1§t9 ot r af s |9 PET O map® wilt h Li|/ 18| 0.98
8af aldjey sy3Bem wi { h128at©.2apdb t i |32 of| FD5phtsPhor us | 0.832 | 0.882
OO[TPOERY TeRE74l SO 1o wsgh~ﬂ7prqﬁugfimn QU ey, T OWeF 768 | 0.81
ree—AA—oyer—haresShewer eryskatHizat-gn—Hates
10 rom 8 @ mag? and 1ir2'€3¢2r11[513i4!\clal gnt q21? Lpr V’rsed colof, 2777 082
e 5177@(5 t o BET nade3i t394a] 4onVeRl i gl B! cat al y4t0.836 | 0886
88/ 5t28T% | 117 9D 2007/ B35266 PLT/ UI2006/0634646 |Exanpl @794 | 0.839
8 | BY | D eTTng ~a| Pl [OfT8e 4 pOTViBPT W a5 §5 adtr t1Veeg | 077
Haghass—Ehask—pehi-avas—a b ormdistributi-on—of
gTd"Ji t] (\)/ 3 MH Riln_t he 5[(;')ol vsr?ér ¢ ke %an éﬁxt r u%ler woul ¢ %747 | 0787
Bhly 3P {h | B89 shear®38ridPo%do| €3t i[9 A 06l [#er [is t hed. BB | 0.743
84 ar tareg natser|i al . | 141.0 [s5s@af @k yZed by 16 ppm [ and 0.803 | 0.849
F7INS) A gded T it I E|if'ba'ui"|, S ;
gj,Lm fjgglj by 42. 4\t %1/? DSE%Q b a;} Wt Og\ Dl:qb and hd Q0'848 09
Shl 1179V of*0. 850 di*Pg BAd ‘éfﬁ 3%, | #7%0] 8B4 |dL/ g °788 | 0832
Fh| s 958l ynet40 |d@é%| not |cont pi n gny cdt al yst 16 | 0.782 | 0.826
e ACia7Ty at or 810Qr 2uONers.| The[ pelTjets are [ryogeniigald¥ss | 0.829
g punEs toPASS G3e [ TMScreem —and—10G—egraps—of tl"?%—‘ 082 | 0868
104 | 275 140 | 232 A 18 | 0.786 | 0.83
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10 pol yester powder are weighed into a 500 niL round
bottom fl ask. The powder is dried at 150C under full

wOo awansa26@5- 30 i n. Hg) overnight (about 16 hoR€BYUS1006/€84616
vacuum oven. After cooling the flask to room
tenperature in a desiccator, the catal yst-deactivating
additive is weighed into the flask. The additive is
85% or 95% phosphoric' acid (H3PQ4). A 15 pol yner
head with stirrer is attached and the flask purged

twice with nitrogen A nplten bath of Bel nont netal

is railsed tpo'Surround the|fP4sk, arld the foll ow g AA
CAM LETRierray | s inpl enenttdd. | Stagg Ting Te Vac Free GEN
Stir |Mpsg | ¢ [T@emi RRMp 1 Hode P75 730. Of 2 § 275 2055

5 275 30,0 # .5 275.73D 15* | 5,.4 275
Sagle D QLR P ol | gef (RSP 127 D otlz) ) %QE (3‘”“ (pprm)

US2006/{0346[16 ranp Alnodefate rjitrogen purge wag-8| 16.8

enpllbyed2@t| ¥230| t5 r | 0DurijnB.St ages |2-8 [ 3981 her7o| 11.4] 219

STIBEGT bR [[HaErs51 pWy Dy 47N g550t To9d ey ""—‘783' SR Ty

+ ha al vy 1 .o ~cnnl ad fcr ahl uf

theat+ay 4 ed{ y
qpnggatp 85fr%2r'r71: LSZ q gss fl\aJISSJ?Iz ?5(8’ ol'ééga fO? ak]gut 15| 283

mi 190 and 285l [aled| 15fmep2Ht el y 44t o 8B#duiab hi €9 pget0 [ThB6 | 227

pol y#rer 877&r (e33gr oaswd cratogenism| [ \86kq pass @3 5 rvm4 49| 8.1

scresl o7hIEe 33S| FUA 12@! H%Aﬁ\aw_vi.m 28.6‘4“80& UZ%'.“a 7.6

i roct dial IAA A < _done

E:r':agg 0 1B N2 [0 LJHAI [ PN i Roddt b | Rd9Sn 42| 83
' 57 270 | 50.9 | 58.8 57.0 87.4 -1.9 7.8 80.4 119} 384
88 270 | 53.6 | 59.3 269 27.8 . 88.0 -2.9 8.2 80.3 4.5 12.7
96 270 | 51.9 | 58.6 0 59.0 88.2 -3.31 11.0 78.1 11.6 29.5
64 285 | 514 | 58.5 0 455 86.3 2.1 1 10.2 77.3 27.7 39.9
71 285 1 53.0 | 58.3 230 7.4 87.7 -1.9 1 10.0 79.0 6.7 10.2
60 275 12.8 81.1 -1.4 2.3 78.7 14.8 253
65 275 |. 255 1. 822 -1.6 1.3 80.5 16.5 27.1
74 275 3.3 0 225 29.5 80.5 -1.7 1.4 78.7 18.6 32.1
104 275 - 205 81.9 -1.7 1.1 80.4 16.1 26.6
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Sanpl e Additive L* a* b* 295/5 i

AA in Free Type

n
(dug) (dL/g) (ppm (ppm (ppm) (ppm) _Cen (ppm AA
W@EBN1/035238. 6 76 None 84. 6 3 0.

27.9 0 12.8 0 85%

83.1 95%
30.6 15.0 46.2 6.3 50.9 95%

3.0 12.

102 H3PO4 85.3 2.0 10.6 0.742
0.781 21.8 25.4 52.8 8.7 68.9 2.7 79.0 85% 92
88.4 2.0 9.9 0.717 0.753 20.2 28.2 106.5 6.2 77.7 2.2

0.738 0.777 19.3 26.6 78

H3PO4

93 H3PO4 88.6 2.8 10.1 0.777 0.82 19.9 25.8
90 H3P0O4 87.8 1.7 9.4

35680123 82.2 CB12

79 0. 835 PAT/BSDB6/@34616

18)1 119 V\DF2C07/O 5256 PCT{ U$2006/ Q3FE16| Tabl ¢ g .
Sarln:c1 gty at & tref&v hatgp ad jloﬁ'gﬂ o ph(%%%hof %?caﬁ 35 2> | Tec
ple | B N T (ot G b [lont W@l 3 ) b Ol (cbG 8P | eg ©)

AR WEAIN 1Ny r@mgs WAl edo |TNETep|T CUET T Olss 748

alhaor of 1 A an o K o AANIL narANcAc A 1 o

gf‘: Np;%?‘rol S tow 1t2;18I S 15r'r%) ;25?\?1\“ 0 (1§ MDMR)!| i nétehsed™d | 1494

8htil 25p:-M MR oRbabolR! D. 699 |Abolft |46% | ed?d? on1‘~?5r7 151.7

1P| Gen28295/ 5 dndi2%1] %F4dudt.a gn iwefreegﬂb\ | 23BEen 382 151
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. BPhe obfeqti ve |i s51t40 ut®5 t he Oni ni8dm-P: M VR 2Bl wid3l3 | 1464
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Tabl e %75 th%43l ate #drii tion_of a nhas phnru: (‘2?1‘?‘31]1 n‘géog 16338,

8 50 i 5rlov®¥ lthe |col or |- Sample 76 |i's daf ker3} [ owdi54 | 1618

%) an#rsnor 289%yel | ow -( hi gher b*%) than.any pf 236 154 | 1554

104 275 | 232 237 154 | 165.8
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the sanples with phosphoric acid added | ate (Sanples

90, 92, 93, 102). Conparative Exanple 3: The ol i goner
wa@pa7psasedur e used are described the introduckCDOS1006/034616

the Exanples section. The antinony solution used is

descri bed in Conparative Exanple 1. Al um num

i sopropoxide and lithium hydroxi de are heated up to

125C in an open bottle, which is fitted with a

nitrogen purge, a magnetic stir bar and a

t hernocouple. The mi xture is heated for 3.5 h once

125C it idfhn Jﬂﬁte [Slﬂféi)%brtﬁi tﬁeﬂ’é%re'Lﬁ/A@-cﬁté&zse% runs that

and the target Li: mole ratio is 3. Per .
t he nke fasterhhavera :kiww frea Al levgldhave 8 lower SALgeneration rate,

Al uni i d d hydr oxi de_are heated , ..
oo T PR BIRREP Rt nat |RE A A St B b G piative
pur geto the"Bi9 B6HtrSls SRiUA Simiples 88268 BNES ABGE ld:@‘ceﬁ?%st@\i‘e@s of

the m xture reaches 121 C, it is heated for 3

120 WBPQWd38 prvyA@rdcaus3daerno 24 6 eolymerigatiomtemperature of

it 7,590 A% Al SRR 55 00

Na Ton paErsgeruRs Saptiples a6 68 & B3 hpes abedt al:s@% reduc’uon in
contrgl of a CAMLETM automati on system progra n
to i rrﬁﬂ'éhﬁwﬂm?h@bqlgla birorigdeetion,in fegs Afwabayt a 71 A reductlon

contr @ |

o DA dehBra B bl 8% RGBSR pafl i abou

730 0the23arﬁe IGEdﬁ%d,EréPatlvé t@t6Sh 2BatroB0Wsingithk 26be

288* 3 %agg 282 0yst g\(/)els%u% wztﬁ u’t3 I%’ce3 Bﬁospholrug %gdﬁlon,
Samples 48 in Table 3 had L* adjusted of 77.8, lower than the L*

adjusted for the Sb controls (about 79.6).

Run 71 has catalyst levels of about 53 ppm Al and about 58 ppm Li, a
polymerization temperature of about 285°C, and about 230 ppm P
added late (P:M MR of about 0.7). Run 71 has about a 69% reduction in
finisher time, about a 59% reduction in free AA, about a 63% reduction
in AA generation rate, about a 66% reduction in solution haze and about
a similar L* adjusted, relative to the Sb controls. |

Runs 82 and 100 have catalyst levels of about 13 ppm Al and about 15
ppm Li, a polymerization temperature of about 270°C and 285°C,
respectively, and about 252 ppm P and 217 ppm P added late,
respectively (P:M MR of about 3 and about 2.6, respectively). The
residual AA and AA generation rates are higher for Runs 82 and 100
than for Runs 58, 68, 71 & 73. Runs 58, 68, 71 & 73 have P:M MR in the

optimum range.

PET samples catalyzed by the levels of Li/Al studied have lower peak

temperatures for crystallization upon cooling from the meit (T¢=146-
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9 2 285 4* 200 10 60 285 4 200 11 2 285 0.5* 30* 12
500# 285 0.5 30 = ranp; # = torque term nation For Sb
w@onwrosd2sq 1.07 wt./wt. % P sol ution of an ol i BONES1006/034616
phosphate triester in 80 wt.% ethyl ene glycol and 20%
n-BuOH i s added during Stage 6. The stirring system
is automatically calibrated on torque between stages 4

and 5. The finisher stage (# 12) is term nated when
the stirrer torque target is net _or exceeded on three

separ 454" G)dbar thmSb conEolsyayent 182 Glads feddeeigages, this

on 1 2 Bt et FE g afhulz3Rtn 1B Fordthe HAFip 25 (g Mbuwer
2007/ eRftitrafen ralsadrm (ﬂ%ﬁ@ﬁ caratgsalt 6n Essthaze |nlrﬁdjieled
ICPSan‘pIeide Time ICP Al Na ICP Li XRF Sb XRF P |

| N Cpriigies. [ikpRyefprpm Slopshrsiigetiopgmesdead 9@3'1'293““ n

6 285 ;
o1 1 00 g Heg en g oigRg ycipdines ConverprgWal iaye e 5
188 2pdlsfivily indkakés @s8ddiafbdd®ith rédiRedAnjeictin In@tding cycle
XRF XRF Free Gen Al Na (ppm) Sb P L* AA 295/5 Soln
Sanpl 8MES. a* p* Adj Haze (ppm) (ppm) m m m (ppm
(ppm (ntu) CB-12 0.8 18.7 6 34.7 . 28.8 86.6 3.9
11.8 75.6 15.5 35.0 13.1
PET samples catalyzed by the higher Li and Al levels studied at the

lower polymerization temperatures studied have lower peak
temperatures for crystallization upon heating from the glass (Tcn2=143-
149°C) than the Sb controls (ave. ~156°C). The sample with the lowest
Tenz (Sample 88) also has a phosphorus compound added late. As Ten2
decreases, this indicates that the crystallization rate from the glass is
faster. Faster crystallization from the glass is desirable in
thermoformable tray appllcatlons and resin producers who crystallize
amorphous pellets optlonally prior to polymerizing in the solid state.

With late addition of a phosphorus compound to PET made with Li & Al
catalysts, it may be possible to get a melt-phase only PET with AA
generation rates low enough for use in the water bottle market and/or as
a dual use resin. In addition to improved AA generation rates , PET
made with Li/Al catalyst system with late addition of a phosphorus
compound may also have higher production rates, lower free AA, lower
haze, slower crystallization rates from the melt, and/or equivalent or
improved color, relative to PET made with a conventional Sb catalyst

system.
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189 40.8 91.1 0 86.5 2.4 7.2 79.8 29.6 26.8 40.5 7

41.8 101.9 89.6 2.9 9.8 80.6 24.1 24.1 44.3 188 240 17
wW@2009/0352%6 1.9 82.6 16.4 36.4 17.1 Per Tabl e 6PCHUKBING/034616

nmetal conmpounds ot her than those containing |ithium

can be used as part of a catalyst systemwth

al um num conpounds. For sanples 6, 189 and 7, the

target alum numlevel was 40 ppmand the target alkali

met al Exampla@ num nole ratio was 3. The run with a

Li/Al cat al iendi fdtaied pdlpmenitith sn ddditve in a glass
cat al yst; hbgf\%/e‘i@tvﬂel% lf’%tea%l\rIg/Al caéa st coul d st

il :

pr ovi déaslabehicwsb/anniges disibution eiraddidy W thepolygmer like an
Sb case at 275C,,like s | e eg i

w th 2 oxghog iaigr iy RiRTe gt apiifpREERLCR, diiifer s the

| eS5  Qr6RRy nRfsHal OR iPVAEREEd ByriapperLitnar 1. Geppsarkpadded
made W th a conparable Li/Al catal zt Syséﬁ‘?&n 667 % DEG
Thi s-cmngutaﬁe:mscbare‘maﬂpnig@g%aéib%eﬁ WYt ¥nlEA APQHef Wie DEG,

adj usted for th I e
) Sl AR L eS8 St ARTRLRIOIR R, The potmer
Na/ Al , (eabaloy sbntalrsanyexialyst deaetiveddrs adopers: The pedets are
than the sanple made with a cqnparable Liéﬁl1 8at al Stfthe
syst emeryogenicaliy ororid {heassha 24hp SCTREReRRY 19U grams ©

tenger al Wk | td i poktbahedsk. Th
TR Ay P BB sk ho
sanpl e geritiorid hediat 050G ahder full vacugar @653 ins {rig) @yernight
and than the Sb sanple. 122 WD 2007/ 035256

ST/ USABbOHGHBaS) e ¥aFET: VPR ABFT ORI th flask to room

procedyp fods it AEsieEtBe dnk btdipétdutientatiny saditive s weighed

Exanpl e e antinony solution used Is |,
descri bt the fleskpEnandditive Bx8b% er 85%phesphoric acid (HaPO4). A

PR 2B SR o i v

Tabl e 7,852 DOARINBA Heth &% Bélmenageed is rasid tosiBrage the flask,
14 of the FTollow ng array. The polynerizati on reactor

i s operaetheotewingd®AMILE Bt agarminmpemeniad-omat i on
system progranmed to i nplenment the follow ng array.
The tenperature listed in Table 7 is the one used i.n

the array. Stage " Time Temp | Vac | Stir
Min. | .°C | Torr | RPM

1 A 275 | 730.| O

2 5 275 730 | 0

3 5 | 275 | 730 | ©

4 5 275 | 730 55*

5 | 4 275 | 0.5% | 35*

6 | 2 275 | 05 | 75*

7 5 275 | 05 | 75
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Time Tenp Vac Stir Stage mn (oC (torr) (rpm 1 0.1
265 730 0 2 10 265 730 150* 3 2 265 330* 300* 4 1
wQe®783F25800 5 50 285* 30* 300 6 2 285 30 . BOOUS2004/034616
285 30 200* 8 20 285 30 200 9 2 285 4* 200 10 60

285 4 200 11 2 285 0.5* 30* 12 Variable 285 0.5 30

13 3 285 650* 30 14 2 285 650 30 15 1 285 0.5* 45*
16 5 285 0.5 45 = ranp For Sb controls, 1.07 wt./w.

% P solution of an oligoneri.g %ﬁ)sphate triester in

80 wt. % et hyl ene gl ycol and 30% W BuoH i s added duri ng

St ag® nfodefaR nifbiéh blyeSwas emplsyedbbNB0 taral Dyring Stages 2 &
calibrated on torque between stages 4 and 5. 123 WO
20073,cttaegseepmtw@b@ewbememend-T%@ll@ngﬁhﬁieméﬁf thearray,

5 Ul el )l B B AR iMook

6PPrdodlEdPfor dderit)i 0ahin( kg pladed-ifrinediately into liquid nitrogen. The

polymers are ground cryogenically to pass a 3 mm screen. The residual

or free AA sample is kept frozen until residual AA testing is done.

Table 5
10
AA % Free %
. h.V. tv Li Al ICPP ] Gen | Redcin | AA Redcin
Sample | Additive | L* a* b* 295/5 1 in AA in Free
Type (diig) | (@) | (opm) | (opm) | (pom) | (opm) | Gen | (ppm) AA
CB-12 18.6
76 | None 846 | 30]123] o079] 0835 21.5] 266 27.9 o] 128 0
85% -
102 | HPO, | 853] 201106} 0742 0781 | 218 254 | 528 8.7 68.9 2.7 79.0
85% -
92§ HPO, [884 | 20| 99]07i7 ] 0753 | 202| 282} 106.5 6.2 77.7 22 83.1
95% -
93| Hp,o., | 886 28 101 0777 082 199]| 258] 306) 150 46.2 6.3 50.9
95% -
90 | HsPO, 878 1.7] 94 0738] 0777 ] 193] 266 783 5.6 80.1 2.3 82.2
CB-12 18.1
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47 285 85 . 35.65 103.5 103 0.843 0.894 50 285 85 .

36.6 104.2 101.9 0.852 0.905 12 275 . 171.42 237 19
wO28603025015 AA XRF XRF Free Gen | CP | CP P Shr@®r/1I$2006%034616

295/5 Soln Sanple Al I1CP Na L* a* b* Adj Haze (ppm

(ppm (ppmM m (ppm) mmntu CB-12 18.8 . 47 35.65
103.5 103 88.2 -2.6 8.6 80.3 5.6 7.5 M2 50 36.6

104.2 101.9 87.6 -2.4 8.8 79.6 7.5 7.5 12 237 19 83.6

gl i D L el piowern

tﬁékﬂ/?gerzeratlo nﬁ'th@aﬁe%' A(KG‘WI’L'RE\T’(H@ tehglaiedieddihel Bredbiction

conpared to sanples 189 & 7 |n Tabl e 6,
lhlaHAAgenaBabyzeed iPEiTe Weeh%mdr@a%e%@wthﬂ osphopus tormgtals

RS ET e AL O TR AR o

el Eb’él&ﬁn' RRGENROS/S FhdSPVe ré’dlﬁi‘t@nhﬁ frelbAl, iwsg@Vat P:M MR
reduction in AA generation for sanples 47 &

@ftatm%Q 36n(Sample 9B). Abau 69 aeusipioe Meban 2Selpa 79%
B00eho Tl Boe Apis e aTTENEIR gt PATE3 Rl )7 ABbu
$@%mu/©g!|1§libnt W AA@gerAz%/@ranosm| resludfforginSitee AATialseen &t P:M
Bt Ot [Samels SwoAkoyt ThTaanetian m AA Gen 335/5 and
A’Afledﬁ i %Zlféje Ri&T; ‘@e(ef]%‘ﬂtP MR oRslstit oy @arfiple 98BS Since

ripprng o ree by needed, if any. There i's
ﬁnleduv deciB2%es edube iFolk MR moutaaseenthlaaiceecﬂwe isdorppethes7

gwgglu:ngﬁ I@tMé taggwglaﬁﬁléit %ﬁptégﬁﬁ,ﬁgtégna é&gl fétﬁ)n and free
gﬂ%gﬁgewﬁéée‘w rRhiYREdnE RN Wosdout | ate addition of

Al -catalyst "systemw th |late addition of a
phosphor ous corrpound has not yet been optim zed;

efore t I
IR TSHEL S nb REtTR) 5 RIS REPRPULL L e e
eYIoF.camMpPRA76 is darker (lower L*) and more yellow (higher b*) than any of
the samples with phosphoric acid added late (Samples 90, 92, 93, 102).

Comparative Example 3:

The oligomer and procedure used are described the introduction to the
Examples section. The antimony solution used is described in Comparative

Example 1.

Aluminum isopropoxide and lithium hydroxide are heated up to 125°C in an
open bottle, which is fitted with a nitrogen purge, a magnetic stir bar and a
thermocouple. The mixture is heated for 3.5 h once 125°C is achieved. The
target Al level is 0.3 wt.%, and the target Li:Al mole ratio is 3. Per ICP-OES,
the mixture has 0.33 wt. % Al and 0.28 wt. % Li.

Aluminum isopropoxide and sodium hydroxide are heated up in an open
bottle, which is fitted with a nitrogen purge, a magnetic stir bar and a

thermocouple. Once the mixture reaches 121°C, it is heated for 3 h. The
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WD 2007/ 035256 PCT/ US2006/ 034616 Conpar ati ve Exanpl e
4. The ol igonmer and procedure used are described the

WO nioros266 i on to the Exanples section. A 0. 94P@I/US2406/034616
% Sb solution is made fromantinony triacetate in
et hyl ene glycol. Al um num i sopropoxide and |ithium
hydr oxi de are heated up to 125C in an open bottle,
which is fitted with a nitrogen purge, a nagnetic stir

B 81 s Ooib % gBd e la?r‘ésﬂbééﬂrn‘*al%iaﬂé?%@?PéﬂCP—OES,
the\fﬁ&turé h%sii) L] m% o ARbaRde.oer 98Nd.i : Al nole ratio is

Per |1CP-CES, the m xture Wlththe Li : Al
m)Ie ratlo of | has 0.33 wt. %Al and 0.084 w. % Li.

@%glglgpn@%?h@ pg@ﬁ% ;%Epéar%fe&!g.ntcié‘?c E—é{ Oﬁ% ETQ of

éLi’t@rﬂ@tl&hlé#ygtéMt ghﬂnhdedﬁb implegnentathe dolwing a‘mﬂyc ﬁor the Sb
heated for about hours, has 0,38 wt. %A and 0. 45

gantrols, the stanee51) temnaratireoare & Cor i s oper at ed
under control of a CAM LETM autonation system
programed to inpl nt the following array or the
Sb control$, the kTmme 5] Tempenpdast ur EStiar e [280C.
The tenper af $tage i sfreid)i n| (@GP e | §targ t heporie jused in
the array for stages 5Ql2|The2ebum rnrgd farge tis 10

or 25 or 40/ppm oihe tajget LpgA| nojsp [abpo Iis 1, 3
or 5. 125 7200734' Jd52b Ju/gggt @8p934p3Go- T1ime_Tenp

Vac Stir St Y 585 730 0
TRV O L BSOS R IRRR T LT BTk
28

3 4 330 300
5 50 285+ 30 300 |6 2 582255 204305 00

5

6 2 2851 30 300
7 1 285 30 | 200*
8 20 285 30 200
91 2 285 | 4* 200
10 60 285 4 200
11 2 285 | 0.5% 30*
12 | 500# 285 0.5 30

e =ramp; # = torque termination

For Sb controls, 1.07 wt./wt. % P solution of an oligomeric phosphate triester
in 80 wt.% ethylene glycol and 20% n-BuOH is added during Stage 6. The
stirring system is automatically calibrated on torque between stages 4 and 5.
The finisher stage (# 12) is terminated when the stirrer torque target is met or
exceeded on three separate occasions. The Sb control was made on a
different rig. The rig that the other runs were made on later had its torque

targets lowered.
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8 20 285 30 200 9 2 285 4* 200 10 60 285 4 200 11 2
285 0.5* 30* 12 500# 285 0.5 30 = ranp; # = torque

W@ 20008256 on The stirring systemis autonmati caP@TUS2006/034616

calibrated on torque between stages 4 and 5. The
finisher stage (# 12) is termnated when the stirrer
torque target is net or exceeded on three separate
occasi ons. No phosphorus conpound. is added to any of
the runs in the exanple. 126052007/ 035256

CT/ US2006/ 034616  Table 8 Ave [CP Ave ICP Li Ave ICP
KRF Sb |1tV (qUg) Sahple N (ppm (ppm Li A M} (ppm)
¥ New | @&me W FlafshdNe 0. 899 184 11.B 2.65]|0. 87 $9. 58
{8anmple §.(@eg 0.[IBG 18HCRM YN2. 65 IGP (88| BFF F2 | XRFR1 | Hv59 | 1tV
D939 163 11 14minhp ol (pgmby (ppm) 5 400m) 31 (PE) 9 R{dLigY T (dL/g)
¢ CB-1 .3 86167 -2 M7 6. 88 0{934 1119 10. 35 11.¥5 4.41
63642 RBSR 4446.501 93R7 112 11, 7288} 35 3. 77 85. 02.898 | 0.957
12. 6894, 61285(. 9186.2137428 | 896115 0.®p. 83.41.-2. 7P ®02%54 0.983
. 9877131 @375 %® 05488 P7085]41 -3|4 9.04. 0.910.dh23 0.973
22. 38818. 0553, 145087]. 95 -8.37 10.66 | 0. P46|114121.00841 | 0.892
18.3 3.28 88. 21 -3.36 10.34 0.969 115 20.85 18.5 3.45

%15 U_:I._/I n 0. QR 124 .2 10 _Q_g QL R1 2 7
0. 03 ,@F,sgqc,;le 3. 3502 554 92 pe b2 - B. 01 %gél A
). 956 A9 4m;al Jéfppﬁ]).LSEQ Br. 31| -3.R6 9. 39} 0. P 295/5 | soin
Boar2®z D. 8 (. 97 48.87|-3 8/ 78 |L* at | b | Adj Haze
(ppm) | (ppm) | (Ppm) | (ppm) | (ppm) (epm) | (ppm) | (ntu)
CB-12 08| 18.7
6| 34.7]. 28.8 86.6 3.53 1181756 | 155| 35.0| 13.1
189 | 408 | 91.1 0 865 24| 721708 296 | 26.8| 405
7| 418] 101.9 89.6 2.5 98806 24.1)] 241 443
188 240 17 | 84.9 1.7_ 191826 164| 364 | 17.1

Per Table 6, alkali metal compounds other than those containing lithium can
be used as part of a catalyst system with aluminum compounds. For samples
6, 189 and 7, the target aluminum level was 40 ppm and the target alkali
metal to aluminum mole ratio was 3. The run with a Li/Al catalyst is faster than
that with a Na/Al catalyst; however, the Na/Al catalyst could still provide rate
advantages for a plant designed for an Sb case at 275°C, like sample 188.
The samples made with a Na/Al catalyst, # 189 & 7, are less yellow, less
green, and, on average, brighter than the sample made with a comparable
Li/Al catalyst system, # 6. This color improvement is summarized by the
higher L* adjusted for the Na/Al catalyst samples than for the Li/Al-catalyzed
samples. The samples made with a Na/Al, catalyst also have a lower AA
generation rate than the sample made with a comparable Li/Al catalyst
system, # 6, and than the Sb sample made at a temperature 10°C cooler. The
solution haze is higher for samples made with a Na/Al catalyst than the
sample made with a comparable Li/Al catalyst system and than the Sb
sample.
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0.875 121 35.8 30.5 3.31 88.66 -3.29 11.13 0.93 120
34.9 44.95 5.01 88.83 3.48 11.34 0.922 111 36.85
Wl 3002632588 86.42 -3.17 12.43 0.909 132 243. 9r@BUSB06/034616
-1.15 4.23 0.896 135 247.2 81.63 -1.2 4.6 0.884 136
239.1 82.42 -1.45 4.18 *The ICP data reported on -199
is a single neasurenent. 127 WO 2007/ 035256
gCT/ IUSZ(()OG/ 034616 Ave ICP Li Ave ICP XRF Sb L* New
anpl e (ppm) Li:A MR (ppm L* New a* New b* New Adj
Ep@mBIeds 0 87 89 6 -2.1 5.3 84.5 185 2.65 0.88 87. 7
T;% &?%g@er%?no“pro%@@u?e @&@an@d@gor@)ed?ih@ intrédiu@tioR to 1Y
.4 -2.5 6 80.2 119 11.75 4.41 88.6 -2.9 8.4
Barples sectidn. Fhesantimesy solution used isdescribegrn Eapparatige

3.4 -2, 5.5 /7. 1 19.. =3 ;
By Tod 3 spplpyagurtiitug njirey&da e Qesclitbdintidiipdrative
E)?arﬂplé% 3‘n ﬁﬁa @asésllﬁdib%téij B 'H@oléa 8593 phoshidritadid islddded
19. 8 .6 -3.7 10.0 76. 116 29.55 4.92 88.8
negatin St@esbﬁmfﬂ@fyllqwm qrr%\g 87.3 -3.3 9.4 78.55 9.8
0.97 88.9 -3.0 8.8 80.6 121 30.5 3.31 88.7 -3.3 11.1
78.4 120 44.95 5.01 88.8 3.5 11.3 81.2 111 46.25
PhSBol§Mmetizatio? rdaktdr ismpratbdirkies conBal of a CAMILEI80. 1

automation system, programmed to implement the following array. The

temperature listed in Table 7 is the one used in the array.

Time Temp Vac Stir
Stage {min) (oC) (torr) (rpm)
1 0.1 265 730 0
2 10 265 730 | 150*
3 2 265 | 330" 300*
4 1 265 330 300
5 50 | 285" 30* 300
6 2 285 30 | 300
7 1 285 30 | 200*
8 20 285 30 200
9 2 285 | 4* 200
10 60 285 4 200
11 2 285 | 0.5* 30¢
12 | Variable 285 0.5 30
13 3 285 | 650* 30
14 2 285 650 30
15 1 285 | 0.57 45*
16 5 285 0.5 45
e =ramp

For Sb controls, 1.07 wt./wt. % P solution of an oligomeric phosphate triester
in 80 wt.% ethylene glycol and 20% n-BuOH is added during Stage 6. The

stirring system is automatically calibrated on torque between stages 4 and 5.
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135 247.2 81.6 -1.2 4.6 77.5 136 239.1 82.4 -1.5 4.2
78.5 Exanple 5: The oligoner and procedure used are

walemcosdaedl in the introduction to the Exanpl eBCT/US2006/034616

section. The antinony solution and the
[ithiun al um num m xtures used are described in
Conparative Exanple 4. The alum numtarget is 10 or
25 or 40 ppm The target Li:Al nDIe ratiois 1, 3 or
5. The P-M MR target is O, g . In the cases
indicated in Table 9, 8596Bﬁ ?phorlc acid is added in

Stape 14 of }:ihifehe(le I [ 'ow ng arrfay. SP% phpsphofic a¢id
i s hdded nea Ttgn $ ra0P: 5801 (4o 1 luf £on pf 85%
Sar%@?m@ﬂaﬁlrear eandl T@j}eI I|RPT & fwaat er %%n EXCEPLXRHP I v | 1ty
Sanpldeg 2 whewi®_a| fhin)25 | phgdh@pric | @bid| OB (ppm) | (dLig) | (dUg) |
CBMz| I pore water soffutionj{is uded. [The pplynefization '
@AFTOT T Sepper agpll Undel Lomilr Gbs®] dod ™ CHIM | o545 | 0.004
% Mati 0RgS stergb_Frogrcun‘gé%Ango _rl&fgant The 0.852 | 0.905
OW' 119 I ZYurrus
Ir‘?% 52062 54616 téﬁé‘g-&{—w—eu stbeinl 48k o1pLossr] 001
the one used in stages 5 to 16 of the array. The
finisher tinmes used in stage 12 are based on finisher
‘t rhp 1 " f‘nrmar ati v v annl le_l;'re 'E __gfl L
Stdge nijh oC E]torr) xﬁﬁmml O. 1 265 130 OI 2 1|g gﬁﬁn
730 12p0*| 3 2 |26PP33W* BO0* |4 1]|265 330 3pE BA;%O 295/5 | Soln
SamB8H A 30*| 18RQa [6 2 485 30 300 L7 1228580 2DA4 | 8 20 Haze
233 @maAn(ppmp_[Xpordq (ppm) ppm) (ppm) § (ppm) | (ntu)
cB-12 {. . : : . . ) . . : 188 ] .
47| 3565 1035] 103]. . 882} -26] 86|803| 56| 75| 149
50] 366} 104.2]101.9]. . g76| 24| 88|796| 75) 75| 188
12 ]. . . 237 19]1836| -16] 15|817] 164 347] 223

There is about a 71% reduction in AA generation for samples 47 & 50 in Table
7, " Na/Al-catalyzed PET with late addition of P' as compared to samples 189
& 7 in Table 6," Na/Al-catalyzed PET without late addition of P.' The large
magnitude of this reduction may enable entry into AA-sensitive water bottles
and duai-use applications (water & CSD). There is about a 78% reduction in
AA generation for samples 47 & 50 made at 285°C in Table 7, * Na/Al-
catalyzed PET with late addition of P,’ as compared to the Sb control made at
275°C, sample 12 in Table 7, There is about a 76% reduction in free AA for
samples 47 & 50 in Table 7, ' Na/Al-catalyzed PET with late addition of P' as
compared to samples 189 & 7 in Table 6,' Na/Al-catalyzed PET without late
addition of P." Less stripping of free AA will by needed, if any. There is about a
60% reduction in solution haze for samples 47 & 50 in Table 7, ' Na/Al-
catalyzed PET with late addition of P' as compared to samples 189 & 7 in
Table 6," Na/Al-catalyzed PET without late addition of P.' The Na/Al-catalyst
system with late addition of a phosphorous compound has not yet been
optimized; therefore, these samples do not necessarily illustrate the best that

can be done with a Na/Al-catalyst system.
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10 60 285 4 200 11 2 285 0.5* 30* 12 Variable 285 0.5
30 13 3 285 650* 30 14 2 285 650 30 15 1 285 0.5*

W@ 307085256 285 0.5 45 = ranp The stirring SysSPENUSEN06/034616
automatically calibrated on torque between stages 4
and 5. Calibrating on torque neans that the background
torque, that is the torque before the polyner starts
to build appreciably, is determ ned and subtracted

gut of _thg msaslur!ed torque as the polyner builds. 129
/ US2006/ 034616 Tabl e 9 Fi ni sher
THe &‘ngm&reaﬂ—c?ﬁﬁ)ceﬁui’é Méd?aFé ABsdriBRdAhe liftbduictibRRo the Al
I CP rrApeRatlo 8 %Ratlo(mn) (ppm
ExamnpleyRectipm)A 0:94 wixvet1 % Shesluiopra ngade from antgmony
0.0 1. 10.6 2.5 0.92 21.1 0.9 101 285 0
tfﬂ?‘ieté.z%'“z?té ‘ff‘ﬁﬁ%@é’& 0.2 391285 1 174 10.8 2.5 0.9
12.9 0.5 68 1 2851 174 10.6 2.4 0.88 30.3 1.3 49 3

280 0.5 182 9 8 3.46 26.7 0.6 50 5 275 0 189 % 9..
Alyminumgsorropoxide anddithing hydresidesrg hepted yp ig 25 In an

Jihyo&ite wih 18y bitria piroben filge; § ribdhpte St aLand a
tﬁeﬂﬁoé’&;pﬂem e mbeufe Rieded fdrtabae 3% hdnse3265C34 aghieved.
1QheStarget Al level is 0.3 wt.%, and the target Li:Al mole ratio is 1, 3 or 5. Per
ICP-OES, the mixture with the Li:Al mole ratio of 1 has 0.33 wt. % Al and
0.084 wt. % Li. Per ICP-OES, the mixture with the Li:Al mole ratio of 3 has
0.33 wt. % Al and 0.28 wt. % Li. Per ICP-OES, the mixture with the Li:Al mole
ratio of 5, which is heated for about 3 hours, has 0.38 wt. % Al and 0.45 wt. %
Li.

The polymerization reactor is operated under control of a CAMILE™
automation system, programmed to implement the following array. For the Sb
controls, the stage 5-12 temperatures are 280°C. The temperature listed in
Table 8 is the one used in the array for stages 5-12 The aluminum target is 10
or 25 or 40 ppm. The target Li:Al mole ratio is 1, 3 or 5.
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26 3 280 0 114 21.2 17.2 3.15 1.8 0.0 1 3 280 0.5 114
23.2 19.3 3.23 50.2 0.4 2 3 280 0.5 1114 24.6 19.6

wW@2m7M635266 0.5 3 3 280 0.5 114 24.8 19.5 3. 06 BOI/BSIING034616
27 3 280 0,5 114 24.7 18.5 2.91
114 22 17.7 3.13 44.7 0.4 29 3
3.12 55.3 0.5 57 3 280 0.5 114
58 3 280 0.5 114 22.8 18.9 3. 22

46.3 0.4 28 3 280 0.5
280 0.5 114 22.8 18.3
23 18.3 3.09 43,7 0.4
51.3 0.5 59 3 280 0.5

114 24.5 1816204 -Bd 4—Orc 53286441422 1 18.8
3.31 116.4 .1 73 E",‘Ess 0/8MPs pX3Y .62%;.”0} 17.6 0.4
69 5 280 0. hStages (ny 4 eClhc k(g PA)275 0 163
36.7 9.2 0.97 0 d.l0_69.11| 275265 163 79 8 9. 800. 96
115.7 1.3 48 1 285 0 6B B7.62667 1 7800, ©60"47 (1 285 1
63 40.4 9.95 0.906 [123. 4 4|3 26613365 1| 8337./8 9.9
1.02 99.4 1T I3 280 P[5 95657.6 330 B 3308 |92.2 0.5
51 5 275 0 {29 3% 3 44§ #o88 2 Ugpr 245 1 129 37
45 4. 73 2584 24156 %S%Ngggz% %E)L% , 206'1 2 0.0
11 5 285 1 293522 45 352895991 2 77 o 28511 29
36.8 42.85 4.53 Joo. 4 1 B 6 38 1%@9%%% 8 280
100 31 2800100 &P 2802400 385280 13h| 2

9 2 285 | 4* 200

10 60 285 4 200

11 2 285 | 0.5* 30*

12 | 500# 285 0.5 30

= ramp; # = torque termination

The stirring system is automatically calibrated on torque between stages 4
and 5. The finisher stage (# 12) is terminated when the stirrer torque target is
met or exceeded on three separate occasions. No phosphorus compound.is

added to any of the runs in the example.
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60 280 100 61 280 100 64 880 100 130 WD 2007/ 035256
PCT/ US2006/ 034616 XRF Sb XRF P L* New Sanpl e (ppm

W@ pemp32he/ (dUg) 1tV (dUg) L* New a* New b* NeRCPHUF2002034616
0.784 0.828 88.3 -1.9 4.8 83.7 71 0.775 0.818 85.9
-1.5 4.2 82.0 10 0.86 0.914 85.2 -2.4 5.5 79.8 39
0.823 0.872 88.2 -2.4 6.2 82.3 68 0.828 0.877 79.8

-1.8 3.3 76.5 49 0.895 0.953 90.2 -2.7 8.8 82.1 50
0.876 0.932 86.2 -2.8 7.5 79.1 72 0.781 0.825 82.9
-1.9 5.0 78.2 25 0.87 0.925 88.4 -3.2 9.1 79.9 67
0.775 0.818 85.8 -1.8 5.6 80.6 66 0.843 0.894 89.1
-2.8 8.4 81.3 19 0.818 0.866 88.9 -2.7 9.5 80.2 26
0.889 0.947 81.9 -3.5 7.8 ahlg8 1 0.869 0.924 86.5
3069377 05 20824087387+ 53— 0—H—+7872—3
-g, 1B il Bve 2 gﬁi%bo 861 8d.1 -3. 4
Qr(“p% 3,(% %ﬁ?u MRS ] (Bndw |28 B2 b* New
01989 {19285 9! 48P F Y- © 8@% 12- 811 5.3
087110988 48 Fsg 510 11 2 7§/ 09221 5.59
$1 32 |9 955 19 ®a7 o0f 0. 828 OgFh7 84282 7.31
9.6 7.4 3 86.67 -2.47 6.88
10.35 11.75 4.41 88.63 -2.94 8.44
11.7 11.35 3.77 85.02 -2.63 6.61
24.8 6.15 0.96 83.41 -2.72 554
23.75 19.95 3.27 85.41 3.4 9.04
22.35 18.05 3.14 87.95 -3.37 10.66
21.7 18.3 3.28 88.21 -3.36 10.34
20.85 18.5 3.45 88.15 -3.14 9.24
25 19.8 3.08 85.61 -3.7 10.03
23.35 29.55 4.92 88.82 -3.01 9.51
451 18.5 1.59 87.31 -3.26 9.39
39.25 9.8 0.97 88.87 -3 8.78
35.8 30.5 3.31 88.66 -3.29 11.13
34.9 44 .95 5.01 88.83 3.48 11.34
36.85 46.25 4.88 86.42 -3.17 12.43
243.9 83.98 -1.15 423
247.2 81.63 -1.2 46
239.1 82.42 -1.45 418

*The ICP data reported on -199 is a single measurement.
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73 0.822 0.871 86.1 -2.2 9.1 78.0 69 0.773 0.816 88
. . . . . .5
-2.1 10.7 79.1 20 0.855 0.908 85.8 -2.9 7.4 78.7 65

WO2800325856 84.3 -2.5 6.9 77.8 48 0.835 0. 88BCBBSBI06/034616

-3.1 6.6 76.8 47 0.714 0.75 88.7 -2.4 7.4 81.8 76
0.723 0.76 88.9 -1.8 7.7 82.0 12 0.837 0.888 85.7
-3.1 12.9 74.1 51 0.89 0.948 85.1 36105753 24

037é2L8 Z4§ 86.7 -1.9 9.0 78 7 5A 0804 0.85 8

3. "1 74]5 11 (.633 0|661 864 -2.

0. 658 |Med8BLBAVBICA |8XRF. 8 78. 7 6|238. 61- 9.9 Z)?- I\Tew
San6 | 8Fopin)- (.LBAUMR | 7dprm) 7 Biddew | 73" Nevh 7b|* eMHQRAdJ
8788 J1.268. 0 7080 |8 226 4 6898 4 783 0lgoR3g2 |y 840
318 73, 02681 22068 42 8 0 70800 743 82 3| 15P 317 8%
329934 5755 (. 76870811 8216 8403 |3 B9 a Tl 3, 8L0"
6523 (0. 704 080638110 -1 213 8.3 g %% 443 69 13l 302
01758 [0.7198 A3 641110 5.0 40.98661 220 g 13384 d SH07
01837 |33.185 1 43473 |80 0 d4 598 3 1060 2 o o o p1G!
81374 |1 613 4 7096 (131 wolonB¥todsars’ R W
P03T U 950326887 e ocsed wioton 1ot il + &0 5 1o 768
LA1$hi|p 18.05r dss8d? darmpl e Al £3.0 o B4 T 1781
g a* dp lpx 34 Haze Ueh'ﬁ gD LRSI NTHE 3 - D786
419 1l 4856 J523#°5 19 993 CVege | omaf. g 2920 PO795
R IR EI P E X O AP AT IS e B . G
— 1180 102905 lhad92 | 19 %gd O .99 Y %5 1¢. 90.0

199 185 | 1.59 87.3 -3.3 9.4 78.5
5 9.8 0.97 88.9 -3.0 8.8 80.6
121 30.5 3.31 88.7 33 111 784
120 44.95 5.01 88.8 35 11.3 81.2
111 46.25 4.88 86.4 3.2 124 75.2
132 2439 84.0 12 4.2 80.1
135 2472 81.6 12 46 775
136 239.1 82.4 15 7.2 785

Example 5:

The oligomer and procedure used are described in the introduction to the
Examples section. The antimony solution and the lithium/aluminum mixtures
used are described in Comparative Example 4. The aluminum target is 10 or
25 or 40 ppm. The target Li:Al mole ratio is 1, 3 or 5. The P:M MR target is O,
0.50r1.

In the cases indicated in Table 9, 85% phosphoric acid is added in Stage 14
of the following array. 85% phosphoric acid is added neat or as a 50:50 or 1:1
solution of 85% phosphoric acid and Millipore water. An exception is Sample

12 where a 75:25 phosphoric acid (85%): Millipore water solution is used.

The polymerization reactor is operated under control of a CAMILE™

automation system, programmed to implement the following array. The
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39 10.8 2.5 12.9 85.5 -1.7 9.1 77.53 9.3 0.984 68
10.6 2.4 30.3 73.7 -2.0 10.9 64.13 22.1 1.114 49 9 8

wQ@en7/08as¢t -2.4 11.2 76.43 7.0 0.988 50 10.9 RAT/WSE06/034616

83.8 -3.0 14.0 71.40 6.9 1.017 72 13.4 11.9 55.4 81.6
-2.1 9.5 73.20 12.0 1.034 25 11.4 11.1 1.9 85.6 -3.6
15.7 71.65 5.4 0.98 67 9.5 11.1 62.4 83.4 -2.0 9.8

STl %R B hfesds b8 B Sy

OrterfinisRér thhe? uddd th dtage R bre- Hadkd2éh fAinisRefmad i

Copparaiive

2 19.3 50.2 84.3 -3.6 16.4 69.78 13.2
@mMRed-61.6 85.1 -3.4 15.3 71.54 14. 4

1.009 3 24.8 19.5 59.5 83.3 -2.7 17.1 68.48 12.6
0.987 27 24
0.998 28 22
22.8 18.3
18.3 43.7

29
23
18.
18.
18.
47.
83.
- 3.
-1.
17.
10.
78.

ONOPOO®O OO

51.3 85
54.4 84
116.4 8
83.8 -3
-2.9 16
16.6 69
10.9 72
64.20 1
76.19 1

06 8.9 0.
13.4 0.979
1.015 24 37

7 18.5 46.3 83.4 -3.4 17.1 68.43 16.4
17.7 44Ti”_7985. 7Temp 4 1% 71,97 12]8 0.976
gggey a{mi) . 3 n(€s 2 g5 dree)1 (4 57
84 .81.13 2 P4 pn £8268| 15 B0y 964 058 22.8
2 -324 17 01070_1328%| 9 (7398715059 24.5
3 -331 14.8 2711, 2228%| 3800, 96780052 22.1
9 -2.18 15.41 69. 4269.8. 0 $0977 303 |24 18.6
4 1654 69.320 17852 1.08® 69 25308./4 85.4
5 69622 19. 2 0. 98285 20 3&07 9. 300,83.9
29 17.15 0.992| 652898 9.8 |12b6* 7 81.8
26 168./6 1.0a8! 48287|6 9.30 2 7208 |-3.3
6.4 19061 4% @40.428 P 123.14 8%pb|-2. 1
1.4 00992 7do B7.8285 0 99.4 [86. hop2.1 9.8
07 %2 |37.6 30, 8 9282 84« I -|%oL 2110 65.68
T 3523 Afiadhe 2| 80. 8g5 #. U 3|6 60585 26.7
45 288.2 843l - 2. 6g5lpesh+09./56 73g(0. 98
14 2 285 650 30
15 1 285 | 0.5 45*
16 5 285 0.5 45
e =ramp

The stirring system is automatically calibrated on torque between stages 4

and 5. Calibrating on torque means that the background torque, that is the

torque before the polymer starts to build appreciably, is determined and

subtracted out of the measured torque as the polymer builds.
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56 37.7 45.7 2 79.5 -4.0 26.6 56.58 20.2 1.01

35.2 45.3 289.2 83.4 -3.1 19.0 66.96 12.3 O. 985 1%7
W@ 2003/032585 299.4 84.7 -3.4 17.2 69.55 9.4 0. 9B21/US2006/034616

77.9 -0.2 13.1 67.39 18.1 1.018 7 79.5 -0.5 10.0
31 12.3 1.007 8 77.6 -0.5 11.4 68.24 17.0 1.024
75.0 -0.5 13.1 64.34 17.2 1.044 32 80.9 -0.5 11.5
42 9.2 0.986 33 77.8 -0.4 11.6 68.38 14.0 1.023

71.
31
71.

gg §£.4 -0.6 11.6 71.86 apl®9998 61 78.8 -0.9 9.4
751005649t PT 4 tO 70§09 3L, 013
132 0y R0074035256 RG]/ tin20P6E0846 16> Li Sapmi:y 557) IcP
shpiiT) Adm liaédd) |Trratob | ( @)in) T hppn) ((C)eome gy (¥R gp @PIc PMMR
TP AL 1CH 12751112607 n5qr27‘hc~ﬁ§5‘ 2Ana S0 ) 205 L 0.0
U1 1571149 F§ T Ao 3T e Tl o ab ] 002 - 2 0.9
A0 k14 YT V94 21 I ok IJ| 235 - o104y o34 1] 1>
S0 £ 51 I7P 289 (154 145 @4 4 1G9 1028 2. 50494 2 610.5
18 B4 8 B82d50.16 2. 4 1064 233106, 144 32 08 o%@g 1d3
283 1613150 2% 86 10 6211 4910k %o ly it 4- 282 1 06
~50 1% 15111l 02Be g Pog (0489 2 d- 105 [ T4 " oA07 2z 0.0
Lo A 95 oS0 oA T 97 1449 S | Zaasl ]l Zsd 1T 08
150191 :23P$59 146 39 350 67 Yib Ll 6P, 476200 240 | 158
147 389 62063 61 29. 8oulBH 2BR JRTLMEE 88 5 074 Jo i
TR 515417 [ 898035 083 |158337 #6328 -8 ol 188% 11 R¥8,45°0.
18R AA473E0l 4275 ha0b o WAcd 22801 J88 1,,%.15‘ 7312299 05
26 3o 2800 [ T4 oY B1.£9 ypH 1091550 1.8 0.0
1 3 280 0.5 114 23.2 19.3 3.23 50.2 0.4
2 3 280 0.5 114 24.6 190.6 3.1 61.6 0.5
3 3 280 0.5 114 24.8 19.5 3.06 59.5 0.5
27 3 280 0.5 114 24.7 18.5 2.91 46.3 0.4
28 3 280 0.5 114 22 17.7 3.13 447 0.4
29 3 280 0.5 114 22.8 18.3 3.12 55.3 0.5
57 3 280 0.5 114 23 18.3 3.09 437 0.4
58 3 280 0.5 114 22.8 18.9 3.22 51.3 0.5
59 3 280 0.5 114 24.5 18.5 2.94 54,4 0.5
52 3 280 1 114 221 18.8 3.31 116.4 1.1
73 3 285 0.5 64 24 18.6 3.01 476 0.4
69 5 280 0.5 84 25 28.4 442 85.4 0.5
20 1 275 0 163 36.7 9.2 0.97 0 0.0
65 1 275 1 163 39.8 9.8 0.96 115.7 1.3
48 1 285 0 63 37.6 9.7 1 2 0.0
47 1 285 1 63 40.4 9.95 0.96 123.4 1.3
76 1 285 1 63 37.8 9.9 1.02 99.4 1.1
12 3 280 0.5 96 376 30.8 3.18 92.2 0.5
51 5 275 0 129 35.3 44.8 493 2 0.0
24 5 275 1 129 37 45 4.73 258.2 1.1
56 5 285 0 29 37.7 45.7 4.71 2 0.0
11 5 285 1 29 35.2 45.3 5 289.2 1.2
77 5 285 1 29 36.8 42.85 4.53 299.4 1.3
6 280 100
7 280 100
8 280 100
31 280 100
32 280 100
33 280 100
60 280 100
61 280 100
64 280 100
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2 24.6 19.6 61.6 191 240 158 150 35.2 3 24.8 19.5

59.5 236 156 162 35.1 27 24.7 18.5 46.3 236 155 168
wel004/03286 22 17.7 44.7 238 153 170 41.9 29 22P@r/182086/034616

55.3 235 157 158 32.6 57 23 18.3 43.7 239 154 164

30.9 58 22.8 18.9 51.3 235 195 158 156 41.9 59 24.5

18.5 54.4 237 153 169 40.3 52 22.1 18.8 116.4 239 157

T49] 39 73 24 1§.06 47.p 197 430 153172 3636925
28. B XBBSsH 23#!150 160 B7.1 20 36.7/ 9.2 0]239 198k
San®B. |8 (pD B9 (pBMP. |$VIdIFg) [/1tVI0I69)2 410 Nt 7| Bi8w32. 5 Nektd 37Adj6
20 71 2 1901240 16007787 B60.8e8 47 83, 4] 9-95 1234.81 2088341
Mm53l 1490 30 4 74 PA7R D @818 (4 8pF1 DAABIEE 1462 49 82.0
195 b7 g 30 g g2 |2 58 hc®9Mag 25 | 5248513 ﬁﬁ 279833
39 CA 4./”- [ .0 [ \éﬂ_ﬁ ")“%7") 1 ‘2’)/I1 121'\42 [~¥a) 22 O 2’;&:
68 L ST o 1 0,828 ORI | o788 | e 2 o
AR 4011272480 J':b"895"+" o 553% '2\)\?. f‘Z:TJ,.: & 82“1
5@42 15T 151 40 [T hs3®- B Gg3204 9 4 24 15T 453 oo—,-gq
75 2136 156170 40. %787 P35sitoU IHad 3B 3G9 8 195&04 5258
2959 39.6 (31 238 1h& 1pb8o.®5. 3 &2 237-31H61|16d1 38. Z79.933
6239 159 161 37.3 9505 1Db50.2136 |1634.815l6 3B 6| 646 14/ I/
66 za 150 41 2 0.843 0.894 89.1 -2.8 8.4 81.3
19 0.818 0.866 88.9 2.7 9.5 80.2
26 0.889 0.947 81.9 -3.5 7.8 74.3
1 0.869 0.924 86.5 -3.0 9.3 77.8
2 0.824 0.873 87.5 -3.0 10.1 78.2
3 0.83 0.88 86.5 -2.1 9.7 77.9
27 0.813 0.861 86.1 -3.4 10.0 76.8
28 0.813 0.861 88.2 -3.2 11.0 78.1
29 0.82 0.868 84.6 -3.3 8.6 76.4
57 0.812 0.859 88.7 2.8 10.3 79.3
58 0.841 0.892 88.9 -3.0 11.2 78.8
59 0.818 0.866 87.6 -2.9 8.6 79.6
52 0.828 0.877 84.0 25 9.2 75.6
73 0.822 0.871 86.1 2.2 9.1 78.0
69 : 0.773 0.816 88.5 -2.1 10.7 79.1
20 0.855 0.908 85.8 -2.9 7.4 787
65 0.809 0.856 84.3 -25 6.9 77.8
48 0.835 0.885 83.3 -3.1 6.6 76.8
47 0.714 0.75 88.7 24 7.4 81.8
76 0.723 0.76 88.9 -1.8 77 82.0
12 0.837 0.888 857 -3.1 12.9 74.1
51 0.89 0.948 85.1 -3.6 10.5 75.3
24 0.712 0.748 86.7 -1.9 9.0 78.7
56 0.804 0.85 84.0 -36 10.1 74.5
11 0.633 0.661 86.4 -2.1 0.9 77.6
77 0.658 0.688 87.3 -1.8 9.9 78.7
6 238.6 74.5 0.728 0.766 83.1 -0.8 4.0 79.5
7 242 1 72.1 0.746 0.786 82.8 1.2 3.0 79.9
8 226.4 65.8 0.763 0.804 82.1 -1.2 3.5 78.9
31 229.8 92.8 0.708 0.743 80.3 14 3.7 76.9
32 238 57.2 0.769 0.811 82.6 -1.3 3.6 79.2
33 234.9 65.3 0.764 0.806 81.0 1.2 3.2 78.0
60 241.8 110.4 0.758 0.799 83.6 -1.0 5.0 79.2
61 2459 119.2 0.792 0.837 83.3 1.4 3.3 80.0
64 2453 104.2 0.776 0.819 81.4 1.2 4.3 77.5
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64 189 238 158 151 37.2 133 WD 2007/ 035256

PCT/ US2006/ 034616 Pressed Chip L* Chip - Pressed
w@200ploss2@hi p L* Chip a* Chip b* Adj Haze Chi p REA/US2006/034616

CvM01 84.6 -0.6 2.3 82.57.81.0 CM01 84.9 -0.5 2.5

82.7 6.9 1.0 CM01 85.2 -0.6 2.4 83.0 10.5 1.0 Cauo01

85.4 -0.52.383.46.21.0 CMO01 84.9 -0.5 2.5 82.7

6.9 1.0 CM01 85.1-0.42.283.27.01.0 Cv01 85.1

-0.5 2.3 83.1 1.0 134 WO 2007/ 035256 PCT/ US2006/ 034616

ATy 1&2&; m TCP AT TP L HFCP PH Resi dlial 29bpPtessed
veoPUt ioemi | SERPI e ) ChimA* pm Pressed
Saivpie) | A (ppr)  HERe /(ﬁm\ Ci()lg Bo 6r§ipea9 ?th p? r)n Aﬁﬁ‘ - Gaze ,| Chip RHI
SV 08 s 24 [ 540, Lo 853 | 420 1 00177882 Y T 7] 0993
A P b |0 25 0 (281t {842 I T-14- 3 14g S| #579{ 0122 1.013
3R ST 6624 72229 A 4 830 (1028 4. 51232.|9718. T 1@3 /| 1.035
TBob b. 8.8 08 49. 6 224 30885 20. 2727 2919 |57783 B 9 aps4
2687 17108 726_(Q 208 |5l 9291 |4 W95 54- 21122 | 1114
E 4 b 9o la Brd 287 4| 564 o228 1 f120T 6&; ~ 0 P 00988
o750, | cq00n | tiAq _J2 |88 Y39 Y O14bS. 1471400 | LIs A 1.017
T 338 0114219520 U &8 [ 6£19.5 4. 1 62204 (2128 1.034
257 P. 8.48.18 1166 [261.8 6 296 8| 12860 9. K76 |0 71 5149 0.98
2678 18958 Ha H.113 24 5 /34 L A0 9.8 74.76 13.8 1.006
66 26.3 6 208 1 865 |  -2.1 9.8 77.87 9.1 0.967
19 22.8 18.5 54.2 85.6 -3.2 14.9 72.36 9.1 0.977
26 21.2 17.2 1.8 77.6 -4.0 22.9 57.65 214 1.064
1 23.2 19.3 50.2 84.3 -3.6 16.4 69.78 13.2 1.009
2 24.6 19.6 61.6 85.1 -3.4 15.3 71.54 14.4 1.009
3 24.8 19.5 50.5 83.3 2.7 17.1 68.48 12.6 0.987
27 247 18.5 46.3 83.4 -3.4 17.1 68.43 16.4 0.998
28 22 17.7 44.7 85.7 3.4 15.9 71.67 12.8 0.976
29 22.8 18.3 55.3 81.9 -3.1 15.2 68.45 19.8 1.04
57 23 18.3 43.7 84.8 -3.2 19.0 68.28 15.9 0.964
58 22.8 18.9 51.3 85.2 3.5 17.0 70.13 17.9 0.987
59 24.5 18.5 54.4 84.3 -3.1 14.8 71.22 15.2 0.967
52 22.1 18.8 116.4 82.9 -2.8 15.4 69.47 18.0 0.977
73 24 18.6 47.6 83.8 -3.4 16.4 69.34 17.2 1,002
69 25 28.4 85.4 83.6 2.9 16.5 69.22 19.3 0.982
20 36.7 9.2 0 83.9 3.4 16.6 69.29 115 0.992
65 39.8 9.8 115.7 81.8 -1.9 10.9 72.26 16.6 1.028
48 37.6 9.7 2 79.3 3.3 17.2 64.20 16.4 1.061
47 40.4 9.95 123.4 85.5 2.1 10.5 76.19 114 0.992
76 37.8 9.9 99.4 86.7 2.1 0.8 78.06 8.9 0.97
12 37.6 30.8 92.2 84.1 -4.1 21.0 65.68 134 0.979
51 35.3 44.8 2 80.8 4.0 23.6 60.35 26.7 1.015
24 37 45 258.2 84.1 2.6 16.9 69.56 7.3 0.98
56 37.7 45.7 2 79.5 -4.0 26.6 56.58 20.2 1.015
11 35.2 45.3 280.2 83.4 -3.1 19.0 66.96 12.3 0.995
77 36.8 42.85 209.4 84.7 -3.4 17.2 69.55 9.4 0.982
6 77.9 -0.2 13.1 67.39 18.1 1.018
7 79.5 -0.5 10.0 71.31 12.3 1.007
8 77.6 -0.5 114 68.24 17.0 1.024
31 75.0 -0.5 13.1 64.34 17.2 1.044
32 80.9 0.5 11.5 71.42 9.2 0.986
33 77.8 -0.4 11.6 68.38 14.0 1.023
60 81.4 -0.6 11.6 71.86 6.8 0.998
61 78.8 -0.9 9.4 70.93 7.5 1.005
64 79.1 0.4 10.4 70.60 9.3 1.013
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26 21.2 17.2 1.8 35.9 25.6 17.5 14.1 1 23.2 19.3 50.2
4.9 9.8 6.7 15.2 2 24.6 19.6 61.6 4.1 8.16.1 11.0 3
wWQ2003/03R56 59.5 4.1 9.7 5.7 11.2 27 24.7 18. 5P@BUS006/034616
12.8 9.7 7.2 6.2 28 22 17.7 44.7 15.1 9.3 7.4 4.4 29

22.8 18.3 55.3 16.5 9.0 9.6 9.9 57 23 18.3 43.7 15.4

10.5 8.2 4.2 58 22.8 18.9 51.3 16.6 8.7 5.8 3.9 59
[ 3-Q [ A /| 19 QO Z o L [ lo) ')'1 1 10 O 11
L‘-l-. D10, J [J%. Ig. OO0 9 T17. 9 J JZ[ ZZT L JOU. U I

21. 4 &3 AP 1@31154 Ocp B3 | 24588.6 4 6| 238 10.37- B 7- 2

Sarﬁﬁa 25(p3r8) 4 Grd PLpgn9]fim 6a @)4m3b (BPTR8-@ |9l ©) P4 st

2220 bo 689.8 oB Ulb244 1. 9548.[1 148 2| 2398

748 71669 7 2544 72p7. 6 2W90 [2028 H7 140. 4 9185 [1237.4
185 § 2916 7 2028 2B 34 7¢ 31758 |9, 88990( 4 180, ] 1W55 [15384
__i%g_ D198 37 8530[ 8139 » o127 (10239 gl 4 1813 | 5M835| 3348
684 & 306515 34 o 0305 b9 196 oy 238 4E SR 9 oH9o k37
49 K c90 I BITLTAT 15 198 A 4333, b 16T od 150, 3%‘1%
e Dl = X T s . A -G Wl - S0 I 77 5 S LD ST o =22
—A5 B 2891 5 252 19 T1g6 240 OP- 957219917 “ a3 g
2410 3P40 115113 Ol O 1o ZZ2 8131 7239l U g U 17383 F )
616. b 965 29. 4133. 3 234 6[10d [312408. ¥ 286 2 [201483 2ZP. 889
682 B420334.166.0 2%8 3| 3B534. 6284. D 1872|2315 36.5
19 228 18.5 54.2 189 235 158 155 37.4
26 21.2 17.2 1.8 239 158 147 50.4
1 23.2 19.3 50.2 234 156 168 38
2 24.6 19.6 61.6 191 240 158 150 35.2
3 24.8 19.5 59.5 236 156 162 35.1
27 24.7 18.5 46.3 236 155 168 40.4
28 22 17.7 44.7 238 153 170 41.9
29 22.8 18.3 55.3 235 157 158 326
57 23 18.3 43.7 239 154 164 30.9
58 22.8 18.9 51.3 235 195 158 156 41.9
59 245 18.5 54.4 237 153 169 40.3
52 22.1 18.8 116.4 239 157 149 39
73 24 18.6 476 197 236 153 172 36.3
69 25 28.4 85.4 238 150 160 37.1
20 36.7 9.2 0 239 158 151 30.8
65 39.8 9.8 115.7 196 240 157 148 326
48 37.6 9.7 2 190 240 160 147 36.4
47 40.4 9.95 1234 208 241 153 149 39.4
76 37.8 9.9 99.4 191 240 155 157 49.2
12 376 30.8 92.2 234 152 168 365
51 35.3 44.8 2 238 151 145 38.8
24 37 45 258.2 196 241 153 150 36.9
56 37.7 45.7 2 240 151 145 39.2
11 35.2 453 289.2 190 242 151 151 40
77 36.8 42.85 | 2994 241 157 153 36.8
6 236 156 170 40.4
7 235 160 164 38.3
8 194 235 158 159 39.6
31 238 155 168 373
32 237 161 161 38.2
33 239 159 161 37.3
60 195 236 164 156 39.6
61 177 237 159 150 41.3
64 189 238 158 151 37.2
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60 25.6 31.0 22.5 5.5 61 33.6 33.7 15.9 9.8 64 31.3

34.4 22.2 8.5 135 WD 2007/ 035256 PCT/ US2006/ 034616
WO200GEB$28A Cen Residual 295/5 275/10 Sanpl e ARCT/pR2up6/034616

(ppm) (ppm) CB-12 0.8 17.6 14.7 CB-12 0.7 16.9 14.7

CB-12 0.7 16.0 14.2 CB-12 0.9 18.2 19.3 (CB-12 0.8

16.5 14.2 CB-12 14.8 (CB-12 14.7 CB-12 0.8 17.3 14.9

JB-1Z 1§98 16. EXdlI[ﬂ‘E_G_‘CT{TE—MWdure
Used arg descrilbed the introducdiqn tq;ﬁfp Exarml les
Sesimn | BapLtift ohie 3 eRipBHr) mag urlespsed @S

eeM-00gd BNig Jonpeg atfl Ve £X an§54 TTHER at T
aroped1 1S wgor 1809r 24 pm THE7 tar gt Aﬂoﬂle
atloM01 § 1832 J° 1-9 9 Lloghe PeigVMRtagget s o6 In
t @yeol4 oB53 g T Q)b OW NG AT T[ayg3 BOY o _dcid
s callgieq. Bh§o NOSPEOT|i C 2ot 1 82 A00e0 & d 50 poor
- Tvsol Jt 1 st of| 8% phophor|i Cgagi g andy M oy
viaoer-01 Sangs.e 111-0J5 d [nota xorft agdy much, T —amyp
phosphorus. The detection TTmt for phnosphorus i
about 2 ppm Sanple 111 serves as a PPMMR - 0
exanple for a Li:Al MR of 1:1. The polynerization
reactor is operated under control of a CAMLETM
aut omati on system progranmed to inplenent the
following array. The tenperature in stages 5 to 16 of
the array is 280C. The finisher time used in

= —n S~
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stage 12, 140 m nutes,

tinmes in Conparative

is predicted fromfinisher

Exanple 4. 136 WO 2007/ 035256

WO AS2006/ 034616 Tinme Tenp Vac Stir Stage nPCIT/US2006/034616

(torr) (rpm) 1 0.1 265 730 0 2 10 265 730 150* 3 2
265 330* 300* 4 1 265 330 300 5 50 280* 30* 300 6 2
280 30 300 7 1 280 30 200* 8 20 280 30 200 9 2 280
47200 [IU 60 280 4200 11 2 280 0 Sha i Hankdn 260
0.5 30 13CI3A2%0 1I6PQF BOcPpPt [PR&(a00 008 _1%/;&/1 Sjggolution
1485mAie*| @6mb |28Bprdft) ABpmF IrABph{le @by 'l NEpdY SIHED (niu)
l|s_autonmticcAlTly ced TOrat§d o bphaUE YEEWEEN 15 ages 7,
dnd A. 13718 2004352567 FCT Upg§oo! U#ﬁ. 1§ —Tabt e 1673
Li : Ao Ml e deCP [AT 2P |01 JLP |LT 3y 1[CPoy7 PriMRgS "TPhb4
Ratias (dpmyo.gpm M2A pam 1aet | Thy 1 (dL/ 937 10.5 5.8
63 10.6 2.4 30.3 20.2 22.7 19.5 25.3
49 9 8 26.7 176 8.7 6.0 2.8
50 10.9 14 2 25.6 22.1 16.9 5.7
72 13.4 11.9 554 1.0 10.0 6.6 13.4
25 114 111 1.9 38.0 22.9 20.0 24
67 95 1.1 62.4 21.8 12.7 9.3 8.8
66 26.3 6 29.8 17.0 95 6.0 11
19 2.8 18.5 54.0 12.8 85 6.1 4.4
26 212 7.2 1.8 35.9 25.6 175 X
7 23.2 19.3 50.2 4.9 9.8 6.7 15.2
2 24.6 19.6 61.6 4.1 8.1 6.1 11.0
3 24.8 19.5 59.5 4.1 9.7 57 1.0
27 24.7 185 46.3 12.8 9.7 72 6.2
28 22 17.7 44.7 15.1 9.3 74 44
29 22.8 18.3 55.3 6.5 9.0 9.6 9.9
57 23 18.3 43.7 154 10.5 8.2 4.2
58 22.8 18.9 513 16.6 8.7 5.8 3.9
59 24.5 18.5 54.4 12.8 85 7.9 65
52 22.1 18.8 116.4 21.4 13.9 10.5 8.0
73 24 18.6 47.6 22.9 10.3 73 72
69 25 284 854 21.7 9.4 6.2 45
20 36.7 9.2 0 24.0 23.0 18.9 22.0
65 39.8 9.8 115.7 145 18.1 12.2 21.3
48 37.6 9.7 2 447 27.6 21.0 20.5
47 40 4 9.95 1234 355 217 20.6 285
76 37.8 9.9 99.4 30.7 175 15.8 1220
12 37.6 30.8 922 21.7 10.8 8.4 8.3
51 353 44.8 2 26.2 342 22.6 39.3
24 37 45 258.0 28.2 15.0 10.8 57
56 37.7 45,7 2 654 41.0 25.7 38.5
11 35.2 45.3 289.2 55.2 22.2 14.7 75
77 36.8 42.85 | 2994 416 18.6 13.8 65
6 22.9 31.7 21.0
7 30.1 33.4 25.0 16.6
8 29 4 33.3 23.6 185
31 282 28.2 20.8 29.8
32 342 34.1 26.9 15.3
33 36.6 34.9 18.2 235
60 256 31.0 22.5 55
61 33.6 33.7 15.9 938
64 31.3 34.4 22.2 85
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111 1 22.2 5.8 1.02 2.9 0.1 0.857 116 1 26.5 6.3 0.92
44.7 0.8 0.845 119 1 23.8 5.7 0.93 43.7 0.8 0.809

wa 1783566 13. 7 3.33 37.3 0.5 0.873 120 3 17. 2PABUS2006/034616
3.14 47 0.6 0.84 114 3 17.2 13.6 3.07 56.3 0.7 0.822
115 5 11.6 11.8 3.95 51.5 0.8 0.834 118 5 9.6 12 4.86
38.7 0.6 0.835 ICP Al ICP LI ICPP L*AI\II_6W48an”p|e

* * : 2.2 5.8
(ppm _ppm (ppm) [TF NeW[a~ NeWTtRA SEWT M Get 11 2
2.9 87.6 -2.9 8|3 79. 9| RlfuAb. 20653 4475/ 1 -2.5

6.7 81.7 119 23. Sanfpld |AR.(Fpr38- Goprd- 8 (ppfn)8Q- 7_ 112 16
13.7 37.3 89.2 {3CB-12I|U 69 . 1| 1&FE I 214589 47 85.0
-3.0 8.9 76.7 11&BLg. 7 1976 $6.%.80(3 147018.1 78.7
115 11.6 11.8 51.6B86. ¥ -4.76 9. 560/- 9 a8 9.6 12 38.7
85.4 -2.8 8.7 77.8B-1213 908 Il 5a%l. 6 84 3.0 9.4
79.3 ICP Al | CP[LCBIHEP|P 6BI p|LCr1eF €$5efio sanpl e (ppm
ppm (ppm Chip L*CBhep|a* Chip b* Ad] CGugp RH 111
22.2 5.8 2.9 86]{2CcBA29|11.8 75.7 0.990 14116]26.5 6.3
44.7 86.6 -2.0 8.TB8.8 00887 1F® 2B. 8i4m 7|43.7 86.4
-1.9 8.3 78.9 0]99B-12112 16 18. A8%/. B 8f.0or {3.4 13.8
74.3 0.976 120 17.2 13.9 47 83.7 -3.0 1377 71.5 1.031
114 17.2 13.6 56.3 84.6 -2.8 12.3 73.6 1.031 115 11.6
Bxeniie 6 86.3 -2.6 11.2 76.4 0.997 118 9.6 12 38.7

.3 -2.6 10.9 76.5 0.988 113 9.5 11.5 41.6 86.8 -2.6
?&e?olp%_nier@ryggrocedure used are described the introduction to the
Examples section. The lithium/aluminum mixtures used are described in

Comparative Example 4. The aluminum target is 10 or 18 or 24 ppm. The
target Li:Al mole ratio is 1:1, 3:1 or 5:1.

The P:M MR target is 0.6. In Stage 14 of the following array, 85% phosphoric
acid is added. 85% phosphoric acid is added as a 50:50 or 1:1 solution of
85% phosphoric acid and Millipore water. Sample 111 did not contain much,
if any phosphorus. The detection limit for phosphorus is about 2 ppm. Sample
111 serves as a P:M MR ~ 0 example for a Li:Al MR of 1:1.

The polymerization reactor is operated under control of a CAMILE ™
automation system, programmed to implement the following array. The
temperature in stages 5 to 16 of the array is 280°C. The finisher time used in

stage 12, 140 minutes, is predicted from finisher times in Comparative
Example 4.
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Cv01 85.1 -0.5 2.3 83.10.981 CB-12 CMO01 85.4 -0.6
1.8 83.7 1.011 138 WD 2007/ 035256 PCT/ US2006/ 034616

275/ 10 Haze
(ntu) 111 2

I
2.2 5.8

WE200GRM28A Gen Sol ution |ICP Al

Sanpl e (ppm ppm (ppm (ppm (ppm
20.1 18.2 11.6 116 26.5 6.3

2.9

| CP

Li

| CP P 29B('BUS2006/034616

44.7 12.4 8.8 9.1 119 23.8 5.7 43.7 11.6 9.2 13.6
112 16 13.7 37.3 10.3 7.4 4.0 120 17.2 13.9 47 9.4
7.6 9.4 114 17.2 13.6 56.3 9.3 7.6 7.0 115 11.6 11.8

51.5 11.1 8.8 3.4 |IM8e9. 6| T&B8. [fV&: 5 §.3Hir3. 9| 113
9.5 11.5 41.p5t898 § (@i, 9 | @A 01 2 18rm81)16.0
CM 01 139 WO 2007AQ03525@.1PCT/ UZDP6/ 0BHG16 Waat W
Caimls: 1. A poRyesteri®pl yne85 conpiddi|ti56h
conprising: polyestier pd yner 26Tp8Iri Si|rBPOT epeat i ng
al kylene aryjlate dnits, ang al e hum ggogns 1300 |an
amount of at| | east |3 ppnsdpgsed on| sdre wei ghtzpof t he
pol yner, said polgner havjng agplt. V.3pdf atzpbeast
0. 72 dL/ g obtai ned [t hrough| a negd | phas® | 200*
pol ynmeri zatipn, agd a pagd| Cl exgesl duadg |aceizmghdehyde
| evel of 10 ppm Oy |T€SS & | Thegpposi tijon gl ai m 1,
wher ei n sai d pol' {gEr haSgy [ €p€agd NG UNi s C i sing
et hyl ene tergphthgifate, of hyl'eng, fgght hgrgie, or

12 140 280 0.5 30

13 3| 280 | 650* 30

14 2 280 650 30

15 1 280 | 140* 45*

16 5 280 140 45

e =ramp

The stirring system is automatically calibrated on torque between stages 4

and 5.
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trimethyl ene terephthalate. 3. The conposition of
claim1l, wherein said polynmer has repeating units of
we@rdoglsenes t er epht hal ate. 4. The conposi ti on of PCT/EBI908034616
wherein said conposition further conprises alkaline
earth netal atonms or alkali nmetal atons or alkali
conpound residues. 5. The conposition of claim4,
wherei n said conpositi og fuhf:her conpri ses phosphorus
atoms. 6. The conpositi 6AP | aim5, wherein said
omposTtron— fgrther gonpri sgs pnosgnor us gt ons added
t the ¢ ﬁd@l{ufm‘olee oligeangensaLi dncbm;:Alt hacrel t| phaar.| 7.
NEarkSET O Skdtib O qt)prﬁi di mym Vheng n |t hgprePOosEt | dmV (dL/g)
ongy ng 1Ty qm ad 9ny. &.8 1He ¢oppdsi tagn [of oof al|m &@gs7
NERE| N [t heqconposs 51 dn scoNnt|al g2 sqdl yay atjonmm.g 9. o5
[Opes1 t|i onq Of |[Cl a3.81 J, Wyer 41 nobhe |[coappsi|i 1 @B 0.809
onge Ny pogasy umeat dns43.20.] TRe3cdnperstilon ocd dl 20.8m3

Q)

=]

O Q. <

3, Wherdgin ghe jconmpesijii omo dondasng al4ym numoesd ons 0184
gn amourft rangijngi1f.eom 31ppmit 03000 |ppas.3based.on |t hes22
viei ghd df the pol yester po8yner 3.9081.] Thes5cgnpasd tijon0.834
df alhai rh 105 wHer @.en tlhe @ondos#iB6on 6&Nt i ND.6 0.835
Lum num i _apal Ag from5 ppm
Lo 60 ppm based t e F of the polye<ter
i New
o | ERD A8 SR gl e, gy [T
O O DR L 7 A - D A S O A R I 79.9
0 I A R S i KD N AT Dl Y N X
O DA IO A AT S O N N il oW
IR LA Sl R < P ;:"t-‘s. L ;‘;1.6‘" < 79.1
v |54 %4 LI AAY I v THh IASTU T II 1 _ L
6%%%3‘{ ot 1“?_ yHret Tg%ﬂd—g%'@ 1ot %gvglca i U_SSO i tz'?ai ' a*m;g;
|clﬂi5 aton W:\g’lm i :86@ i ”—2‘:’8 T cllgtg:5 77:6
118 9.6 12 38.7 85.4 -2.8 8.7 77.3
113 9.5 11.5 41.6 88.0 -3.0 94 79.3
ICP Al ICP L ICPP Chip L* | Pressed
Sample (ppm) ppm {ppm) ChipL* | Chipa* | Chipb* Adj Chip RH!
111 22.2 5.8 2.9 86.2 -2.9 11.8 75.7 0.990
116 26.5 6.3 447 86.6 -2.0 8.7 78.8 0.987
119 23.8 5.7 43.7 86.4 -1.9 8.3 78.9 0.996
112 16 13.7 37.3 86.7 -3.4 13.8 74.3 0.976
120 17.2 13.9 47 83.7 -3.0 13.7 71.5 1.031
114 17.2 13.6 56.3 84.6 -2.8 12.3 73.6 1.031
115 11.6 11.8 51.5 86.3 -2.6 11.2 76.4 0.997
118 9.6 12 38.7 86.3 -2.6 10.9 76.5 0.988
113 9.5 11.5 416 86.8 -2.6 10.7 77.2 0.991
CM-01 85.1 -0.5 2.3 83.1 0.981
CB-12
CM-O1 85.4 -0.6 1.8 83.7 1.011
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of 0.1 to 75. 13. The conposition of claim 3, wherein

the conposition conprises alum num atons and al kal
woredoalosrsons conprising lithium atons, sodi unPEI/ORBN6/034616

or potassium atons, and the anmount of alum numis

within a range of 5 ppmto 60 ppm based on the wei ght

of the polyester polyner, and the nolar ratio of said

al kal i met al atons 1.0 a_l_u_m_': t one-—-S—\W {_hJ'_p a range
dsi oﬁAgﬁéinigﬁf%herein
dl unw%? a g 3l Kal i
ml /a¥as ol pprg) : ') tU ns
¢ e |arhlihe 4 °hsl
n e—of o 40T m i ght
e Het atteh 1V‘.e at sai d
. t Lnjvi-?’j- 3 ..m1,< a s anage
o T t u;lugat—u e A OB —=Sv gy al g
of 5t oa; +5- reeogposhttefiof —chamit7gherei n
AT ot Fretlal 2R ortpr £ Sgs-(sod ym -2 Fhe—rs
cod §s++i et el hF mitd= wherergy st kat—eda
oo Laolac iR 3 HETETRY | 12 . - A L] 1 4
COHPITSES gt I %—%S LUII%. =t UTB&’]. . Ilcggllr I,
’v‘d”hj& A—tHe—p |L'yco?c1 potryners havie am t} V.—of fat
I i, T 76—dtHgobtarmed T theg gett RHgSE
P T zattonprocess. I8 —{The—ctonposTtiofr of claim

7 —wherernmthepo Sster— potymers nave an tt. V. of
at least 0.80 dL/g obtained in the nelt phase

pol ymeri zati on process. 19. The conposition of claim
18, wherein the polyester polyners have an |t.V. of
at least 0.84 dL/g obtained in the nelt phase

pol ymeri zati on process. 141 WD 2007/ 035256

PCT/ US2006/ 034616 20. The conposition of claiml1,
wherein the conposition has an acetal dehyde
generation rate of 18 ppmor |ess.
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21. The conposition of claim1, wherein the

conmposi tion has an acetal dehyde generation rate of 13
W@pwross2kess. 22. The conposition of claiml, PEEDEIN6/034616

the conposition has an acetal dehyde generation rate

of 10 ppmor less. 23. The conposition of claim1,

wherein the conposition has an acetal dehyde

ORihe wyd ifflse of 8 ppmor less. 24. The conposition
of cl ai%gﬁlhﬁherei n the alum num atons are derived

from al um num conpounds havi ng at | east one organic

f claiml1
The.al um nuth - conpe SRR e aRbagtish ShiingEi pelester
Sﬂﬂjﬁﬂetwmmpamegrrepe@lﬁ@ﬂélﬁ eh¥ drilate uﬁ’ig@nﬁ alumlnum atoms in

A%@@Hbg% %\5[901 ‘%\P&m b@ﬁﬁﬁ}\é}? ’S{aﬁs \Iyglggi Qﬂthe ladylmegrsalqb polymer

f{ a
520 O 2 BB A PR e o
ipplyipedzaiione enﬂl’aapamcleZ@&dUlabaCétamwiyﬂe%\/éﬁof q bfﬁﬁi“h 8Pless
wherein the, al umg,num co oun? conpri ses carboxyli

acid salts %f al PRMPOSIeR of elgirad! . ayhereiruaid polymer has
epeatiglanits 8bmBHaNGSthABROGHbBRn:fic SbHTIRARALES or

|nvvh|chtea group o uninu alc
itdmstieng t%ieléhth@iﬁiel y subst | tuted by a chel ating

t he
Zlgﬁﬂfﬁum”colgﬁun%ﬁh%# 8L PRI rese B GaH RowEmer has
eséating umitsoiethglehexglephasalge. al um num al koxi des

or a conbi natl on_thereo 28. The conposition of claim
25, wher ei # a+bHdEcqmBpesitien of elging 3, MEI”MDSZ@:DG’(N@EEQEGn

eI /A s%%"ﬁﬁglmezgartﬁr ﬂ%tglgeﬂ&g%' ! 'eﬁl@ Eﬁ.h%lﬁh%%r alkali

wherei n the al um num conpoun
canmpoxpdaesisiyebasi ¢ al um num car boxyl ates or

5. The composition of claim 4, wherein said composition
further comprises phosphorus atoms.

6. The composition of claim 5, wherein said composition
further comprises phosphorus atoms added at the end of polycondensation in
the melt phase. |

7. The composition of claim 5, wherein the composition
contains lithium atoms.

8. The composition of claim 5, wherein the composition
contains sodium atoms.

9. The composition of claim 5, wherein the composition
contains potassium atoms.

10.  The composition of claim 3, wherein the composition
contains aluminum atoms in an amount ranging from 3 ppm to 100 ppm
based on the weight of the polyester polymer.

11. The composition of claim 10, wherein the composition
contains aluminum atoms present in an amount ranging from 5 ppm to 60
ppm based on the weight of the polyester polymer.
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al um num al koxi des , or a combination thereof. 30. The

conposi tion of claim1, wherein the al um num atons
wae@7ob2a6 ned from al um num conpounds di sper seRCTDS2006/034616

dissolved in a diluent or a carrier reactive with one

or nore polyester formng ingredients or are

contained within a pol yester polyner concentrate 31.

The conposi{pon Phe %bﬁig@sf}ﬂo&\fcffrdaﬂﬁ\r 3 W\A}ﬁ’fp%g%orpﬂ%smon

al kaline earth netal nmetal s
n@_;prapr@%ﬁ algminumtaiomisiand affetiahetal atons tomplisimgigium atoms,

f cl 31,
o im Soths. of BatRSpiuf ptares. 414 e Ao Nkl & Within
J:@mgaaaf 3T;i5]§m<1© MO Ased oﬁ'tﬁé méghtvmﬁsga )IeEFer Jolymer, and

pol yest er olynmer is made w thout™ the ad
gumela Eatichel Saud elkgliagetapatoresto alummmmeatamusu& adthirm & range

ol yester polymer. 34. The conposition of
q???ﬁltq vaherel n the conposition contain less than 5

ppm cat al yt{3al I 'Theacdinpesitibh aif iclifnas, Q\Vfﬁerer%ﬁhe-@b‘?nposmon
n of claim1l1, wherein the conpositi

c%s’”ﬁ&?%'?ts:%g@f@q{a@t@%mﬂcatkanwetabauomsa@qmpesmgmanumtoms
Acitin afims [ OoGATRAM Aok, Shaih@eoynt & SRl gyithin a

pol yester polyners
dapge obb pn dmBAmpnt based pndi wesight,of ties @@éﬁwﬁ'ﬁéﬂ)mé‘r and

ch are effective to cataly
g?%@% Fa?nﬁeqfosaﬁal\&ghmgg glomsstol gluminurp gleras ds wﬂhlm@ range
EFioR5 & 10. 2 to 0.4 dL/g by 0.1 dL/g or nore after 1
hour at 280C and 0.8 mm Hg. 37. The conposition of
claimil, widrei héh@,orpm&‘&@m of clapnlﬁ}ynmerela thedemposition

t tal at ot her
Sobibidos il bl Bha Aef it RamScacone Sing pwematoms,
rsodRINs atomesorgiotasdiam atemseand Whé‘”@hﬁ‘iun@b?ﬁ@lnﬂﬁum E@vdhm a

net al F[éorrs to a melt hase process f

P98t e PPPbIG AR PEM b@edrwé theoweight of tre pcblye$tar poBer, and
ftve bi¥ar r%‘ﬂfmff f%@f”@kél?ﬁ'\etélea%%%eca alu | %ucrr‘;ﬂa onXs Is within a range

deactivato
of 0.5to 5.

15. The composition of claim 11, wherein the alkali metal
comprises sodium.

16.  The composition of claim 11, wherein the alkali metal
comprises lithium.

17.  The composition of claim 1, wherein the polyester
polymers have an It.V. of at least 0.76 dL/g obtained in the melt phase
polymerization process.

18.  The composition of claim 17, wherein the polyester
polymers have an It.V. of at least 0.80 dL/g obtained in the melt phase

polymerization process.

19.  The composition of claim 18, wherein the polyester
polymers have an It.V. of at least 0.84 dL/g obtained in the melt phase
polymerization process.
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WD 2007/ 035256 PCT/ US2006/ 034616 39. The conposition

of claim1, further conprising the phosphorus atomns.
wao07/0kes€onposi tion of claim 39, wherein sai dPCT/US2006/034616

phosphorus atons are obtained from phosphorus

compound catal yst deactivators. 41. The conposition of

claim 39, wherein said phosphorus atons are obt ai ned

from phosphggi c fgé T
aci d, ppﬁ gp%%sphgfl gorggﬁ ﬁlBEg g;o%xnﬁﬁosp on| C%gég;ﬁﬁ@é’& ion has

PP 3pHE @ydelgﬁnaﬂ@tmmmtemé%p@meatdssof their salfts

and esters d rivative 4 The, c osition o

clai m 41, ei h%ﬁ?ﬁ'pﬁﬁ@'gﬁﬁ’gr‘:@m %M%eﬁk@emmf@pn has
f airo acetapiers b dner@firtr £ BP9 pbh?Br Rsst hei r ester

deri vatal vesg % 'rl'he cl;)n'posu ti }))n 01c Fal m 42, wherein

sai d phosphé#i ¢ The rampesitiosiof claimchmhersiasth®s%mposition has

ositio of cl aim 31,
furtgﬁé}rgrdggwg g%neééloﬂh%g%ﬁgmgpmg SSwher.ei n the
ratio of nmi&s oThebompbsitios oPctahnthQVhé?ém%h@tdoYﬁpos sifion has
of alum num al kaline earth netal

ATkaP313RIe e SenafRiled PIOH 6 PBM of 5545, The

£ anges
??gfnog i t5' 32241 5q@%%'ﬁﬁ88'ﬁ§ﬁ '?atl o wé}e'\r%lln%ﬁqaium atoms
vitte derrived itain abrmpiogit ccornpbmds havingae a2t one organic

qw f'i\]ll nity of at |east 30% an AA generation rate
% kn | ess, an L* of at |east 60, and an It.V.

of at |eaSt2ED 76I'If€—é(9m99§|ﬁbﬁ‘%?jcl'aﬂnal gﬁetr?mﬁn@%@ummum

pol yneri zation. 47. The conposition
meﬂréwﬁl@dlay'rtgaﬁbl@gswmmorgm substitugreraze adpresentidedpihe
¥orhpg? or less,. 48. The conposition of claiml,
\Mgwerel h said conpositi on has a degree of _
crystallinity of at |east 40% and an AA generation
rate of 10 ppm or less, . 49. The conposition of

claim 1, wherein t heAHOIRIORIIOR T[R4

wherein R, R', R" are independently an alkyl group, aryl group, acyl group or
hydrogen, R™ is an anionic group, and a, b, ¢, d are independently 0 or
positive integers, and a+b+c+d is no greater than 3.

26.  The composition of claim 25, wherein the aluminum
compound comprises carboxylic acid salts of aluminum, substituted aluminum
hydroxides, aluminum alcoholates, or aluminum chelates in which the alkoxy
group of an aluminum alcoholate is partially or wholly substituted by a
chelating agents.

27.  The composition of claim 25, wherein the aluminum
compounds comprise aluminum carboxylates, basic aluminum carboxylates or
aluminum alkoxides , or a combination thereof.

28.  The composition of claim 25, wherein a+b+c+d is equal
to 3.
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pol ymer conprises: (a) a carboxylic acid conponent
conprising at |east 90 nole% of the residues of

wao eqoeps2b@l i ¢ aci d, derivatives of terephthal i BCHUBIN6/034616
144 WO 2007/ 035256 PCT/US2006/ 034616 _
napht hal ene- 2, 6- di carboxylic acid, derivatives of
napht hal ene- 2, 6-di carboxylic acid, or m xtures

f, b : IS at
| east 90, oy <% o R beEon S ERARL, WARIBE B0 ufinym
1CoRpRsiseamplise slusdumrcarboxytates, bazic?gjommm? garboxylates or
' ' t residues _an no
SR ot OB AR e bucs i n the
pol yest er [B0.yneThe éd¥pokifien deldith @fwl?éééfgn‘r;cﬂ#h@é&rﬁinum atoms

within a range of 3 ppmto 100 ppm base N The _
V@pgmtalagd @ pbiInYieyMegomppOymis dispaistdanrdiesiltédim a diluent or

DL S ' t t d phosphor us
CHFATRE r RN S5l Biore B Shar Rk oksC i o arc
adombainednwithina tpolyesterrgngaeptofbehtiage 10, and the nol ar
rati o of phosphqrus to the cumul ative nol es of

al uni num atoms are HREPsitian @frﬁ'a_(fp:1l\/p‘urﬂah“gl§)$nmish}r]g alkaline
tcrth Bl of Bk PR, Wikt in6 RbIEH Fihio A15E BB AEtal atoms

pol yester pol ymer conpri ses
do ieum aioms isN.hdo 6. | east 95 nol e% of the

resi dues of, terephthalic acid_and derivates of o
terepht hal i°¢" adi ’C%@os(lﬁgn Qfaﬁwg’ﬂywh@&iﬁélﬁ%mmar ratio is

ot BShnge af 0132@s{0 95 nol e% of the residues of
et hyl ene %Ieycol, based on 100 nol e percent of

carboxyl i c 38¢i d Terrpompositicasifaiaim hrwhareh thegdayester

. . T th
S0 ol GBI ok R i it g or
iz i e wei ght of the

1|ct)hc')ele)Sleaz)tuer @%ﬁbp?gﬁ@ﬁ?%%ﬂ: ratio of alkali netal

to al uni nuiftat orf§'€ic®MpRsitipmotclaiandewberdn the oorﬁlpoa'ntidn
AR MeFERS 5 B R AP B o

35.  The composition of claim 1, wherein the composition
contain less than 3 ppm catalytically active titanium atoms.

36.  The composition of claim 1, wherein the polyester
polymers are made without the addition of atoms of titanium, cobalt, antimony,
or germanium in amounts and forms which are effective to catalyze a
polyester melt and increase its It.V. from a starting point of 0.2 to 0.4 dlL/g by
0.1 dL/g or more after 1 hour at 280°C and 0.8 mm Hag.

37.  The composition of claim 1, wherein the polyester
polymer is made without the addition of any catalyst metal atoms other than
one or more sources of aluminum atoms and one or more sources of alkaline
earth metal atoms or alkali metal atoms to a melt phase process for making
the polyester polymers.

38.  The composition of claim 37, further comprising the
residues of a catalyst deactivator.
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al um num ranges from 10 ppmto 40 ppm based on the

wei ght of the polyester polymer, and the nmolar ratio
wo@Rooalkaké netal to alum numatons is W thin BCT/HSIPE6/034616

of 0.5to 5 and the P-Mnolar ratio ranges fromO0.5

to 1.5. 52. A bottle preformobtained fromthe

conposition of any one of clains 1-51. 53. A

) . 2ok v or
Bnd 145 w0 2007) Do SIEERRRN R, LAFELEF oifbHERG e
anﬂf?ﬁn’ﬁ\ShW%\ﬁmS-(i i) alkaline earth mgt al at grrgsorand
[ | kal i ou resi dues,
Gi1) acatdyst Heserpeafion &%ﬁmﬁwmm sadspoaptons
| s : _ .
oot S g PR
al kal i ne eatt-h nerompesitioprof glaiml 39, wherbinadaitiphesphorus

' ' .54.. The conpositign of )
O ars IR I BhEEERarCacid, PRosRaRs bbfinprivalosphoric
ragict gnyiroghesphosicalcid; tdayh&yphbepREME kil ?hoé?non-f@ Gcid
C osition of claimb54, wherein said catal yst
a‘g%@ﬁﬁ\’/%ﬁvcﬂf eashsfitais spiand estess @ﬂdldel.ril\(/a’lﬁ\_/esThe .

it ' / PJL aline.ea
oo or oYL L B s RGBT A oo

ratemg are abtaiped front atrhiosphort aokl. cdiposiish 6PHRASEiEON
cg e/ ﬁ\llén 55, wherein the anount of al um numis w t hin
aer”a%ge Bf 5 ppmto 100 ppm based on the wei ght of the

ey o ISP EASUSRED R Lo e Bl
|8@5§90r@p¢§itign_/cgrrm§ts§isr9é%pggsptﬁ]rietedad:idpgaisfi on of claim
gg' y&gg?g?fﬁ. kg%&r%}jﬁﬁﬁiﬁon of claim 37 Ritther comprising
phosphorus atoms, wherein the ratio of moles of phosphorus P to the
cumulative total moles M of aluminum, alkaline earth metals and alkali metals

ranges from 0.1 to 3.

45.  The composition of claim 44, wherein the P:M ratio
ranges from 0.5 to 1.5.

46.  The composition of claim 1, wherein said composition has
a degree of crystallinity of at least 30%, an AA generation rate of 20 ppm or
less, an L* of at least 60, and an It.V. of at least 0.76 dL/g obtained in a melt
phase polymerization.

47.  The composition of claim 46, wherein said composition
has an AA generation rate of 15 ppm or less,.

48.  The composition of claim 1, wherein said composition has
a degree of crystallinity of at least 40%,and an AA generation rate of 10 ppm

or less, .

49.  The composition of claim 1, wherein the polyester
polymer comprises:
(a) a carboxylic acid component comprising at least 90 mole% of

the residues of terephthalic acid, derivatives of terephthalic acid,
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pol ymer conprises: (a) a carboxylic acid conponent
conprising at |east 80 nole% of the residues of

Wwa ergpb2b@l i ¢ acid or derivatives of terepht hab@TUS2006/034616
acid, and (b) a hydroxyl conponent conprising at | east
80 nol e% of the residues of ethylene glycol, based on
100 nol e percent of carboxylic acid conponent residues

and 100 ”Dh@piﬁﬁélﬁﬁalz Gfdléhégbﬁq}ﬁea 'H%Qf\‘/gﬂ %stéﬁg@fe@?lﬁpe_

in the pol yester polyrer omposi

59, wher ei n26rdcardoydi acid, mrmnpdm)esdhewdkf)samjl 146aV\D
2007/ 035256, PCT/ US2006/ 034616 a carboxylic
conponent c@l)rﬁr éds ?§9fﬂp@§§{‘t§ RSB, afdeast 99 mole% of the

resi dues ofrets@ru@efwww@n@?l;eoﬁ&% éjsrpﬁaﬁé‘&of’f

terephthallc aci d, dr'o onent
| @ ﬂ]@ &hole pgseerd of gathoxylic acnbecompmedwe%:dﬁes and 100

car% Al %@ﬂ) m%ﬁn‘ggﬁ] ogeﬁggqsg‘ﬁléé lg%cen eSIﬁﬂ[plymer and

Hbe @emdurdfof lajunioxit isaetilA BeRIgERTIIANGH th WOE):}%m bgied on the

I 61. The conposition of
frid éﬁﬂ%ﬁ%%%ym%mﬁgpm@smanqeéherr@nmm@sm@mlkah

2 S, n erei.n
?ﬁ‘z@‘g%fdj"i%?g? PhOPTOERIRbE oflt e iR ol S mgtal o
@Elurginstn & wishini arangeedfto. pr;h@se an@ltbéfﬁfdtlé’r?{atl@%f pRdspHdias to

9 an aceta
TRARARR, BoieSof g aloms apd mion atems, (k) ramges from
@meesi tion of claim53, having an acet al dehyde

generation rate of 13 ppmor less. 65. The conposition
of cl ai m 530. havihegcampesiterabtielajd @9, ydeesiathepoiabier

lyWerpcpdﬂwﬁrrlsé £SS.

(a) a carboxylic acid component comprising at least 95 mole% of

the residues of terephthalic acid and derivates of terephthalic

acid, and

(b) a hydroxyl component comprising at least 95 mole% of the

residues of ethylene glycol,
based on 100 mole percent of carboxylic acid component residues and 100
mole percent of hydroxyl component residues in the polyester polymer, and
the amount of aluminum ranges from 7 ppm to 60 ppm based on the weight of
the polyester polymer, and the molar ratio of alkali metal to aluminum atoms is
within a range of 0.5 to 5, and the P:M molar ratio ranges from 0.3 to 2.

51.  The composition of claim 50, wherein the amount of
aluminum ranges from 10 ppm to 40 ppm based on the weight of the
polyester polymer, and the molar ratio of alkali metal to aluminum atoms is
within a range of 0.5 to 5, and the P:M molar ratio ranges from 0.5 to 1.5.

52. A bottle preform obtained from the composition of any
one of claims 1-51.

53. A polyester composition comprising polyester polymers
and:
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66. The conposition of claim53, wherein the al um num

atons are derived from al um num conpounds represented
whgoovhss2formul a: AI[OR|a[OR | b[OR' ] c[R'] d wheCEUS208%/034616

R, R' are independently an al kyl group, aryl group,

acyl group or hydrogen, R'' is an anionic group, and

a, b, c, d are independently O or positive integers,

and a+frafningingtopieat er than 3. 67. The conposition
of clalm®66, wherein the alum num organic conmpound

conpr i @é@lk@ﬂnﬁ@ﬂﬁhlmefabatﬂ)mbt alkafi nedtalatoms or alkali compound

substi m num hydr oxi des, al um num
al coho'{e t@% %Palal um num chel ates in which the al koxy

(0] tal [
Subst i (t i yz:‘é\@%““evgg‘? ooe SRl e s

PCT/ USieaséivates CafeB/flCvamgabtb@l ¢anobinafiors basaiUG(@ aluminum
wh
car boy P e eIk RARBIAGRL AR of S1Gl met! Sloms or alkal

al um mmnﬂ)mmcbpesmsor a conbination thereof. 69. The
conposition of claimb53, wherein the alum num atons
are obt ai nedff r otHeapOraPoSiian of eleim didh whdirsinalaie golyester

or rrier

T CBobrin RAREHAC s DS FUMIER: FEpfinaBre.
i ngr edi ent S5r  dfte umnpamﬁ@niof olaim 5, wthepsihyssd BAtalys

¢ concent r at 70. The conposi tion of claim Q’
%@&gﬁ Of ARMRHFS? pEQ?F?'B)rH? a1qMg- al kal i ne earth netal
or alkali rmg al iy
71. The conposi tfr%n&io@%flg&mbgglgﬁﬁ 55r‘ gmﬁp? E{ t&%ﬁ(@iﬁe earth
m@tab%alkamﬁ Bletal| dtemsauralkalneirapownd mididids dffﬁﬁphsé Bhium

numis within a range of 1:1 to 5:1. 72. The
conposi tion of claim53, wherein the pol yester

pol ymer i s 5rade TwWetdhibodifish 8felhinh 88 %eFéfm?ljmé an%uWPSf

| t hase process for the manufacture
%ﬁr fTHS WiEhiy feiange »f Smem detPOsinm based ool the waght of the

WoR/eRtdr r}d“s?.ng,on'posml on contain less than 5 ppm

catalytic tani um at ons.
The composition of claim 57, wherein the It.V. of the

polyester composition is at least 0.76 dL/g obtained from a melt phase
polycondensation process.

59.  The composition of claim 58, wherein the polyester
polymer comprises:
(a) a carboxylic acid component comprising at least 80 mole% of
the residues of terephthalic acid or derivatives of terephthalic
acid, and
(b) a hydroxyl component comprising at least 80 mole% of the
residues of ethylene glycol,
based on 100 mole percent of carboxylic acid component residues and 100
mole percent of hydroxyl component residues in the polyester polymer.

60.  The composition of claim 59, wherein the polyester
polymer comprises
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74. The conposition of claim53, wherein the pol yester

pol yners are nmade wi thout the addition after
w@giegsf2scat i on of atons of titanium cobalt,PCT/US2006/034616

antinony, or germaniumeffective to catalyze a

pol yester nmelt and increase its It.V. by 0.1 dL/g or

nore as nmeasured starting with a polyester pol yner

o0 SHRAE i ool A o et o
wher ei n t hehpabsidueeof tareplytinalic Bsidrartdefiviesibf tdtephthalic

addi tion ofa any catal yst netal conpound other than
one or nore quﬁﬂ um conpounds and one or nore of

al kal i ne egpyh hﬂﬁ@écé@@%ﬂ@ﬁﬁ&rﬁbriﬁhé@t ilef(ég?gﬁltrngle% of the

conpounds to a ne ha process for- nmakin
pol yest er [J6Biies of efte/lerhglycolnposi ti on of clai m 53

HRRERTL P8 e AR B baniobll AR RS fosiies and 100

gnolerpereentvaftHydesxyd Eomipshehesid s8R fth 6%{)
P00/ 0326, Pam e eIl Theeéo eggrﬁog’rﬁn%rf

claim 76, Her eilhesgararesition of plains SHomhereiotbe antnt of
h ' i sphoric acid,

e g ot 10 Ph TP BRRE

car box¥ph?ﬁﬂﬁoniTmeacfbrdpositimcS@lbﬁﬁ i%aaﬁ\ieﬁeiﬁﬁtl?é YohesRs:

r.each of thejr, s and esters and derivatives or

e YA O?z?tt Fe%égg&%giqm@ﬁedﬂn alraelphase

wohreemzdtide, mol ar ratio of phosphorus to the

cunmul ative total of alum num alkaline earth netals

and al kal i63pet dihe eanpesitidn ofitl@ind 531 hawing od: dcetdl8ehyde
P11 cl ai,m 78, erein the nolar ratio
§%ﬁe£@§ég%géré@g§giqq{éa@mgi‘?ﬁé;_'tot al of al uni num
al kal ine egdt h maealompditiorPbKahim ,tﬁ%l\ﬁn%%@%ﬁeﬁélfj@ﬁ‘de
cl al . havi nﬁ

0.5:1 to 2;1. 80. The conposition o
SRNaRtgBaINet bhppieerdess. 15 or |ess, and L* of at

| east 60, d hayi Lt . V..qf. at .l east 0.76 /
obt ai ned. | gga ng}‘uka%%hngﬂ;besnéo& S)/fn@?'i"}§i3i hiaving an aceta%ef?yde
generation rate of 10 ppm or less.

66.  The composition of claim 53, wherein the aluminum

atoms are derived from aluminum compounds represented by the formula:
AI[OR][OR",[OR"IR™]4

wherein R, R', R" are independently an alkyl group, aryl group, acyl group or
hydrogen, R™ is an anionic group, and a, b, ¢, d are independently 0 or
positive integers, and a+b+c+d is no greater than 3.

67.  The composition of claim 66, wherein the aluminum
organic compound comprises carboxylic acid salts of aluminum, substituted
aluminum hydroxides, aluminum alcoholates, or aluminum chelates in which

the alkoxy group of an aluminum alcoholate is partially or wholly substituted
by a chelating agents.
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81. A bottle preformobtained fromthe conposition of

any one of clains 53 through 80. 82. The bottle
w@e@fosizsof claim8l, wherein the bottle prefora@r/ubmge/es4616

resi dual acetal dehyde content of 8 ppmor |ess. 83.

The bottle preformof claim82, wherein the bottle

preform has a residual acetal dehyde content of 6 ppm

or less. 84ggA cnﬁewms%meh%ﬁaﬁmféﬁ gs?ff%regﬁtg @g@wwe

of polyester polyners, conprising ad
a‘i%ﬂ@owfbﬂsacmﬁpve%a@mlnum Garbaxylategpblyesinem aﬂed)holate or

sl 8 g Bt fydRe Rl Eranhisen Biscaet 52&;2%(1
resi dues, VB@Er eiThe abpoBifies IR 5, Rréihng %cm
tc%ﬁmpol yester nmelt when one or nore of oW ng

qrepbtaiped dram aniakeminum hem@aﬂnd rd!&ﬁmdi/dmiefshrraed or

Zcﬁé%/«%g%éé r?r‘?é'qﬁ[]eﬁtg %lf: % Earr%ﬁ r¥$&{y%rv&|ﬂ$ qpé pg red)ojxeeger/ fgrming
dngredjenisonare eprtbired iha §dlkl Rt ﬁélyﬁ@rtconbenﬁ"é%

[ 1 rel eased, or
bol vest o AL ﬁeSc.s@%ewtwoacmﬁapmm the molar ratio of

i hor
ﬂﬁ%ﬁgéﬁpﬁpﬂegﬂﬂ ?I na reac fbgalh%i@_ﬂﬂ%gg #85“59@61 to 10:1.
PCT/ U52006/703461r61e ¢mnpmat{onngf tlaim 70l weetsin tﬁcf@'rr)’dTEr‘ ra¥b of

act before a cutter
‘%? kﬁd“% B PEP C{a o Jymynura e wibin e sanrge of 1:1 to
n'7e1t IS present in a mel t phase pol ynmeri zati on
process, foll ow ng at least 85%of the tine for
poI ycondengizng Theecqropgsitiereof dain 53pwhejeit tise pbly¥stepf

dl / f th
PRSORE EEAR WG e Aot el Tas it dose procses for
\’thle mamulirtorenoftszid polyeetst polyrs@l, i di fyi ng the pol yester

he process of claim84, wherein the
gﬁ: ;esfgr 8t yﬁg,he composition of claim 53, wherein the composition

contain less than 5 ppm catalytic titanium atoms.

74.  The composition of claim 53, wherein the polyester
polymers are made without the addition after esterification of atoms of
titanium, cobalt, antimony, or germanium effective to catalyze a polyester melt
and increase its It.V. by 0.1 dL/g or more as measured starting with a
polyester polymer It.V. ranging from 0.2 dl/g to 0.4 dL/g, at 1 hour at 280°C
and 0.8 mmHg..

75.  The composition of claim 53, wherein the polyester
polymer is made without the addition of any catalyst metal compound other
than one or more aluminum compounds and one or more of alkaline earth
metal compounds or alkali metal compounds to a melt phase process for
making the polyester polymers.

76.  The composition of claim 53 wherein said deactivator
residues comprises the residues of acidic phosphorus compounds or their
ester derivatives or mixtures thereof.
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nmelt is present in a nelt phase process for the

manuf acture of said polyester polyner. 86. The
w@eocesrsof claim 84, wherein the pol yester nmePCT/US2006/034616

present in a nelt processing zone for the nanufacture

of an article. 87. The process of claim86, wherein

said nelt processing zone conprises an extruder

barrel . 88.77he PROEBADORNioR GF RifT76 WSS BIs S8 difiE! t
arrel df an |n? 9

rocessing zone conprises a : _
p Nngéthﬁnp)@una@ cofMipeise pbospkorid acitapyrophospheicadld,

FHY
" added he pol yester melt
PRl AR 51D B0 PReslioTistck s Bomiphobphhicoids, sast
Ophidsphiohit aQ@ defibatieis) @ggécﬁ%f e @%ﬁ an%‘%{&b%n:dhoeerivatives

phosphorus atoms are added to the polyester ne
a9t Bptyesilere®it he pressure in a final reactor to a

t d or,e the pol yester
mol s sol (o 11 Lop SaTPOSRER or dhber MiarsininBandiar rato of

wptersgihorudhio theaspidstive BRAIMGT al@hmudt dakhiMe @a&@ﬁ%&éle%nd
nqﬁé.ore@t the end of a final reactor or after the
FRR M

s fergesiiemdePartdo3.8utt er for cg;t i ;1_% t he
P ovess of "ol at o pbRBn of ey SinsEin e Sngler atio of
ahesghotustof tha aiurmeativeoiotd] @f apohiwaat) dtedine®driemetals and

[ inlet, i d phosphorus

AR ERs Bndes BomtT R BogBf T on of & he- pol yest e

ar! I a-p O _
ok To the T nal teompasiibf 88 beim 3RO nRERE LA fEheration
paty ofsboosless4and L ofat ehst @ﬂ,ms%\gm% a:]at.\tmhgﬂat least 0.76

LN . . . e (0]

L Bt i R iR G0 et 0506 of “the:
pol ycondenst i o bbitleBpreffm Jhainey ; egh%’goﬁ@'smo%fany

wherei n the phosphorus atons are a _
Mwﬁ%mﬁﬁhrﬁmwhe It.V. of the polyester nelt is

\;Molt :“dln ¢ gégi?bgL/T%eogot{lgﬁr%h%nc}?rcle{irtn'i% , wH&rgin the bottle preform

has a residual acetaldehyde content of 8 ppm or less.

83.  The bottle preform of claim 82, wherein the bottle preform
has a residual acetaldehyde content of 6 ppm or less.

84. A continuous process for the manufacture of polyester
polymers, comprising adding phosphorus atoms to a polyester melt, said
polyester melt containing a) aluminum atoms and b) alkaline earth metal
atoms or alkali metal atoms or alkali compound residues, wherein said
phosphorus atoms are added to the polyester melt when one or more of the
following conditions are satisfied or thereafter and before solidification of the
polyester melt:

a) the polyester melt reaches an It.V. of at least 0.50 dL/g or

b) vacuum applied to the polyester melt, if any, is at least

partially released, or

c) if the polyester melt is present in a melt phase polymerization

process, adding the phosphorus compound within a final reactor
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95. The process of claim 84, wherein the phosphorus

atons are added to the polyester nelt within 10
worzwoneRrseor | ess of solidifying the polyesterPaEUS$2006/034616

96. The process of claim 84, wherein the process

conprises a nelt phase continuous polymerization

process having throughput of at least 1 ton/day in a

steady statgrapgd {rfg‘p?lggsggz?ﬁﬁlgmeﬁ’%‘g%gefghnegti@%yegggf and

wherei n the throughput U " Teast _ _
The pr ocesshefbrecagutte8iar cuttargeihe poesteankitosr ti me of
the pol yescg?ef nelt froma 0.40 dL/g through

V. of h
and up to ap' W.G\POIY%St?ﬁB‘eTtrigﬁ’é%seé\?'rh? melhehage pelymerigation
| s 150 m nuireesd, fbiksiting R 1R 8sH BPERSIE 161 Ailotensing

wherein the reaction ti O mnutes or
The procesgheolyesien dalt; oherein the It.V. of the

er 0 lidification is between 0.82
Qg and 0. 99 b MV BB Rebesi g i fhiBrbs Brgr s of the 1.
atons. 101.obthieefiupepssolidffication;or84, wherein vacuumis
applied in a final polycondensation reactor at a
pressure bdl @kdRomt vthimd0 miputesror lasslobsolidifying the polyester
t enper at ur g, bet ween 270C to 285C. 102. The process of
cl ai m 84, \(mer'ei n the polyester polyner conprises:

(a) a carb®@byl i ercpmceefpﬁmerm r??ﬁtiﬂlhb'réih'ﬂlg% @blrybgfé?tpo%er
9 t h i dyes of tere alic acid o .
g@%’ﬁ?a&fﬁggt 'Efar l[?l%:l’té)g]%sﬁé}rpgessafgr the msaufasture ofyahidrglyester
ent conprising at | east 80 nol e% of the

resi dues of ethylene glycol, 151 WO 2007/ 035256
PCT/ US2006/86346 Tthe rasess ofhiclabo Sdpwhepsn tiesn bolgbster melt is

SHELRI LB PR o B Sy .
pol yest er @l ymathe process of claim 86, wherein said melt processing
zone comprises an extruder barrel.

88.  The process of claim 87, wherein said melt processing
zone comprises a barrel of an injection molding machine.

89.  The process of claim 84, wherein the phosphorus atoms
are added to the polyester melt after the polyester melt obtains an It.V. of at
least 0.74 dL/g.

90. The process of claim 84, wherein the phosphorus atoms
are added to the polyester melt after bringing the pressure in a final reactor to
a level of 600 mm Hg or greater and before the polyester melt is solidified.

91.  The process of claim 84, wherein the phosphorus atoms
are added at a location near or at the end of a final reactor or after the final

reactor and before a cutter for cutting the polyester polymer melt into
particles.

92.  The process of claim 84, wherein the phosphorus atoms
are added to a final reactor for polycondensing the polyester melt through a
pipe inlet, said phosphorus atoms contained within a portion of the polyester

polymer exiting the final reactor and recirculated back to the final reactor.
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103. Finished pol yester polynmer particles having an

average |t.V. of at least 0.74 dL/g obtained in a
woredor/opizace pol ynerization and a residual acepel/tusivyelesd616

| evel of 5 ppmor less, wherein said particles have a

degree of crystallinity of at |east 30% and contain

al um num atons in an anount of at | east 10 ppm based

on the wei ghs, OfTﬁé‘?rMs\é%?tcﬁinm Xﬁf?éra thU%Bhorus atoms

particles of claim Contai ned'in A Sh

calie: addest to tmewolyaséerpmett ifallovéng bt east ﬁﬁ%ﬂ@f thellyalondegisation
8nzero anount of alkaline earth netal atons or
a‘ﬁrﬁall metal atons, and a nonzero anpunt of

phosphorus @4, Omhéﬁﬁace&%f%@’ﬁw'éﬁ GhebinGha

fdﬂo%ﬁﬁorus atoms
wherein the acetal dehyde generation rate o
palier addesto;the pelyesteranelt ﬁlhﬂﬁlrthe 10V. ofthe podydsiter raslt ¢ within

rt ave an acet al dehyde
o5 L B R b AR RalR 105, The
part| cles dd5.cl aThm pfizeswiof CRiiM Mwméh'tﬁé%ogél‘{&ygrétoms
L* tn% | east 60. 109. The particles
cﬁ"&. C%dsto ﬁ%\PP &S’éﬁf et yiithignt G exiautes aadess efamtidifing the
Hdlyestbempfrticles of claim103, wherein the particles
K organi ¢ acet al dehyde scavengers. 111. The

part icl es d6.cl aihe nﬂ)&ewﬁmécl%ﬂmh&élhwr@?ém:tﬁé %‘ﬁ?@si% d¥Phprises
at e 11 The particles of claim
ngé" ihﬁﬁ@& Cr‘i’pn?ﬂéglgébtzjﬁ@%?aﬁ% pf%*‘cPSStf@Va}g thipeghnuiof at least
f ng the particles into
gﬂ@é@slm?ﬂ%gy Sﬁéete?gﬁ{?ﬂglmes of claim 112, wherein

the particl¥%s dhe privicaessl of akaon 96t Wheraxnelh@thralugﬂﬂdt is at
t' of claim 113, wherein the particles are
Tg%é}%gfo'tﬁ Yeforms at a tenperature in a range of

280(: to 29@@ Wi tTthe 1grodBb$ of @@frﬁgacmrém tlﬁ’% cgbﬂ%ﬁéofthe
erein the preforns have an right
%erm\é\@,fr@m an It.V. ofO 40 dL/g through and up to an It.V. in the

range of at least 0.68 dL/g is 150 minutes or less.
99. The process of claim 98, wherein the reaction time is 90

minutes or less.

100. The process of claim 84, wherein the It.V. of the polyester
melt upon solidification is between 0.82 dL/g and 0.92 dL/g prior to adding the
phosphorus atoms.

101. The process of claim 84, wherein vacuum is applied in a
final polycondensation reactor at a pressure between 0. 5 and 1.0 torr and at
a temperature between 270°C to 285°C.

102. The process of claim 84, wherein the polyester polymer
comprises:

(a) a carboxylic acid component comprising at least 80 mole% of

the residues of terephthalic acid or derivatives of terephthalic

acid, and

(b) a hydroxyl component comprising at least 80 mole% of the

residues of ethylene glycol,
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formng an article from the polyester nelt, wherein

said pellets having an It.V. of at least 0.72 dL/g
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107.  The particles of claim 106, wherein the particles have an

acetaldehyde generation rate of less than 10 ppm.

108. The particles of claim 105, wherein the particles have an
L* brightness of at least 60.

109.  The particles of claim 108, having an L* brightness of at
least 73.

110. The particles of claim 103, wherein the particles lack
organic acetaldehyde scavengers.

111.  The particles of claim 103, wherein the particles are not
solid state polymerized.

112.  The particles of claim 103, wherein the particles are fed
to an injection molding machine for converting the particles into articles.

113. The particles of claim 112, wherein the particles
are molded into bottle preforms.

114. The particles of claim 113, wherein the particles
are molded into preforms at a temperature in a range of 280°C to 290°C with
a melt residence time of 2 minutes or less, wherein the preforms have an L*
brightness of 65 or more.
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phosphorus atoms are added to a final polycondensation

reactor, wherein the nelt exits said final .
weoliyosnsensat i on reactor through a conduit, aPEDU$10061034616

of the nelt is taken fromthe conduit as a

slipstream the phosphorus atoms are 153 WO

2007/ 035256 PCT/ US2006/ 034616 added to the slipstream

| _ L | .
{ne” phosphorsg. contan b oA By TeednbBUER  Blelarpoessing
| Fordaneltingithe pelietsrid %mal p_mfyesﬁeemhﬁg,s ar?]cl(;fburrsani@ an article from
iR Rester Eieh, Bl A lels hatiBamafia of ot least 0.7 dLig
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of claim 124, wherein t di stributor plate”
i PPlueryapdcei ve the phosphorus containi ng slipstream
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out | etls) i ntalkblire éartebton®aét dlkali mb%4 atoms or alkali compound
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C) phosphorus atoms

wherein said article has an acetaldehyde level of less than 11 ppm.

116. The article of claim 115, wherein said article is a bottle
preform.

117. The article of claim 116, wherein the bottle preform is
made without the addition of organic acetaldehyde scavengers.

118. The article of claim 116, wherein the It.V. of the pellets is
at least 0.76 dL/g.

119.  The article of claim 115, wherein the acetaldehyde level
is 7 ppm or less.

120. The article of claim 115, wherein the pellets contain
phosphorus atoms in an amount of at least 20 ppm.

121.  The article of claim 115, wherein the article has an L* of
at least 70.

122. The article of claim 115, wherein the acetaldehyde level
is 4 ppm or less.

123. A continuous process for the manufacture of polyester
polymers, comprising adding phosphorus atoms to a polyester melt, said
polyester melt containing a) aluminum atoms and b) alkaline earth metal
atoms or alkali metal atoms or alkali compound residues, wherein said
phosphorus atoms are added to a final polycondensation reactor, wherein the
melt exits said final polycondensation reactor through a conduit, a portion of

the melt is taken from the conduit as a slipstream, the phosphorus atoms are

153



WO 2007/035256 PCT/US2006/034616

added to the slipstream to produce a phosphorus containing slipstream, and
the phosphorus containing slipstream is added to melt in the final
polycondensation reactor.

124. The process of claim 123, wherein the phosphorus
containing slipstream is distributed within the final reactor through a distributor
plate.

125. The process of claim 124, wherein the distributor plate
has te an inlet to receive the phosphorus containing slipstream, said
slipstream flowing through a plurality of channels in the plate and exiting
through the channel outlets into the final reactor..
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