WD 2007/ 035256 PCT/ US2006/ 034616 Al um num Cont ai ni ng Pol yest er

Pol ymers Having Low Acetal dehyde Generation Rates 1. Field of the

I nvention: wWheodmigessi on rel ates to polyester polynmers goAl@bisRs4sis
repeating units of esters formed fromdiols and aryl dicarboxylic
acids, and in particular to polyester polyners containing alum num
atons to which a catal yst deactivator such as a phosphorus conpound
Is added late to provide articles having | ow acetal dehyde | evels. 2.
Background of the Invention There are two types of acetal dehyde (AA)

of concern. The first ARmin@si dea{a.ﬁrngfPage%rmyﬁw@mwng 'i‘_%w
pellets or particles sen 0O preform nolders € Secon y

is preform AA or the AA gener athgetalgebhyde Gonaration Rates; ar e melt
processed to nmake bottle preforns. AA precursors in the pellets can
be converted to AA upon nelting and give unacceptable |evels of AA
in the preforns. Melt processing also forms nore AA precursors,

whi ch can Iiberatﬁ M.Figg%tf@!éjggégte has a noticeable taste'and can
be detected by h w | evel s. Unacceptably high AA
| evel s in pref or nEhaiwehiimseldtbato palyesteiolymeraintaihing re;@éétmgo.fnlﬁsfw
beverage contained.,in the id bottles qr. those that, exceed br

owner s' spemﬂcaﬁtﬁrﬁsftofrg(?&?ﬂ@ @giapa@rﬁﬁmq@%yhgﬁmds%n Iy RALH alarto
tastel ess bever ag;ﬁﬂy@saerpcaﬁnmt@rntmﬁ/gmmhgw &bhig tH@RdH & ehtalyst

i npacted by the strong taste of wat er bottle a pllcatlons

require | ower | eV@Fast¥RtopBYGF%A Rho’ﬁmu%ﬁ‘i"ﬁﬁﬂ%@? aglsled '@PltﬁIPrQW@ED )
bottle applicati %}gclegp@vﬁétk%%mmeh%@[e%lsyest er particles and nake
bottle prefornms would I1ke“to have one resin that could be used to
nmake preforms for both water and CSD applications. This would
simplify the I’T’B.tfl’la| at the converter by allow ng
for one feed silo T—W § 0S2006/ 034616

There are two types of acetaldehyde (AA) of concern. The first is

residual or free AA conhtained in the pellets or particles sent to preform
molders. The second type of AA is preform AA or the AA generated
when the PET pellets are melt processed to make bottle preforms. AA
precursors in the pellets can be converted to AA upon melting and give
unacceptable levels of AA in the preforms. Melt processing also forms
rnore 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 botiles or those that
exceed brand owners' specifications for the desired applicetion.

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
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or one type of feed silo for water and CSD applications, one product
storage area or one type of product storage area for water and CSD
appl i cati ongio #hoessddast resins sold into water bottle mapkEhSohd)issid
lower [It.V. than those resins sold into CSD markets. A dual use
resin would have to a high enough It.V. for CSD applications and a
| ow enough | evel of preform AA for water bottle applications. The

| evel of performAA is inpacted by the AA generation rate of

pol yester particles upon nmelting. |In order to use one resin, sone
converters are adg} ?é%eong%rfé e L | e
perform AA for the wat bott e r&et .er% %Séﬁaégél;&a‘ﬂo% Jﬁc%ehab

signi ficant cost si@rageeareemr@nﬂéypee@fd:)rgdmcéﬁtoreg@areﬂeﬁoywaitemmﬁCBl‘o)e

col or of the cont t.&¥s %ﬁt%( g)lﬂ%t 'résx @g,ﬁmg&r Seryt%thé)ma%etagmggm}a(%rlo@ar

conpared to an an us ¢ cavenger
Certain carriers I‘tM tmmu moawaswmldimﬁo Qﬂtbfmrkata.p@elaahmeeresmould

subsequent |y bott pe nce e or, ck s
relative to an an W?g@t%ﬁ{gﬁ G g[ev 685{58 el ﬁ%tlﬂ E\%ﬁ@‘ﬁfgﬁhlﬁ&el
its carrier addegf préRRIMEAA foramsibr Batié @Eﬁhca@&ﬁ@cﬂ'ﬁﬂ@delvuﬂdérformAAls
manuf act uri ng pol yesters ent| r3ly in the nelt phase. There are al so

subsequent melt pieRasiad r@g@@r&r@t%foqcz!w%rsqﬁwewag@meltmg
pof ycondensati on. | nject | on nolding to make preforms is an exanple
of nmelt processin For instance, solid- stated polyester particles
devel op | arge she[% order ©oise ane rvsmgsgraemngertermr%ﬁdé@guﬂﬁu stavangetsato

It.V. losses duri égg‘i%ls sftd g%@éééeﬁ&%blé Eﬁ@&ﬁ) Mﬁﬂr the%éqepbéﬁlﬁtrﬁ&g(et AA

pol yesters have hi € annea
occurs during sol scdwengensmgid sig‘nlildmat oosido theanchtainkeard Dﬁealnsgammip

qual ity concerns er I n
the nelt phase. 51 Qﬂ?rﬂtth%?&ﬂﬁglggw H&%@l&??%ﬁ% I-58%1 gﬁl}lto}ﬂ}o ymer
excl usively in thgarkerl &s phraparedrto raasetogoos cbnmawmdﬁmsdahenger
Cerart oo oI O el ARl g bRl ance, nc
sol i d- phase st epssubbequently bottle appearance, due to more or larger black specks

relative to an analogous preform or bottle without AA scavenger and its
carrier added.

There is cost savings associated with manufacturing polyesters entirely
in the melt phase. There are also subsequent melt processing
advantages to avoiding solid-phase poiycondensation. 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 1.V, losses during melt processing. In addition,
solid-stated polyesters have higher meiting points due fo the annealing
that occurs during solid-stating. On the other hand, there is also some
guality concerns associated with manufacturing polyesters entirely in the
melt phase. Making a high intrinsic viscosity polyester polymer
ekc!usively in the melt phase increases the time exposed to the elevated
temperatures necessary to keep the polyester molten, relative fo a

~ conventional process with both melt-phase and sofid-phase steps.
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WO 2007/ 035256 PCT/ US2006/ 034616 Increasing the tine at nelt
tenperatures increases the formation of AA precursors in the nolten
pol yester, wo mhre3s2500l ed and formed into polyester papétekRtsnsasis
During subsequent nelt processing of the polyester particles to form
articles, the AA precursors, which are present at higher |evels, are
converted to AA; therefore, high IV polyester particles nmade

entirely in the nelt phase have hi gher AA generation rates upon
nmelting, relative to high IV polyester particles nade by a

conventional proc@gfeadifg tk%l tﬁﬁe faPﬂnbﬁ‘f@mb&%?urBé gﬂ:rééée%%é( ﬁﬁﬁﬁftton E,&AA

particles nmade entirely |n phase have higher preform
| evel s than high Pﬂﬁq%ﬁqréﬂftﬂ?ﬁ l‘p@]tﬂﬁ mheeﬁtersrwb@hb?caoledmméﬁowmdﬂnto

process using sol PQI@E@PEQ B Fﬁghﬁ%u%qugﬁﬁnghﬂ%gslpg‘b?glﬂgwolyester

subsequent nelt processi yester part
articles such as paléiblasrteforrmﬂrtipiasythen%pmwm ovetticth ysatpreaenmtmgrﬁre

the reactions of curs o for con satlo
catal yst can al so g’% aﬁiﬁg‘é" Vﬁ’ge A&Gﬂ%?%%ﬂ?@ﬁa e
is a need for a pehtynelgﬂarth@ﬁ-leytrmrasbha{ré htgheaAhlmekéilcﬁn*atdsaprn melting,
nmelt phase and thereb

avold step of solid s
pol ymeri zati on wi FaY pP‘QE‘”eé P#@P%H%\‘i’&rﬁya@%”v%m@éﬂ@?%ﬁse&

low amounts of Aéisuﬁ@ubva;semat ﬁlgﬁWbBbeB@réﬁﬁﬁ%%Q&e aﬁ%ﬁ; ifhe melt
scavengers since scaven ers elther st, black specKs or

dar ken/ yel | ow t hePh ﬁgﬁ:ﬂ %ﬁhlahera:rrefoan %lﬁvﬁlﬁdbé" highel Viieadyesiter particles
especially acute %Eﬁﬁ%’e? | ow
| evel s of AAin pl;nreal 'ﬁfengottﬁjes. t%\f?\%ﬁ@ﬂ&%ﬁbtgve no'rz\eé%p{

desirable if the @@hﬁlqyesyester conposition can neet the IV
requi renents of the CSD bottle market. 3. Summary of the Invention In
one aspect of t-he invention, there is now provided a pol yester

pol ymer  conposi t During supsecaientmelp processiay q@dialptﬂysstepmntiblebm@form
repeating 3 WO 200& 3525 PCT/iUSZO(%ﬁ/ 0346
icles such as prefo e polycondensatlon catalyst can catalyze
the reactions of the AA precursors to form AA. The polycondensation

catalyst can also catalyze the reactions to form AA precursors.

There 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
since scavengers either add cost, black specks or darken/yellow 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. 1t would be even more desirable if the same polyester
composition can meet the IV requirements 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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al kyl ene arylate units and alum numatons in an anmount of at |east 3
ppm based on the wei ght of the polyner, said polyner having an It. V.

of at |eastvoor#seistg obtained through a nelt phase po'ﬂ(’f‘ﬁﬁéﬁﬁ%ﬂsﬁ’@s
and a residual acetal dehyde | evel of 10 ppm or |ess. anot

aspect of the invention, there is provided a. polyester conposition
conpri sing pol yester poI ynmers and: (i) alumnumatons (ii) alkaline
earth netal atons or alkali nmetal atonms or al kali conpound residues,
and (iii) a catalyst deactivator effective to at least partially

deactivate the Cag&%%lhb% 'O’Hii%%nﬂfal*]rﬁﬁzuﬁf)%@lﬁ%% bﬂ%rﬁélfrg%f%t fela)st'f,

al um num at oms an ne earth metal atons or
atons or alkali ppmdmsed ondbi tpdght ofther polyerissid priyedieaviag pndtcd sef

bhosphor e at ons Foeaet57s SER MinioBRrEE0s = il DA BREn and i ng
a) al um num at onsr@lfﬂijdb}ac@tbld@hydmle&elrdfhot’mirﬂbr fegsonms or al kali netal

atons or al kali conpound residues, wherein the phosphorus atons are
added to the polyester nelt when one or nore of the follow ng

condi tions are safn gidtRst ﬁpebf@*tﬁ@fﬁv@hh@ﬂdhé)@ﬁ@bﬁ)wcﬁé@iaﬁblﬁrbﬁ’@i" on of
the polyester nelt: a) the polyester nelt reaches an It.V. of at

| east 0.50 dL/g 6‘?"“59’5'%?:9@!???%@ palyester polemeEs gt er nelt, if any,

is at least partially rel eased,(, Hlurkinund afohes pol yester nel t is
present in a nmelt phase polymar?zatlon process, adding the

phosphorus conmpound within a fi(ihalkalisacash retel ararisy alkall peta) akines

pol ynmer or Dbet V‘eﬁpaikgi?c%nﬂgﬁndr%gﬁlh% eﬁ'lbd before a cutter for cutting
the polyester _

(iii) 2 catalyst deactivator effective to at least
partially deactivate the catalytic activity of the combination of said ()
aluminum atoms and (ii) alkaline earth metal atoms or alkali metal atoms
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 alkaii 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

¢} 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



WO 2007/ 035256 PCTI US2006/ 034616 d) if the polyester nelt is present
in a nmelt phase polynerization process, follow ng at |east 85% of
the tinme faiopekisesrdensi ng the pol yester nelt; or e) t . ;
the polyester nmelt is within 0.10 dL/g of the 1t.W. obt]gtéarr{geI§ 0%608%6](1(
solidification; or f) at a point wwthin 20 m nutes or |ess of
solidifying the polyester nelt. 3. Detailed Description of the

I nvention The present invention nmay be understood nore readily by
reference to the follow ng detail ed description of the invention. It
must al so be noted that, as e 4 il [

appended clainms, the si ngu?);?ﬁgqedypés&g,rﬁaﬁgrﬁréﬁ Ir?tﬁrﬁé)fjplﬁéﬁ’eude
plural referents unless t heolg@atizstiondreeassyfolipwingtaideast B6Ln0Ee tifoe
exanple, reference to pro i i . " a "preform
"article," "container," or%fégﬁg?@enlg@ﬁ*ﬁ?!?ﬁ%g@ké{%Sr ude the
processi ng or maki ng of a p¢helliV.yof tiie pplpesteemslt ipwithiardrs) dafkt oithes,
containers or bottles. Ref ces.tq a co itlon containing "an"

i ngredi ent or "a" pol yner ﬁi-%Pﬁ%@ﬁgét?Of‘o%Bﬁ@?ﬂ@@: 8t her ingredients
or other polymers, respectifyat ¥ poindwitBiddi( infutésort 1BEs 6NEOIRIFNRE- thBY
"conprising” or "containing" or "having" is nmeant that at |east the
named conpound, el ement, paRYRIY M nethod step etc. nust be
present in the conposition or article or nmethod, but does not exclude
the presence of other conpounds, catalysts, materials, particles,
met hod steps, etc., even if the other such conpounds, material,

particles, 5 WO 29956%58%3?5&(0\4?%@%&@? met hod steps etc. have
t he sane function™as at is na , U xpressly excluded in the
clainms. It is also to be understood that the nention of one or nore
met hod st eps The present invention may be understood more readily by reference to

the following detailed description of the invention.

It must also be noted that, as used in the specification and the appended
claims, 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
"bottie" 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,



does not preclude the presence of additional nethod steps before or
after the conbined recited steps or intervening nethod steps between

those stepswexpopgsisyy i dentified. Mreover, the lettering-plsRbQReEs
steps is a convenient nmeans for |dent|fy|ng 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 tenperature range in a process, or of a reaction mxture, or of a

melt or applied traetaotetdps e, Halveahd ShNBRlindion a@%ét‘?&dnérﬂea m&%’%ﬂ
means in all cases that the limtation is satisfied el t her

appl i ed tenperat &XBFBS?W@XQMGQHMMQM ure of the rrelt or polynmer,
or both are at the specified tenperature or within the specified
range. The word "conposition" nmeans that each listed ingredient is
present in the d¢¢ |t9|b§ruﬂd§mi0@bﬁ®tﬂlﬁmenhﬁryoﬁdrﬂora’nyre nmgﬂmﬂi aeps

in the conpositi I Sltl

solid or 1iqui ddg%%lnat @%P%gﬁﬁgpr‘%’g ?g ?‘%dﬁt' ?Wﬁﬁg?fﬁpg ‘rcﬂi? °6e
bound, unbound, aﬁeaﬁ'reeldlmhnmcbmﬁeaﬂste@adaruﬁémﬁmgtriﬁhw%ﬁa;ﬁlﬁ&wfeéﬁd
in any oxi dat i-og. st edln QtIOI’lWItha
nmetal is neant tﬂ?ec’% tt%fs ?%65?7?&36@%%%%3&8@"8& Hn%PQP@Cea'ﬁy
nor phol ogi cal st ateps isayosveniehtuhens f@?ﬁieﬁtlfyﬁ@cblé’d%tecﬁlﬂm%@'or%i se
whet her as added tg [?g resent ip the ymer or compositio
matter. 6 WO 2007038 @9@@8?’8@4'@%6(1 PWC?%Stﬁpﬁ@éBsbecﬂ"ﬂﬂwd
invention, the fimadyddquehcd.he pol yester polymer is built entirely

in the melt phase poI ynerization process. The process of the
i nvention opens up a techni que not possiblé with conventi onal

ol yost or pol ymer [eornd 2 aRGe AR al el it il uirbaPhidi tomen
range. Expressing a temperature or a temperature range in a process, or
of a reaction mixiure, or of a melt or applied to a melt, or of a polymer or
applied o a polymer means in all cases that the limitation is satisfied if
either the applied temperature, the actual temperature of the melt or
polymer, or both are at the specified temperature or within the specified
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
liquid: 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
oceupying any oxidation state, any morphological state, ariy structural
state, and any chemical state, whether as added to or as present in the
polymer or composition of matter.



foll owed by solid-phase pol ynerization to continue the nol ecul ar
wei ght increase to the final desired higher 1V. The conventi onal

process doegyo ein3eekM t appreci abl e catal yst deactivati P@T/hé‘zoﬁé?tﬁmm
nmelt phase as the subsequent solid-phase pol ynerization requires

catalysis. Since the process of the invention is capable of building
t he nol ecul ar weight to the desired final IV entirely in the nelt
phase, the catalyst can be at least partially deactivated to thereby
avoid at | east sonme of the catalytic activity upon subsequent

mel ting of parti @ BBLE drtn@ir REER the Y RYUR pd i RRH R T O

of additional AA Further, because yst ca
partial ly deact i bdiltentirely irige naglt phasiegqudy metization pressssofThetiprocess of

i nvention also o : i bt | t . or e

i gnl'y active nefe praish SRR Llechiudoa B5idis WA By diodB s uer

as antinony cat apyeessesihe coseentionhl pbbysses] theamoletbtiar weizge of Bieal yst s
has been di scouraged because they are, generall |.so.. nore active at

catal yzi ng the ng'ge?*SBBS‘V@ﬁé'ﬁ'Hé&%P%‘? %E@&F%‘@W@"E‘ﬁ%?: an hle}‘ibugh

nore highly actiisiowel bybisphase yenmaeRsRn vroopahed i holsshRi Waiigtithe
melt phase residence ti Is a factor_that, when all other

, which | | )

things are equal ',ncfet?ﬁ&stgﬁlﬁ WF%G‘G@EG%WEB?&W@rThﬁaWﬂant'%ﬁiPr¢‘éﬁﬁél®e§f
free AAin the pabi edifiit NENSASIe cHRRRt BBAGIVASORR the $héBplhssd 4 fRean
article, the benefits obtained by flaster reaction tinmes in the nelt
phase pol ycondefidgaayanbsalidtiegeipplynferizatiorn srayires enialyisis Sinkestheo

I ncreased catal yg| ' : | : ors.
In o conventi onbrcarso e WyerRls Sl E pliRinE A8 ietibRh et &0
highly active ctealasied fioauleriicely geifieondly phase, e patelyehcan bé ahikast

cotivity for si aimalebpdREeisaltiaghy 5% s Ras s bbuoBRYE %t o

form AA or AA prectivity apsn shbseduest peltingest pasiddsohiieh & £ costsrequent |y

Mvent i on'now al FOUEPRER: Bedisppayon of aadional aa, "¢ Process of the
Further, because the catalyst can be at least partially deactivated in the
melt phase, the process of the invention also opens up the possibility of
using faster or more highly active melt-phase catalysts than conventional
catalysts such as antimony catalysts. The use of highly active melt |
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 catalysis
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 peliets; 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, ina
conventional process Which employs solid-phase polymerization, highly
active catalysts couid 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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a highly active catal yst systemwhich results in a shorter residence
time, and further provides polyester particles which generate | ow

| evel s of Adyo poissssgbsequent nelting by at least partiaj
deactivating the catalyst. In one enbodinent, the highl yéya[ﬁm?/ﬁém“m

catal yst systemresults in polyesters with fast er or equival ent

mel t - phase pol ycondensation rates, relative to Sb-catal yzed

pol yesters, and, after late addition of a deactivator, will produce
pol yesters with a | ower anount of AA generated, relative to

Sb- cat al yzed pol yqstetiSAA lop ARDSroBIIRBA WREH thetpftﬁyrﬁeiﬁa;ﬂ sRpoVi ded a

pol yester polymer conposition conprising: polyester yners

conpri si ng repeat isHgsequaily srritedwhent making es atiide.al um num atons in an
anount of at least 3 ppm based on the wei ght of the polyner, said
pol yner having an It.V. of at least 0.72 dL/g obtained through a
mel t phase pol ynediszattédabave] tize pmebﬂuﬁheam@ﬂbdaby@!otme\cﬁie toferifloy

ppmor less. In a od| her V.I ded a, pol yester
conposi tion conp:;qyé\ﬁg aﬁgb ?t i W@&@harﬁgm T1)® %%Fﬁe ‘é"t‘?ﬁ’rﬂme
(ii) alkaline ear&hdfmtisdr pmmss polyedtebartices flhick gerferaterowrlidaid of AA

conpound r esi dues and (iii tal yst deactivator in an anount
effective to Pe%ﬁuéﬁﬁcﬁeﬁfﬂ?ﬁ 3tjeqss parially deastiating fee catatypt. of

the combi nati on ofin oﬁ@eﬁhbbubméﬂt%%ﬁm@hmlm étlé)ys?nlf?ééu gyparth

netal atons or al kali netal atons or oun r esi dues.

2007/ 035256 PCT/ UB2esiepnwith Bstary equbialant mait-phsseramlycondeasation rates,
th | ast i | h f
ernopl astic pol y egéﬁ\féfto%ﬂ- %@@Fedlﬁﬁlryéﬁqt%f‘se anki %éﬁg{ gq%tdp PR/ TS O

the invention are distinguls urd cr yners and
t her nosetting pol thwam Wiﬂ@‘odudeepaimﬂt@rstwﬂh @huvgemnmmm:éAAo

appreci abl e or derﬁgneﬁ_g{ apeéﬁ\,ev{a él?cat’élyz%d %olyegfé' d (nelt) phase, they

can be renelted a res

In one embodiment, there is now provided a polyester polymer
composition comprising: polyester polymers comprising repeating
alkylene arylate units and aluminum atoms in an amount of at least 3
ppm based on the weight of the 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:

() aluminum atoms

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

(iii) a catalyst deactivator in an amount effective to
at least partially deactivate the catalytic activity of the combinatio.n of
said (i) aluminum atoms and (i} alkaline earth metal atoms or alkali
metal atoms or alkali compound residues.



nol ded article, and liquid crystal polynmers and thernosetting
polymers are unsuitable for the intended applications such as

packagi ng oo ®beEshi ng in a nold to nake a contai ner. J@ﬁuﬁ%drﬁ?&@r
polymer is desirably a random pol yner such that the nononmer units In

the pol yner chain are randomy arranged rather than arranged in a
bl ock fashion. The pol yester polyner contains repeating al kyl ene
arylate units, such as alkylene terephthal ate or al kyl ene

napht hal ate repeat units in the polymer chain, Mre specific

exanpl es of these Peai i i il ; : ate,

et hyl ene napht hal ;-'th g, Egiz%lﬁigrr ‘?mn‘é't“ﬁ%'gﬁ’éwfeé?“g%%?ﬁgpg'%’ %.&éﬁg@gﬁ%k'ef erred
are pol yester pol Yiobestaihermoplastie polymers pf thedaventioy laire distinguishable
conmponent conpri si : 9 .25 0
terephthalic aci dl,ﬁja&err?r}u\'/% rﬁz\?;{glsﬁé)ly H{é&fé@@{ﬂﬁﬂ%@@%gw Friérs Tn that

napht hal ene- 2, 6- difearioplagtic polgioieds haves nw appreeimbizf ordaht dtalcture-while-in
di carboxylic acid, or m xtures thereof nd (ij),a hydroxyl .conponent
conprising at |ealt® @ﬁ"%ﬁF%‘g)ap SEh eyt‘%‘%ﬁﬁﬁ% eh%d @P%%%ﬁ@%l"}i@@ or
1, 3- propanedi ol , hwsidst aticléDandidfd BRIsES RblyRiers and @erhicse i bolymers
conmponent residues and ,100 nole percent of hydroxyl conponent

resi dues in the p8l§/Wasuitabledar hedntended applicaiionseh RAKaGNEPras

pol yet hyl ene tere?ﬁéﬂﬁinﬁ?iﬁa%&d@@ﬁ%k@b cdri@fél.ng a diol such as
et hyl ene glycol with a dicarboxylic acid as the free acid or its

Cl-C4 dial kyl ester to produce an ester nononmer and/or 9 WO

2007/ 035256 PCT/ %ﬁ@%&é@é@ﬁ é@lggfé'yri%@ée‘éﬁ{aﬁiyh%’fﬂ'ern‘apﬁg%&gﬁngﬁ&ch that the.

pol ycondensed to pro ne conpo
cont ai ni ng car boxionemee uditgindbe pejymer chdir dreaandwily)artanged oftheathane

reacted during thgif?'éé’%oﬁ.ﬁfﬁ taﬁ%%ﬁtéggmocorrpounds that enter the process

cont ai ni ng car boxy r derivative(s) thereof that
beconme part of said polyester product conprise

The polyester polymer contains repeating alkylene arylate units, such as
alkylene terephthalate or alkylene naphthalate repeat units in the
polymer chain, More specific examples of these repeating units include
ethylene terephthalate, ethylene naphthalate, and trimethylene
terephthalate. More preferred are polyester polymers which comprise:
(f) 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 mixtur'es thereof, and
(it) a hydroxyl component comprising at least 80 mole% of the
residues of ethy[ené 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 dio! such as ethylene glycol with a dicarboxylic acid as the
free acid or its C4-C4 dialkyl éster to produce an ester monomer and/for

9



the "carboxylic acid conponent.” The nole % of all the conpounds
cont ai ni ng carboxylic acid group(s) or derivative(s) t hereof that are

in the proWa:jggmgzsup to 100. The "residues” of conmpoungé-sisioocniscis
containing carboxylic acid group(s) or derivative(s) thereo? 6Iflat

are in the said polyester product refers to the portion of said
conpound(s) which remains in the said polyester product after said
conpound(s) is condensed with a conpound(s) containing hydroxyl
group(s) and further polycondensed to form pol yester polymer chains

of varying | ength. oMaiterk NcIPBR: HRARRHYENGSNR!D gf&dqpé%ew ester.

group(s) or derivatives thereof can beconme part ste
pol ymer product ( s)Mop thanipae conmssind dontaining eanbexyltcrm:l@gmm&s or

of 'sai d pol yust or i REBHs Bnefof b BLtS RIS oy, (IR T, 0%
mole % of all the mnmundaéhatcamt&rathe|prtg:elsydombay1m@ca1bp(<wc a:u’d group(s) or
deri ti th d .pol t t(

add up to 100 heteraBiBEEETEY Rt neBume TR BRIdRY Seteb bt <yies
derivatives ther eahet‘d?@'bohdm@mtl cﬂﬂn}borﬁafntsahd mdl’@h/y@ﬁélﬂmem&ﬁi;b&lnds
refers to the portion.of sai remai ns in

pol yest er product W%P'"Q&PH’O&(&S%”%‘HH@(%P@ so"éj@ﬁ'él@’%‘éeéﬁ th@raoh ﬂ?ﬁ‘t are in the

conpound(s) cont ai mbagctca@ﬂwlm %‘é dr&@fdﬂléﬁ’(ﬁ)co%pdﬂ@)HFéﬁ%hYa%ﬁ
t hereof and further pol icon ensed form pol yester nmer charns of
Y

varyi ng | ength. THarbHEoRAeH Qr%léo(ﬁl/@lrr@ﬁd'wtw%§ &é@ﬁfélmt afar"bﬂ'beﬁal@
d d 10
U0 20071 038956 PCTIEIB0ET Sirs oeRR 8 pBfich T LARCeaMpSRYOTRE

the polyester pol yagaisdmie sajg polyspten peedusbaiien saidcothpoongishisnt

oot "Pne o Foe0of o SRk S Bh P el P85 e

t erepht hal i c aci d,pohaphtérdedrte-fortn feljestar polyyler chaios &f valgiigiahgthes of

napht hal ene- 2, 6- di car boxylic
More than one compound containing hydroxyl group(s) or derivatives
thereof can become part of the polyester polymer product(s). All the
compounds that enter the process containing hydroxyl group(s) or
derivatives thereof that become part of said polyester 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 hydroxyi
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 iength.

The mole% of the hydroxy! residues and carboxylic acid residues in the
product(s) can be determined by proton NMR.
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acid, or mxtures thereof, nore preferably terephthalic acid or
derivates of terephthalic acid, and (b) a hydroxyl conponent

conpri sing @i Joeams2s90 nol e% or at | east 92 nole% or %T/bfzﬁﬁstms%ﬁ
nol e % of the residues of ethylene glycol or 1,3-propanediol, nore

pref erably ethyl ene glycol, based on 100 nol e percent of the
carboxylic acid conponent residues and 100 nol e percent of the

hydr oxyl conponent residues in the polyester polyner. The reaction
of the carboxylic acid conponent with the hydroxyl conponent during

the preparation ofintdnethes ¥l 6d eﬁfbeWnt,‘tﬁe%lyesfe‘?%lﬁn?ér%n’iﬁﬁs%@:e
stated nol e percentages since one may utilize a large” excess of the
hydroxyl component if &8k Faigoxdicqcicheprprenast gempasing st tapst 90 matelee 06
relative o the 100 molgidaaf of Aok &t 1k 96 ARG the ks i1

pol yester polyner nade by the reaction wll, however, containthe
stat ed amounts of ar onigrephibaicrdidxddrivetivas of terephthadis agitld naphthgleane

gl ycol residues. Derivati ere A I d d, napht.hal ape ..
di carboxylic acid inc u%é‘%%ﬁ?%g‘y'iﬁécgﬁwﬁ?@%@e@gNﬁﬁﬁfhﬂ%?"%ha’?“é’f&’xy&
di al kyl napht hal ates, socidhoamidines therkoie mepd phefbribly @rsbhthalic acid or

di met hyl napht hal at e. di.fi.ers_can he present in anount of up to 40
rinmole% or up to 20 Nﬁﬁf"é@?SBfrte[ﬁPr&@'@@c P8% or up to-8 nole% or
up to 5 mole % based (9 hjRodd QoRdbReRaohfiMsiref atllBit00 BEReS or ve
conponent, carboxylic fﬁ(:?:ﬁg or h%dr oxyl, in theo ol z/hr;sr.. Mono, tri
and hi gher functional 92 Brole’s, @ atlpast 8P dneip groé fesighign ofF etvipse
in amounts of only up gihnut 3. WEoP (qi‘ﬁ{ 34616
nole% or up to 4 nol egﬁ?’cor up ?B%Sou?'%%%%ﬁ%gggggﬁ% eoqloo
mol e percent of tRaped pRIPBEIGIG setenbebacartuylivagiticonpongnbresidues

DI 1" LT s ORI L
polyester polymer.
The reaction of the carboxylic acid component with the hydroxyl
component during the preparation of the polyester polymer is not
restricted to the stated mole percentages since one may utilize a large
excess of the hydroxyl component If desired, e.g. on the order of up to
200 moie% relative to the 100 mole% of carboxylic acid combonent
used. The polyester polymer made by the reaction will, however,
contain the stated amounis of aromatic dicarboxylic acid residues and

ethylene glycol residues.

Derivatives of terephthalic acid and naphthalane dicarboxyiic acid
inglude C1 - C4 dialkylterephthalates and C4 - Cq dialkylnaphthalétes,
such as dimethylterephthalate and dimethylnaphthalate.

Modifiers can be present in amount of up to 40 rhole%, 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 about8
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terephthalic acid, naphthal ene-2, 6-di carboxylic acid, derivatives of
napht hal ene- 2, 6-di carboxylic acid, or m xtures thereof, the

carboxyl i c waciofhes@ssgonent (s) of the present polyester h
one or nore additional nodifier carboxylic acid conpounds T/h%% {ﬂﬂ%lﬁ

addi tional nodifier carboxylic acid conpounds include
nono- car boxyl i c aci d conpounds, dicarboxylic acid conpounds, and
conpounds with a higher nunber of carboxylic acid groups. Exanples

i ncl ude aromatic dicarboxylic acids preferably having 8 to 14 carbon

atons, aliphatic dj %E'/??Fgﬂrnt84%bﬁs/ o?rgfﬁ%ﬁ@utyz Yég?b%ﬁéa’o?@hg?p@o”

atons, or cycloalip at| car boxylic avin
12 carbon atons. Nbple mwtﬂﬁmm@we@bmpmdnﬁ carbodyl«raadnmoyhydroxyl,

acids useful as p cid conponent(s) are phthalic acid,
i sophthalic acid, %hg% %%[gﬂ'gﬁ'e- 2, 6-di carboxylic acid,

cycl ohexane- 1, 4- dlcarboxylic acid, cycl ohexanedi acetic acid,

o Prery o B BBt oSBT RS Bl A, ot o

i sopht hal i ¢ acid, t@@htﬁﬁﬁb%@iﬂ- Raphthelefaionyichtfoxglid Heid adéhivatives of
cycl ohexane- 1, 4- d| carg_I xylic | d being nost,  prefer able. It shoul d

be under st ood that"%’@ 3&9"%‘%@ @ﬁ‘rF’@%)ﬂ’@r?&I%QrE&Xtﬁreséhﬁw,ﬂhéé?am@é(ﬂ&s
d idchlorid
1000 1o 5l o pEpans St 85 o

"carboxylic acid". It is ound
branchi ng agents aﬁﬂﬂ’l’f@@ﬁbﬂigdtﬁ@ W@ﬁxﬂlcha@ﬁéﬁmam fc | modifier

acid groups to mdifunkhies B'c%ﬁfpto%dﬁ cflRgs o bl ORRGOR! Q&é%bh@oﬁﬁ&lé’

chain termnators |on conponent. ‘conpr
et hyl ene gl ycol , tdiearbéxptic arigl cou:mmmﬂenand)cﬁom;bmimisasrﬁna htgi‘leyaﬂrré]er phy

el ude addl ¢ onal o B¢ 80 RIS, L Rondbl ol BB RS R oes

groups. Exanpl es qfreferably havinggdo dmdarl@dnmmdahpmﬂcuﬂ'@rboxyhc acids

cyeLoal Iphatlc ol ol ephE! Bhabl 4 13 S Suiopcaubon parm andiol,
acids preferably having 8 to 12 carbon atoms. More specific examples of
modifier dicarboxylic acids useful as part of an acid component(s) are
phthalic acid, isophthalic acid, naphthalene-2,6-dicarboxylic acid,
cyclohexane-1,4-dicarboxylic acid, cyclohexanediacetic acid, diphenyi-
4 4'-dicarboxylic acid, succinic acid, glutaric acid, adipic 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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exanpl es of such diols include diethylene glycol; triethylene glycol;
1, 4- cycl ohexanedi net hanol ; propane-1, 3-di ol ; butane-1, 4-diol;

pent ane- 1, Sgufofde3sigxane- 1 6-di ol ; 3-nethyl pent anedi ol -
2-met hyl pent anedi of - '(1,4); 2,2, 4-trinethyl pent ane- di ol - ]()é%gélz)"%mm“

2,5-ethyl hexanediol-(1,3); 2,2- diethyl propane-diol-(1, 3);
hexanediol-(1,3); 1,4-di-(hydroxyethoxy)- benzene;

2, 2-bi s- (4-hydroxycycl ohexyl ) - propane; 2,4- dihydroxy-1,1, 3, 3-

t et ramet hyl - cycl obut ane; 2, 2-bi s-(3- hydr oxyet hoxyphenyl ) - pr opane; and

2, 2- bi s- (4- hydr ox erlﬂ(ﬁn '

pol yester pol yrrer)é%@ﬁgr e %% éf@égﬁgﬁfy%é@%@@hoﬂﬁﬁépgh%

i sopht hal i ¢ aci d, cg¢l6aliakic Idajleepmﬂdarebiybmidgi tetocl2(l ehrbén 4toms and/or
cyclohexanedlnetha

Th
commostt ton mmy. | ANt s R PV H37 en eARPaREpEn M soegi or
pol ﬁal kyl elne naghbhtahmteté%)fahcﬁgldm mbludélm%thyléﬁteglml ﬁiﬁthﬁerﬁmglydﬂ;rfél-
such as pol ycarbonate ol yani des a
pol yesteP cgnpom FVgﬂhé)f?&)@FlH”‘%ng {Ef@PQN?ra;%‘it“P ;’U’Eﬂ“e"{ ﬁ@@op apert.o-
pol yners, nore pr e md¥arelN6-alb!: mﬂia/lﬁntﬁedﬁcﬁ-a@tl)gﬁ-m%yl%n@he@bl-

| east 95 wt.% and nost preferab

%.  based ‘on the

al | thernoplastic ('béb )ﬂ%ﬂiﬁ”'@@ﬂb’ﬂﬂﬁﬂ‘ﬁf@ ‘ﬂ'pH"e%)sfi 5t ﬁ@ky!j@%ﬁﬁed'@bﬂp%uﬁ@s
or particles, fibg fhen I
forma disconti nuous plg 5 ; (?‘qu'l Bglh\s%'éaﬁéd' e(Irilr% 'd’ ?%Wﬁ:ﬁo cﬁh ster
pol yners do not cbenzene; azafbfsr(mwdroxycmmxybfprowwcﬂ %ahh)fdr@nmdﬁ 3~
ot her pol ymers wh t . hodi e
Che composl t1 on coRtt Qb AeberiaR! g oK Ts MR et BB S TR o
| ess than 20 w . %2, Z;blgL(éS'wdtd)@rprOM}(yphé}WI)Gpmdlm th@mnﬁdrftﬂrs e or no
ost - consuner recyc|e est er esent _in
(F:)orrposi tion, baseﬁ lyﬁ T[eE Eﬂeélm #E”E@Y{:BT'?'%%{%%‘?“%@?@&S I'n
13 WO 2007/ 0352561§8§ﬁ£ﬂdﬁ£@@ﬁ/ 0 BheddhthAssddieirbexyhedoirents- t he
conposition contains PCR in an am?unt of reat er than zero and up to

pdggfens

60 Wt.% or up toCHgohgxanpdignethang ene glycol.

The polyester composition may include blends of polyalkylene
terephthalates and/or polyalkylene naphthalates along with other
thermoplastic polymers such as polycarbonate (PC) and polyamides. It
is preferred that the polyester composition should comprise a majority of
the polyester polymers, more preferably in an amount of at least 80
wt.%, or at east 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). |t 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 &
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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or up to 10 wt.% based on the total weight of all polyester
pol ymers. The polyester conposition of the invention also contains

an al um nunwammmiup;ﬁ An alum numresidue is the noiety ﬁ?ﬁ@é hirBadih
a polymer nelt wupon addition of alum numatons to the ase

process for making the polyester 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 alum num residue may be in a form

i dentical to the adnme}lémwmeﬁmq@& fn ddﬁténﬁ@P@ﬁ’i’ldW%Suntof
reaction, but typically will be altered since th | um num

participated in a&"@@t@Fﬁ'ﬁ"r’?@TQ Rad ruﬁtt@ Qﬂ‘wb%l QEBhHEﬁ@aﬂ-l"/arDl‘ upyto 2het%,
|
term "al um num at Qﬂ‘ﬁg 8110 vitl b ALY eCgsﬁp%ﬁfgh?oﬁélfaﬁcﬂyé?ﬁepé%ymers

alum numin the polyester polyner ough any” surt
anal ytical technique regardl ess of the oxi dation state of the

al um num  Suit abl sence of a

i nclude inducti ve—lﬁy Oﬁe%#érd%ﬁ ﬁ’&ﬂoogﬁ'?e lgkleritm%sagf%ﬁogsgl&qrbgggbrwm
(1CP-CES). The coesidne.r Ahiatumiolimadesidue igithesmoiefyoehethiag it Bpopanidrsmelt
per m'IIion of netal _at l% ed on the \{ve ht ?f t he oI\s/ r. The
term"nmetal " does “PRBA Pﬁ‘ﬁpf FYriptin gipgs e h\gedﬂ?li Bhasg g g\?%ﬁ"

may be added to thie ﬁ@l&éstahp@@nﬁfw;ae@matm&ﬂaw n%rphél@@!dal Qt%té‘Ot
being limted and includin addi ng .t he al uni num conpound to th

catal yst mix tank SHHCURRL S Ptormk@gﬁcairstﬁi@gétf@rﬁiumwm ﬁ@jﬂP@UféFi ﬁ’élaﬂdECi
phase vessel or plweﬁt@%@ﬁaé'w@séﬁ%mb%@sfﬁoﬁ il i aluminum

i ncludes a salt or a conplex), or as a rovi
ultimtely activéeHguamexhe ip &t form ldeﬂ@cgldoyfm@aluammucomqﬂmad@saddedr

al one or in conbingid lﬂ%lt%%}é&%ﬁ&h K ¢ é)r%t"?lwﬂﬁ% I%%Pusggcc?eﬁrt h

nmetal atons or conpounds m num OXI V\Athl n
t he nmeani ng of aﬁlemmtrmrpﬁﬂicmpaipdurmdccmiemM@thebetmuBﬁolybelydenwtlon By

ol bl nd o KOLERLASRRTE FTLIRORPLORAE e L

sel ect aluminum in the polyester polymer detected through any suitable
analytical technique regardless of the oxidation state of the aluminum.
Suitable detection methods for the presence of aluminum include
inductively coupled plasma optical emission spectroscopy (ICP-OES).
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. '

Alumiinum 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 alkaii 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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an al um num conmpound whi ch can be dissolved in a diluent or a carrier
that is volatile and/or reactive with the polyester form ng

I ngredi ent SWo MHdsadzke 1iquid reactive carriers can have, S2006/0
nol ecul ar wei ght, such as those ranging from®62 to about@qlg 8%634616

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
pol yester formng ingredients. Al um numcan al so be added to the
nmelt phase process by nelt blending the al um num conmpound with a

pol yester pol yner jigs, & syl &@tﬁlyﬁc %éﬂi\!‘i?%‘fhe ;Stﬂ%r%hﬁ{eftdﬂé G&sifaBid 1o Bkt

concentrat e, and Subsequent Y, Pr eferab concentrate as
a molten feed to taﬁbalﬁm'nunpﬁaméowad)wwb caA bqﬁwévecbm aeditend br a carrier

addi tion of al um gt e 9BRAKNARA S REE NN Dok BlRY b Kb

which is part of ester phase process
Preferably, the cduilaphtliquickrepatike cdrdersaanttevesaryrmalekabr wekthg|such as

ot tabl 6 sol ventnoH AyERRdR HEa “PluCloid GiantPRardEn omim °°

starting cat al ystcoppuuads ks alsameeédﬂwmﬂﬁlmépweds@‘mm iftlakRjuid that
nmetal conpound or. | kal jne earth ne o nd or_ an IkaI|

conpound are heat%lﬂ&ﬁ lle anfigrrea E"Er”‘é‘théhﬁppgﬁe ‘%{'HB'%{”QB? ?“tﬁe to

affect dissoluti @ouﬂnmdm 8an Hiso P atcﬂbb% f@m@rt%ﬁééﬁrdd%é b?%él@@lehamg
140 C, or 115 to 135 C, for one to four hours. A nitrogen purge can

mnimze color f dRealNRUTN GopReUsd Withi sopplyester Ralymer infa §'€b¢ﬂﬂe pyaidsy
are a probl em Ther ofididRURB 1 ¥ E@ﬁc%nﬁjéfégoﬂdt%%b§éGJéﬁ1‘Flge§'r%fér8blg c

renove volatiles that react to rm col or I es, suc
to 3 scfm or | tdngltigthecongentreiemsa molten fa_eplrtO\ﬂee seliytidsetpyocass. As

e Phben curce” BRI Sledilth s Burdhyh et iR ot o

transferred to a catalysfsatix te&‘dxdvmmks path lof:thermyyMerlmdt phasla pmcess

0t oduce the ol uL g, Sttt b3 0shS AT AESENE el Sl mea
compound or an alkaline earth compound or alkali compound as well as
a suitable solvent. Ethylene glycol is a preferred solvent. The starting
catalyst components, an aluminum compound and an alkali metal
compotnd or an alkaline earth metal compound or an alkali compound
are heated at a temperature and for an amount of time to affect
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.

15



Al um num conmpounds of the invention are catalytically active. To
determne, if desired, whether an al um num conpound is catalytically
active by np@sidii/f ether or not the reaction rate is

the 1t.V. is |nér22£\§2d by at least 0.1 dL/g if neasuredh?ﬁg ﬂ&’%qdﬁg
starting point of 0.2 to 0.4 dL/g and after 1 hour at 280C and 0.8
mm Hg wth adequate agitation or after 1 hour at any desired set of
operating conditions, and wusing the concentration desired for actual

operations. Preferably, the alum num conpound chosen will have
suf ficient catal ytAGmain ¥bh ﬁmfth@% hﬁ& 5?@% Riic
increased or the It.V. is mg?ease 4 | east t% dﬁ{_?ta%ﬂb‘? To

neasured from a stctﬁtwm@e p%ﬂewredfwbemet an alumluu@ compsund |$|oahalymcany
280C and 0.8 mm

desired set of oggar ‘g‘t{%? cong @?ﬂg*ﬁeﬁtgmg”ﬁ%e tocﬁ ’éﬂﬁ‘?gﬁtﬁmﬂe 8%@&31?
for actual oper atit.\gnis mdreasesi iy aifleastéd! dbiatif catalingtifonaatstatihy pofnt of
al um num conpoun Ls~Ghecked,i 0 r.cat aI
conponents to be Sg%to P%‘@ZQ G aﬁsr ?gf"? %?ege}bﬁta'\drﬁgﬁg"%{bs\é{m@d%@ St
other catal yti caldgjtatien ovaftardnipmumdan eﬁFed/\éséﬂof@@bréﬁﬁg'd:&ﬁ@ltlons and
Preferred al um num cogBounds i,ncl ude al um num conpounds wi th at

| east one organi ¢ ‘St¥ fCgaeRniration gesir f%@cwzﬁﬁ?'@ﬁo%? Fegferatty.dhe

conpounds i ncl ude aﬂmﬁnanpéorﬁﬁtﬂﬁd%ﬁaébﬁwnﬁhé\@%@ﬁ&&t]é&&a@fﬁd SdtRfy su&t&’
wherein R R, R are |nd&w€en ently an al kyl grou roup, acyl

group or hydr ogen [haiiae eeastion satgis Vlcéﬁtasﬁéﬁtth%ﬁé/ dﬁlnF{eaRE Ib'yaélﬂzﬁSR@2
i's not hydrogen, ¢Rlg if rReadtréd 8 &s&?ﬁ}gﬁadp JZﬂJ}ngCJr 0.4%L/ aﬁére1 hgur at

i ndependently O or positive | ntegers I's €
no greater than 3280 ﬂﬂd@l&ﬂmhlgwﬁrsadﬁquatmmtmmmnﬂeumﬂisuratﬂnyde

a1 i num benzoat o CCTE R S0P BB e ST LR AR g or
lactate, al um numebtal aperatiers it is prefotredtiat eatah/ticractivity ofedlgmiingt es

such as al um num et Ioﬁngs Isaclhléc e th Pers%%cla%%ghy other catalyst

components to be used in actual operations, but in the absence of other

catalytically active compounds which will not be used.

Preferred aluminum compounds include aluminum compounds with at
least one organic substituent. lllustrative examples of suitable
compounds include those of the formula:

AJORJ[ORT,[OR"[R"]4

wherein R, R', R" are independently an alkyl group, aryl group, acyl
group or hydrogen, whete 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, o
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alumnumtri n-butyrate, alumnumtri-tert-butyrate, nono-sec-

but oxyal um num di i sopropyl ate, and al um num chel ates in which the

al koxy grougcPheAfssakum num al cohol ate is partially or V\p&th%/m /034616
substituted by a chelating agents such as an al kyl acetoace a?e or
acetyl acetone such as ethyl acetoacetate al um num dii sopropyl ate,
alumnumtris(ethyl acetoacetate), al kyl acetoacetate al um num

di i sopropyl ate, alum num nonoacetyl acetate bi s(ethyl acetoacetate),
alumnumtris(acetyl acetate), alum num acetyl acetonate. Preferred

anong the al um ”U%IG@WH%&@I&U%WHP%M&%&W isgeéa?%tégagrjtﬁ@:lxﬁrgf of

al um num and al um num al cohol ates, Basic car _ _
al umi num i ncl ude rAlPRISARTEE Suekias AbEINEMEddRienakiminire isnpsorylatel umi num

acetate used can hg &bdhek ﬁ_@gtsgértgcghﬁ.ﬁ mﬂ{}%ggtgg%{?' rﬁﬁﬁ%g%'d or the

nonoacet at e di hydr oxy conpoun a mxture I cul ar,
basi ¢ al um num ac érdoxyaiurdinamudiisoproplykats rapdi sleminarrechelatee im adich the

al um num conpounds i)izin asi c_al umi nym acet.at e i th borj.c
acid may in sone ﬂ%‘?gﬁgéb PF@&@E’%EUW%CO%%%H ??@%EVA?quGrﬁU%S{‘t“ted
| sopropoxi de i s nusta desiatirghgentdsuehtasiah alkyl ataivhduteadravetyigcaasiied
to effect pol ycondenaat :]egﬁy P eferredI anounts are effective to .

pol ycondense at a SHEB&SERY @cpipagetale aluguln Sisepreaylats; alugHaum:irigiethyh

a pol yester |ine GaetdRecPs), algfadishdetatt alurhiBlitf disbBRpyREs, Miminum
capital. More preferred, a reaSonable rate is that achieved with 250

ppm Sb or faster. MeROAgeRetle big(ethyhacatprcetaial, aluyminurdrip@iopidt er
pol yner generallya{cgmgf élﬂmlmg%aé&ﬂéﬁeﬁnaﬁ%m or at least 5 ppm or
ppm

at least 8 ppm or at |‘east or at |east 15 ppm or at |east
20 ppm or at least 30 ppm and up to about 150 ppm or up to about

wei ght  of “the pol yrereriad ctndilineiih? pSRBInd Rt Res B ZRIbAN, b
to 17 WO 2007/ 0353aHs BCakbizia @ht 2dhisunsdlocholaies Basic cathioxyfdhdd shits
increases the rat & a}ur}neikg}cnonrquUdé (r)nvc\;nétasic and dibasic compounds. The basic
aluminum acetate used can be either the diacetate monohydroxy
compound or the monoacetate dihydroxy compound or a mixture
thereof. In particular, basic aluminum acetate and aluminum isoproxide'
are preferred aluminum compounds: Stabilizing basic aluminum acetate
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 operéted and still
return the cost of capital. More preferred, a reasonable rate is that
achieved with 250 ppm 8b 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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| oadi ngs may give a reasonable rate with noderate to high MA
while giving slowrates at low MAI nole ratio. At high catal yst

| oadi ngs, s@igahlstiks0f the catalysts in the polyester (rjrpé/,r
concern. Late addition of a phosphorus conpound does re ucerﬁoeﬁ%sﬁéﬁze

| evel. In applications where clarity is inmportant, high |oadings of
catal ysts are avoided. The preferred range of alumnumis from5 ppm
to 60 ppm O her suitable amounts include from?7, or from 10 ppm and
up to 60 ppm or up to 40 ppm or up to 30 ppm Al . An alkali netal

resi due or an al kaélum&)uﬂﬁﬁioib b aM Al%ﬁh&é@séssthbbﬁtea{ﬂ@éfore W&L% at oms
or al kaline earth %‘Tﬁi atons present in 8‘0 yester ol ymer in
any form or oxi dat!Pafings 51359“@3 TQESQHGQ{BI(@I@IWI mpdersate tcshllb(MtAi whits

t he residual remai sy I present within the
LIRG skl s A 16RIN:APRBROUAG

polymer nelt or the f| ni shed pol ynmer or article. Their oxidation
states or wultimte physical, norphological, structural, or chem cal

scates are not L iAordle, Rt los ARy BPER ceuess PRI
oxidation state dera esmendilate Hddituhn:ofaé bbmms/edrﬁp@m‘d dded feduce the
50 not. 11 i bed. e ek 2pfiafla Whatrdedy ‘Smartant b aings of

or ganonetal 1 i ¢ comatalysts araiderl. The RS WadwaldmiFials frdrh i

t he chem cal stat§ of the alkaline earth neta ound or a
metal conmpound up&H RRAYi B Qﬁqsiugalp{@tamqu,nrﬁmglgdemn . REfrPMMEd Ap® ancdup

al kal i ne earth netabs pphtbrdg 6 A6 piBL 8F 8p i I A and GOUP 1A
or the periodic tablepbl ncl ugln t?gtﬁ{notp @S@tbgﬂpﬁ) Li, Na, K, Rb,

Cs, M, Ca, Sr, and preferably L|, Na or K. rapid rates and

charity, are he PRy FBRF R 2Rl E%Zrﬁfrﬁé{aif’e sy 2l

to the 18 WD 2007NG%8 ZE@MeOT ALSHODEAEBAELS atores brgzeatin the pweater

compounds (whi ch el ugdes R R SXidiod stsa?e, tdr it an alkali compound is used,
then the residual remainder of the alkali compound present within the
polymer melt or the finished polymer or article. Their oxidation states or
ultimate physical, morphological, structural, or chemical states are not
limited. The word "alkali metal” or "alkaline earth metal” or "metal”
[includes the atom in its elemental state or in an oxidation state
corresponding fo 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, oras 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 lIA 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 congern, 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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havi ng count erions, anong which the preferred ones are hydroxi des,
carbonates, and carboxylic acids. Qther suitable alkali conpounds are

t hose rrentlwmdwmqjéﬁP 6, 156,867, the disclosure of V\hlf({nl.,ﬁs%gﬁ%gidﬁ
incorporated herein by reference. They include the tertiary amne

conpounds and the quartenary ammoni um conpounds. The particul ar

am ne conpounds selected are desirably those which do not inpart
nore yellow color to the polynmer. . The ratio of the noles of alkali
netal or noles of alkaline earth netal or noles of alkali to the

nol es of al um num it Ahadlhs @ﬁ-ﬂ@lrc%hidbuhé@mch ficmeats éd?ﬁ;?l%x Br 2 fa?cz)

at least 0.25, or at least 0.5, or at least 0.75, or at
at least 2, and uph@¥nGeeinteriass, a@swtﬂgMémmesmefeagdmeamhy@'sxndeap

to about 20, up tocé,}ggh%}eé.%nd%{ﬁ&aﬂpg Mg 10, or up to about 8, or up

to about 6, or up to out 5 termne the particular anount and
nolar ratio enployed, consideration is taken to the desired reaction

ol yirer - vien ¢ he QiferSHEHAC 8ER 5 BbLAR Ak thERTinahg o A UK oo,
pol yester based dhetdisslosaraybitwitith iéfallypmbywaedm@felﬁby,refe%c@l AthdyR

desi r abl .f 5:1. Wien th
al um num 1 evel 1 dGE0e Ml Y s, PemairiRag e Buthar Ammeniee

may range from grmﬁmfunﬁbaﬂhﬁ plirtld:nlafr@rrﬁﬁe dom §lﬁhﬂ3§ sdidoted Er%éﬁrﬂfi&y
When the al um num, | evel s hi bet ween grea than 60 ppmto

ppm the M Al MR f8§Se paichglo "HBETFFF&GWG’@MC@'@H@E@ polyaero. 5: 1,
especially when Mis Li. High catalyst |oadings may inpact the
solubility of the catalysts in the nolten polyester polymer, which
in turn may incredd® fatie ohtheamples of alsali metal aponglesof alkeiigevearth metal or

advant ageous f eat | smthat'
th\é I atg agdl ti on%@eggéggﬁ ?’C@tg gﬁﬁggéﬁgérglr{ﬁ (MBM @ﬁ%‘ﬁr@ 555ges

PCT/ US2006/ 034616 franaatlebehei, eneattesst OlﬁSgbr gidtastyry, drcaidﬁamgs 75, or at
Therefore, there '[éasngor&rfgé@tdf nad LPptlo a% ?r75 rTR) t%B &;9?0 glljc?Lllth%

phosphor us at ons,
up to about 20, up to about 15, up to about 10, or up to about 8, or up fo

about 6, or up to about 5. To determine the particular amount and molar
ratio employed, consideration is taken to the desired reaction rate, color,
clarity and AA generation rate exhibited in the final polymer. _

When the aluminum level is betwsen 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 1o 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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metal content of at least 35 ppm at least 45 ppm at |least 60 ppm
or at least 70 ppm or at |east 80 ppm or at'|east 90 ppm based on

the cumul avigwgomeight of al um num al kaline earth net aTﬁcﬁﬁgmﬂng%I]#
netals, based on the weight of the polyester polyner. anount

phosphorus is desirably at a ratio of noles phosphorus to total noles
of all catalytically active netals (P-MMR) within a range of 0.25:1
to 3:1, where the total noles of all catalytically active netals
enployed is the sumof the noles of alum num the nol es of al kali

netals, if any, a%zbhsvel@éﬁ%tﬁfpl caﬁr\}sltactl e TH a\%fé}es_}hérfe i&PYw and

t he rml es of any other . catal he anount of
phosphorus is rmrdorawdedamo}yeswcarﬂpo ivReantaining phospihgeusatomss: dncta

or a1 oat 50 paieP edtepflie RGNS bR ERICR A Bt ht RS8R AP B Y,
t hese pol yners at Imgjr?()quml arsit ledsb8dippys o ahlebst @Gphraybased3sh thieu or
| ess, or 20 ntu or

relative reducti orFUHfU ﬂ%’f’ew?fgéttﬁ@lﬁerWHmaagﬁa{m%ﬁa%%f“%&ﬁﬁﬁ‘g@ﬁ@id’ge{;ﬁs

conmpound is as |al‘tga%ed$)n4ﬁ&/qn@’ghf@fﬂwepm B0y rABY, The aflios@Yf Or nor e,
relative to the sane W|thout ?hosphorus The wei ght of

al um num and al kalH"‘l‘?éB@‘éPﬂlJ?Fﬁ ﬁ%’i‘@%lycﬁt adielia of medesaphesphops tofelabiokas of
upon addition to ta‘ﬂ%a@lrﬁcaﬂf'%ﬂ/%efé}’s @“ﬁl'MR ﬁﬁhlﬁ@@?@b%’f%@g ‘P‘fcr 3:1,
detecting the anmount in f1nished Iymsr or arti It

det ecti on net hods whﬁretﬂmtqﬁaléﬂ@ﬂ%@f af ceeta Mgl ractivel metada lempeyesl is the

al kal ine earth neigfs, f@%ﬁh%é%bf‘éiwqu\fﬁ}b{eﬁ%ﬂ% SFRAATERIO M AR and the

em ssi on spectroscopy uor escence
spect roscopy ( XRFymales afaiisaflmen'tfdmemiﬂ ufcaﬂyrrendldimb fmolessamyaittkar i ne

earth netal s and I Ler bt 1S nat itable for de ecti

al um num at | ower %8§g&gw%#$@§%§ge .#h(?u?‘lﬁoﬁ"cﬁ;[ ‘ﬁﬁ%@?"é}‘? 'STWSTB eswab?yg

concentration of ahad?: k/BMHWltldalatl’ang@bﬂﬂ) 50 toan5al. Kﬂbibalrmh@jntﬁ@f on

reported as theprts of at ons se n the we t

o the pol ymer . 2800es 190 Al becat B SR 45 28 1656t 50 ppm, or &t lea
100 ppm. The solution haze values of these polymers at high catalyst
loadings can be as low as 30 ntu or less, or 20 ntu or less, or 15 ntu or
less, or 10 ntu or less. The relative reduction of haze by the ilate addition
of a phosphorus compound is as large as 40% or more, or 50% or more,
or 60% or more, relative to the same polymer 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 aikaii 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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The al um num and al kali or alkaline earth netals nmay be added as a
solution, fine dispersion, a paste, a slurry, or neat. They are

preferably wadgdemhsassa liquid, a nelt, or a free flow _ngl,('sl%ngo%\mﬁ(}p
and 1 n

can be netered. Mst preferably they are added as a |iquid,
particular as a liquid solution or dispersion. The reaction product
of the al um num conpound and the alkali nmetal conpound or al kaline
earth netal conpound or alkali conpound from the catalyst feed tank
is desirably added to the begi nning of polycondensation (e.g. upon
conpletion of at |least 90% of esterification or within the first 30
m nutes of pol ycondensation reactions. To avoid potential undesirably
si de reactions betseaivainum aodatkati ar gkkalineaeattweetals gerydreatdribd as & he

esterification zo i.C v Lnhibit o deactivate e al um num
catal yst and ther %&M@hbﬁn%ﬁﬂégﬁb’?bﬁg{%? SFLB#I’?EB%ien iaéﬁpr&?erqbéy
desirable in yet audeHers siduldiavmek, dra feskdidwing salidiwhithroandseeRsisd.
after substantial ,co Iefti n of the & terification,  reaction or at,

t he begi nning of of°™RFHE ﬁ'ﬁf@l‘ﬁl@ #%A liayid. ang iy payigular as a liquid
enbodi ment, at | easlutibh%r d¥pertfiod.east 85% or at |east 95% of the
esterification reaction (in ternms of conversion) is conducted in the
absence of added al um num conpounds. It is desirable to add the

al um num conpound i | b
conpound at or nef;{?,‘]Ié ? ﬁg%ﬁ%%ﬁi%ﬁé’k@?”ﬁ E?@b??%g% lfh(ﬁ;@?(?iémeéalt o]
prem x and heat t §enwounRt enalkebrpeanthimatal comgornd ar alkak cainpound from

al kaline wearth i i ] prior to
2ddi tion to the o paieREERERTane b BeihiFafEl Tl daph il

pol yners. O her c@pbigsdensatiah ée.gaypdrecapmsiton ofi 4t lekest D08of dxterification
exanpl e, M, Zn, I nd. catalysts may be used in

conj unction with gﬁqfﬁhme-ﬁéﬂdo’%ﬂ'fﬁﬁsr? Pa ?'ﬁ%@ﬁ% F‘%ﬁC%QFM i

catal ysts. Preferably, the polyester 21 WD 2007/035256

PCT/ US2006/ 034616.. p

the nelt phase r eggtq%;w&eht?ai rﬂ?lggsi\rgbﬁyhsqlélé réarg:%oﬁg g:attv:'e%% a?lzm%%?nalzétaltygt
- and water generated in the esterification zone which may inhibit or

deactivate the aluminum catalyst and thereby slow down the rate of
polycondensation, it is desirable in yet another embodiment to add the
aluminum compounds after substantial completion of the esterification
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 desirabie 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.

.Othericatalyst metals may be present if desired. For example, Mn, Zn,
Sb, Co, Ti, and Ge catalysts fnay be used in conjunction with aluminum
~ and alkaline earth metals or alkali catalysts. Preferably, the polyester
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since organic toners are preferred. Titanium catal ysts can be used,
particularly if nelt phase manufacture involves ester exchange

reactions. weenbidsggzsum catal ysts are those conpounds ad o603 616
anounts which increase the It.V. of polyester nelt by at [east 6%

dL/g, if not deactivated, under the operating conditions used to
make the polyester polynmer Typically, the titanium catal yst added
during ester exchange will be deactivated prior to polycondensing
the resulting oligoner m xture since, |left untreated before

pol ycondensi ng, t heolyibRRi HaYE MitBbitthe WHbkios BV Stlitto 156 Rl Hask B8action
pol ymer due to its high activity, which includes side reactions.
However, if desi r e¥iNC&aIANICORANS are Psclafred. Titamniumi aakalysimcan dealsesk s
may be present w t k.t ' | anount
of titanium catal yﬁsbtr{lalﬁ?mﬁgﬁcﬁ %hgﬁéﬁgﬁnﬁétg%ggg&%%%%P%%quqﬁge15

ppm based on the fReEipits. dhetitaniyolcatalysts At thosmyommpomdssadderibin al so

orount of "ant 1 nony et (eie86 i By BY BB oy e R aLg
gener ati on concer Nt debetivated nindef therdpemating dondjiibas esed to hakbehao

greater than 125 p ased on the weight of the polyner, It may be
necessary to incrergog]%es??‘reno tht of deactivator or phosphor us

conpound if cat al yTypicangf thbsitarilv@rcatip aaboauommg estek akéHmgRatil Be
metals, or alkali ent. Preferably, the polyester

net.al s .are pre ) } > > .
pol yner is made iGNt Srigefp eqﬁmnafensmg theniegtting eiigemer gyixture since,
antinony to the ngbf uﬁﬂé@t@d'b%?&b'p%&coh@ér?siriﬁ,%@ﬂ@@ﬂ[ul Cc?t%gétﬂmléé%éf'e% |

polynmer is made wi thout the addition of any cata a active

netal or netal corfE@ridhe golymersigetio Badigh actigity. iwhictoinskidesisitde  t he

| um nunm al kal i : ' j y f
Teasur ement  pur posga K aTa ar Sakr o e YR AT i '

i ncrease t he reactdatalystateydve presertagith theccatalysl systgmaof thedistenfion. dheg

I)r gmnfn Hzt grzt I ng pa%cmnt%ff ti&hﬁmt) gatgly%t,%s%d?fgéneéraljry aha%ld[as ?rtom2§ %%ma%d1 3]

ppm, based on the weight of the polymer. Antimony catalysts can also
be used in combination with the catalyst system of the invention. The
amount of antimony can range from 20 ppm fo 250 ppm. Due to AA
generation concerns, the amount of antimony 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 It.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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WD 2007/ 035256 PCT/ US2006/ 034616 w th agitation). It is to be
recogni zed, however, that one or nore of netals such as cobalt or

manganese W 200M362ski kel y be present at low levels in l‘@ﬁuﬁﬁéstmsmm
because they conme as inpurities with the terephthalic acid

conposition nade froma netal -catal yzed, |i quid-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 nelt
phase process. The pol yester polynmer also contains a catalyst

deactivator. By a g ééiYa%n?.d%QH H@"ré?folqh%e , e\%r,ctﬂgp?rlrlé‘gr ﬁ%ﬁ&g lve
to at least partially deactivate or 1nhibit the activity of the
cat al yst system Angigipeinhcas eobeftfos mangenese wilkmogtdikelyher prieathtyat low

deactivate the catpg| %\Qﬁl ' Bt OR.: . qi.ve .
| evel, and solely I?\(’)%féine@:éiﬁﬁg% e g?%{%}{ %@gﬁgggﬁé@ﬂggéfc&ﬁb@%gé e%thﬂ?lic
given |evel, when asid bempaositidromade frotrhe medblecatdlyze, liquistptase exitzden
W thout the - deactoRs: NegLuiifes GEmeainthe Hurtiens <iRgY G ol
earlier, the rate phaseppbdesphes aol@ingripnsteitsiod metals Adesd Rrthedhelt phase
operating conditions to a constant It.V. target is reduced, that is,
it takes nore ti mP?®%each the 1t.V. target, or the It.V. of the

polymer is reduced at constant tine relative to the no additive
case. Preferably, the catal yst deactivator also reduces the rate of

AA generat i on UPOITHEBRMIdMerfrhér Ao EShtainks\LodtQysttfoachPatBd By L\@talyst

case to lower the contribution of AA generation on AA levels "in a

nol ded article, s¢&acHateripmgast scomuoand wiecivedoms leaslpaitially daaetjvate
and nore prefera [ i A

| east 0.72 dL/g ?ﬁ/naflﬁ'@g@e%%‘t%@f&ﬁ?tc%aﬁ}ggéy%gﬁﬁyrrrlg(r:cl?rgg@_ﬁ%c}n/r.s #fr?gﬁ\t'e o
cat al yst deact i vatabtesss paiidiyideadtivaigithe cwgtalyst systemerisemioy iié adtition aga

(e, pol vrer el Reiides, SR Sol BuArHo it BT b o

system woul d ot hgi\mfnsleveiamaéryemérh? botinyetheirate offsolid-etating einydeactual

2;3?3; sg;ts alp;gz;a R%}p'fal?ﬂtiﬁhpq%aﬁ%h%g?srredgg&} lle Ellti%% té ?heagaerhg lpgﬁmedr%vithout the
deactivator ("no additive case") and/or b) when added earlier, the rate of
melt-phase polycondensation under actual operating conditions to a
constant It.V. target is reduced, that is, it takes more time to reach the
V. target, orthe It.V. of the polymer is reduced at constant time
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 atticle, such as a preform, relative to a no additive case, and
more preferably upon melting particles having an IL.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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23 WO 2007/ 035256 PCT/ US2006/ 034616 nore AA precursors and their
subsequent conversion to AA. Left untreated, the polynmer would have

a hi gh acetwbde#ydesgeneration rate during extrusion orpdmsg%}ogkm
nol di ng, thereby contributing to an increase in the AAlevels In

articles made fromthe nelt. The stabilizer or deactivator can also
help thernally stabilize the polynmer nelt near the end of nelt phase
pol ycondensation and during remelting which occurs, for exanple,
during nmelt processing into articles, without which nore reactions

woul d occur to cl emore M@r@mrmrandhﬁeam%bel’elq%lhﬁt t{brﬂbh&bﬁ’ﬂiﬁﬁiﬁeﬁﬁeu
f cursors and ultjimate no
20t on o over WEERRsh Ao RS APaicE e o resiRdede geasrtonyae
stabilizer or deacduringtextrusiy drifjesion ﬁ]&ﬁm@’ ﬂ{e%w Cﬁ’ltﬁﬁdﬂﬁlg tbtaYy iRErehbE

pol ymer. Any side rgactlon at least partially cata

pol ycondensati on c8 %Tﬁ‘étfe‘é%;%t”eﬁﬁ'#ﬁ‘? "giel fearg tha m@ftpTh:YJBf@bHMhmrgt he

ol ycondensati on G b

'FI)'hey catal yst deacti vell\%/%?r %ﬁﬁlg% i ?@%gt [?Ztreh%?f#e ygﬁ%ﬁrﬁ@})ﬁ %

al umi num  conpoundido¥f rafﬁfkalnaserml)amndemaiondmdojutrmgE:dneﬂmgaﬂggﬂggg?jrgj
conpounds or al kalg,

of rch)l ycondensat i on ec uggﬂftng'}%l E%Gﬁ%}?'ﬁgfﬁ? ﬁalcl:efr ﬁﬁ'tﬁ?ﬁjﬁzw ehimgrey
of the nmetal cat ategcsttcmsawcwlmem to bleav@ ﬁt&p@l?m@ﬂbh&ﬂwﬁﬁﬁé&ﬁgr@ﬁwsb&w
shoul d be noted, t}at not _al es or fornms of phosphorus

conpounds are deé‘&@ﬁgpﬂp fo %‘&f"ﬂfﬂqrﬁé\f\ éle@“WSfS a@%@mﬁ@y mpre AA. In

desired, be added aabitiog tmﬂctv&hrrnlgethgadrmavéh réte @Mﬂ%cﬁﬁwaﬁ& Fhepf
pol ycondensat I on. ﬁf‘%@l t ab deacti vati ng corrpounds are prefer

y
phosphor us cont ai zetg %%H'éf@torﬂ?é”ﬁlﬁ’&‘fﬁ%9 d@&ﬁ;@@m&mm@.n
one or nore phosrpbw Ahpgiae rEé&foﬁraﬁ?éésﬁpsgia ERERLE] biRSt €S

aci di ¢ phosphorus onpounds or their este vatr'ves, and anm ne
salts o1|‘o acidic Bﬁ%ﬂ'ﬁ@ﬁﬂf@ﬂ@@ﬁ@’@hﬁt siptero maubel less Af adiroblphosbém thes

conpounds have aboly%@ﬁ&er%@ﬁor%é(@ﬁ/sf’sﬁé’r}i Rs af 188t deftiarfdeatffiied Fhe

phosphorus atom
cata!yst deactivator is not added along with the addition of aluminum

compounds or alkali metal compounds or alkaline earth metal
compounds or alkali compounds, nor is it added at the commencement
of polycondensation because it would inhibit the catalytic activity of the
metal catalysts and hence, the rate of polycondensation. It should be
noted, however, that not all types or forms of phosphorus 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
caompounds 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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[ - hydr oxyl or
doubl e-bonded to oxygen and single-bonded to at |east one
OH group. The nunber of acidic groups increases as the nunber of 24

WO 2007/ 03550 fBs1d52006/ 034616  hydroxyl groups, boundpdfudRiozacis
phosphor us ator%that i s doubl e-bonded to oxygen, increases. ngem I C

. . d
exanpl es of phosphorus conpounds include phosphoric acid,
pyrgghosphoric acid, phosphorous acid, polyphosphoric acid,

car boxyphosphoni ¢ aci ds, al kyl phosphoni c acids, phosphonic acid
derivatives, and each of their acidic salts and acidic esters and

derivatives, inclubydrgxdgralips, bbasbloahe pRessHPuS Hiokh tPs'%H;illl@-BS ded to

nono- and di - eswé@g?eﬂd' non-gm di c phosphate esters e.hgi p ?ﬂoﬁf eI

tri- esters) such n’é‘FWP Phosphat e, triet hKI . Ehoslp a ﬁbs oy y

phosphate, tributoxyethyl phosphate, tris(2- ethyihexyl) E ° Ip ,

ol i goneri c phosphate tri -e?‘t ers, tr! OCt%”hnggZpgﬁilgbl t:)lhgsgh)a/lt .
hosphate, tritolyl osphat e, ris)e C 2,

!to ri et hyl phosphon%%%‘gﬁ]cd‘?’%zmé‘?sf&ﬂﬂﬂ& !Jﬁyﬁpnmégﬁhm@ht@,;:hﬁs_phg?ce .?gld,o f

Lotral Sopropyl | MaRIbGHNRIASHRLRorgIB BB, plvohoditheb b

phosphoric acid wth ethylene glycol, di ethylen grycot, oo o

2- et hyl hexanol , orc%?%yﬁh‘é@r@ﬂlc Mmalkﬂphespfmmcgpt;??, ph;xrsgheﬁc acid

phosphat ¢ compounde Shsspiny Sae ot Ger BB a8 B peidls roary enc
osphat e conpounds, pr . ) DO , _

Bhosghor us conpouridsivatives, Iacletdpilgao:::habhtysmtelib?t@lrs @cﬁé&sﬁlﬁaﬁéggg}‘g [ mono-

"o sol Uti ons of parti e ARG bpihale edisrle g iceat ierior

I n - - - - -

the lack of sol ubiesters) suchlastiimethysphosphbid, Yricthyidhodgiitb! #¥Buly t he

PR S R S ————

whi ch may be adde_dngmmémqudslpaa@rfjﬁr@ter§,a&ibétgf§hccﬂ«,fbhgfe‘f E@%ﬁ%ﬁggw,

compounds. - The a rﬂﬁlizlr F%ngiﬁféﬁé}l@ﬁw%j@ g?;c%l phos’phatg, triethy!

ol i goneric, or po ,
phosphonoacetate, dimethyl methyl phosphonate, tetraisopropyl
fnethylenediphosphonate, mono-, di-, and tri-esters of phosphoric acid
with ethylene glycol, diethylene glycol, or 2-ethylhexanol, or mixtures of
each. Other examples include distearylpentaerythritol diphosphite,
mono- and di-hydrogen phosphate compounds, phosphite 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
indicaﬂon of the lack of solubility or limited solubility of an additive in the

polymer melt. Soluble additives are more likely to deactivate/stabilize the
batalyst 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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selected so as to mnimze haze and/or maxi m ze solubility when these
are issues. The organic constituents of the am ne may in-principle be

25 WO 2007/ Gd>36ms3BEs/ US2006/ 034616 any organi ¢ group. mﬁbﬂs(ﬁﬂs‘k
rel at ed conmpounds |i ke anmoni um hydroxi de are suitable. Suita (e

organi c groups on the am ne include |inear and branched al kyl,

cycl oal kyl, aryl, aral kyl, alkaryl, heteroaryl, etc. Each of these
types of organic groups may be substituted or unsubstituted, i.e.
wi th hydroxy, carboxy, alkoxy, halo, and I|ike groups. The organic
groups may al so cBWMABANIcrdignatemdnit and eddted corpduhdd B! BSfnoniy

| i nkages, as well T er, sul foxide, sulfone, epoxy, an
the like. This |i s@{%‘??ﬁsﬁuﬁ%blﬁw and not limting. Preferred

am nes are cyclic amnes having a 5 to 7 nenbered ring, preferably a
si x nmenbered ri ng.SulthE e ri n.gs may constitute a single "nonomeric"
species, or may b& PAPY YPAUT|GERYs o the@ie ineludellipearand Brasthed atkyl,

cyclic anines ar e chtlodikyiednamaags, W | cgrpou
substituted at rin osiwt?i Qﬁs ag?aﬂlﬁf Eggéﬁ%é}?l?%g&nﬁgfﬁéjg?fhesﬁﬁypﬁﬁﬁﬁ
nitrogen itself rrﬁgg 'S grapssBy ther swhslifuted or unpubstityled, aeywith hydroxy,

aral kyl , al karyl , capash/0 e _hi nder am nes may al so
conprise a porti 6n-of Qy'aﬁmg)lhf' S%Q%P%\ncd irl;lgel g%"pgr ﬁg‘? VREANIC GRS fhay also

ﬁ\not her type of _pP@'Tﬂéinr @Ql’bgmﬁgﬁ,elsetw?ihaand thiobther linkadea, asivitl M Shide
econposi tion poi gg - oLymerizatjon tenperatures are
especial ly preferr e%r'aéi'wgklﬁ-g’eﬁﬁ tnfgb XYy F‘Ha t%f Bh%n%lﬁﬂéﬁ* i flugtigtive and

m xture thereof, Nedimitingg racemi ¢ mi xtures, may be used. The ami ne

group and the carboxylic acid group do not have to be attached to the
sanme carbon. The am no acids may be al pha, beta or gamm.

Substituted ani noPmférdsd meyindke aks eJelio™iniHes sy W Ehi.s L ubj Lity
in water are especrj fal ll%’l pr ef erred%gs this §| I ngg ﬁ]ghtgy?]méag]%gp Nge
salt to be done RR&Y'¥%r2 SkHREMbSredingotheseqings mmyatoristiiute gasingie

conpounds) . monomeric” species, or may be part of a larger oligomer or polymer.

Preferred cyclic amines are hindered amines which have organic groups
substituted at ring positions adjacent to the ring nitrogen. 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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26 WD 2007/ 035256 PCT/ US2006/ 034616 Suitable am nes contain at | east
one nitrogen capable of salt formation wth a phosphorus-contai ning
acid. In hi gRefefhsassknes containing N al kylated piperidp®ybeniensisis
noi eties, for exanple, salt formation may involve the piperi (ql nyi‘ '
nitrogen, generating species such as (but not Iimted to): O 11 | H3C
HOP-OH H3C NCH3 HH3C + CH3 M Wen there is one nitrogen in the
am ne conpound that can forma salt, one nole of :
phosphorus-containing acid is used per nole of am ne conpound. Wen

there are two or [s | ﬁ‘lg.g%n i i n
formsalts, two o@r%%rtjig%ro es %@%@%& I%ia‘:"ttn ga}umgtg%en %%é%ﬂ%l%i S%P%é\rrﬁ?%@n
conpound, up to arWihaupitosphoeusiebntaihing hacid.edn dindesed tasnihas icogtanting N-

remai ni ng neutrali i: wROreslight|y in excess of this,
amount. The car box@@%@ggléé@ﬁ@ﬂd“@?tlé%efggﬁix%@p&tiS ﬁo%@ﬂgg'% Mgy involve
possibility that théaeipeniding! progemmentrating spatics Bughs BsutrRAGiREd it 0
the polyester chain. Reaction into the polyester chain should result
inless volatility and less extractability. Reaﬁtion into the

pol yester chain can also be acconplished if thejam ne portion of the
salt contains a hydroxyl and/oiH;Ca caHboxyl gOsup—OH there is only 1
car boxyl or hydroxyl group, S C ﬁl d function as an
end-capper. If.there are at fiore reactive groups
(carboxyl or hydroxyl), the Hst m'a“y Hal ways be at thev)end of the
chain. Reaction into the polyest ain 1s also possible for the
phosphorus-contai ning portion of tHe salt. For exanple, phosphoric
acid can react with hydroxyl compounds to form phosphate esters. The
chain end of polyesters is often a hydroxyethyl end group. Phosphoric

When there is one nitrogen in the amine compound that can form a salt,

one mole of phosphorus-containing acid is used per mole of amine
compound. When there are two or more nitrogen atoms in the amine
compound that can form salts, two or more moles of acid can be used
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 possibiiity that
the amine portion of the sait 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 aiso be
accomplished if the amine portion of the salt contains a hydroxyl and/or
a carboxyl group. If there is only 1 carboxy! or hydroxy! 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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27 WD 2007/ 035256 PCT/ US2006/ 034616 acid can also react in the
m ddl e of a polyester chain. The precursor to the phosphorus noiety

.of the phosplaonhisissakt my be any oxyaci d of phosphorusPd'd.lr)ﬁéZH‘g’jmg&m
but not limted to hypophosphorous acid, phosphorous acid,
phosphoric acid, polyphosophoric acid, polyphosphorous acids,

pyr ophosphoric acid, phosphinic acids, phosphonic acids, phosphate
nonoest ers, phosphate diesters, phosphonate nonoesters,

pyr ophosphat e non ters rophosphate diesters, pyrophosphate
triesters, or sal tggﬁognc%ﬁtgé.ﬂ’?g@ taﬁi”@ﬁdlgtqfalpowatercahimeast one
aci di c hydrogen, etc. The hydrogen on any OH group bound directly to
the P=O group is f.?.ﬁl di c. CorEpounds with nore than one acidic

rig

hydrogen may have m‘rj@f%ﬂ fﬁ%ipbpwhw?s Ogist3 of o bhédrRfus Wit Fray be
organi c groups sugfiy & hefd ryl, etc., Dy
pol yether ol gorrer‘s,%ol yesF% er bﬁﬁ“ﬁ?ﬁ’@(ﬁg EPE’.’OQ ifesterhypephosphorous
sal t-forning aci dfeid, h@’msﬁbémuﬁusicid,elmbsphdmy%,. %ﬁﬁ?gﬁltﬁrf .
phosphorus with %@YMOSPWOESW%{@%G” bow_&% glr[ ectly tx e” .:8_ g?ﬁﬁ’p
may have one or %e ho_ these od¥FPOEBReNG ueeld, wirhiosphigani acids,
groups such as alkipsphamigl acids, al fhdsphatek agph . of,. t hese
conpounds i ncl Ud?%ﬁéh&ﬁe not lim tgd to al k??%h%ép%%gghg%i ddiesters,
al kyl phosphi ni ¢ rdCI AI° HPAPSEIS BN B¥NAsRhake | rdsnoctens tﬁyrdpmbsphate
am nes, the orgarliestenspppephBapHate tridhsd | ~.L.n_one enbodi nent,
the salts are pr %26}%6(‘! by the reaction éo'fc;rt)é'rrsi@gc':))|r COW@PH"&%i“&"E!" still bear
phospho(rjus- co?t faim’_ i g@;:g#pﬁﬁﬂﬂ%mﬁi@a?@n@tcor Ther leydpogére onoé?@@lg %roup'
conpounds cont ai oo ERO RN theBe osphorus- containin
conpounds are preferaply t"]s%'gl ect ed ??%@1”%2%‘5@% RIS wie more than
formul as: 28 WO 389 ALYESRSEOgRIMEE ha06 bAB 46 hifbre Gcidic hydrogens substituted
with organic groups such as alkyl, aryl, aralkyl, alkaryl, etc., by polyether
oligomers, polyester oligomers, etc. At least one salt-forming acidic
hydrogen must remain, however. Oxyacids of phosphorus with one or
mare hydrogen 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
fimited to alkylphosphonic_ 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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I (1) R OP-H 0 | RO, H (2 RROP-HR-OPO0OO0O R R O
(3) R--OEIPOtH O I R2 OPFOCKO PO (4) x\0 O\X ~0 0 (5)
HO P\ X 1 Ryghozesyherein R1 and R2 are independently

from hydr ogen, C’@-CZZ- al kyl , substituted Cl-C22-al kyl, P&%ﬁﬁéﬁﬁ’g‘mm
C3-C8-cycl oal kyl, substituted C3-Ce- cycloal kyl, heteroaryl, and
aryl; nis 2 to 500; and X is selected from hydrogen and hydroxy; 29
WO 2007/ 035256 PCT/ US2006/ 034616 and wherein the basic organic ,
conpounds containing nitrogen are preferably selected from conpounds

havi ng the fornul as:

(1) R~-O—pP—O0H

A—O~T=0

] /OH
@  R—O—F-H R—0-P

i ?

R2 R2

0 0,
6) HO-P_ X  P-OH
o) 0

wherein

R{ and Ry are independently selected from hydrogen, C-Cap-
alkyl, substituted C4-Capalkyl, Csz-Cs-cycloalkyl, substituted C3-Cg-
cycioalkyl, heteroaryl, and aryl;

n is 2 to 500; and

X is selected from hydrogen and hydroxy;
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R3 (I) N RA RS RRs a0 NRa (2) 7RORa Rao RaNRa (3) RT RO O
Raa (4) Rae Ra N R2 30 WD 2007/ 035256 PCT/ US2006/ 034616 R3'~, N R4

(5) RR/0(2807/03%sPN CO2R3 R6 R6 R7 7 (7) Rio--N Y|--
Ra n R RO R R RY (8) Rao N YZ L~ YZ NRio b

and wherein the basic organic compounds containing nitrogen are

preferably selected from compounds having the formulas:

*Ta
(N
R4 RS
I?10
Re, L Fs
(2) R7 Ry
Ri1
Rio
Re N. Rs
3) R7 Ry
0
R11
X
4) - | R
R N7 R,
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e RORO RRa0O0ORa R R(9 RoNYzLi YZN-Ro RR3 eRI O 31
WO 2007/ 035256 PCT/ US2006/ 034616 10 (10) R13,L2 N, L2 Rl14

R3-- ~Ni L2~, wiy #5@r03é54) | | R4 R4 Rio Rlo R66 N ~Ra Rs NoBoysahicibdd
7 R R o) LN TN D RN 3 RARN R0 R o CRURERE

Ra Ra RO R7/Ro (13) " Nr-N-L1 NJZ NYNR3INRA Rol io RS NRa R6 N
RS .

Rs\ -
Ry ON
N

R,
N
R2
AN
®) l > CO,R,
R1

R
Ryt Re
(7 Rg—N Y Li-Y; N-Ryo
' R
R 8
5 R,

9)
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R-R9 R7 Rs (14) R+
PCTI US2006/ 034616 ~ R
Rs N Ra RS1NOR§WMBQB§ R7Rs (16) -~ (NI-NL1 N NYN Y2 R

Ri o
NI,

Rlo 110
NY2 RR7

R6

0 NL10 N JZ
IR16 15 ( ) >-[-

(CHZ)ni ' N ml R2

NRa R6 NRa OPRK R7Rs (17) --~-(N~ N
s RRNR6 RO
Rig
(10) R & R
- 14
13 Lz// \.Lz/
RS\N/Lz‘\N/R3
(11) J |
R4 Ry
1?“% ?10
'ge N Fg R N Rs
R
(12) wg 7 Rg
T/N\ N L N ]
R N
M
R{R,
T“O _ !Tw
RRG NR; Rex N Rs
9 RT Rg
13 6
(13) [quﬁ N——L;—N—15
jNé
RR,
[Tw Ffm
Rs NRé Re NRs
RwB R7 R
(14) r N. O O ’
S——N——L——N—]
A Nz
M
R{R
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Rio RoRs NRa R6 NRa OR9 RGJRO (18) *NNNLLN Y Y2 RR7 s N
Ra Rl s R o 33 WD 2007/ 035256 PCT/US2006/ 034616 RO RR 10 Ra Ra Ra
N Ra CORs RaBsondd@®ssNN NL_ N Y Y2 RO- RB | Ra Rvo R&p&iuddihcis
(200 RONLz Y1 L2 G OR2 Rs Ra z 34 WD 2007/ 035256 Shhelosscts
PCT/ US2006/ 034616 wherein Rl and R2 are independently selected from
hydr ogen, Cl-C22-

R\1 ﬁ216
(15) N (CH N R,
Rys
l‘?‘IDR R'ID

Y
Y,
RQQRT
Ry | Rg
Ria
F]{m 10
R N RB RG N Rs
RT)L;RS R)LJRQ
N O N
(17) NN 1 1z
Y
Yo
R97(I\T'<R7
R§ | Re
Rig
Rio Rio
Ry N Ra Ren N e
R R R R
. l’ ,N w ° w]g
(18) NN N L—N—7
Y/
Y,
Rg;Nj(R?
Rs | Re
Rio
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al kyl, substituted Cl-C22-al kyl, C3-C8-cycl oal kyl, substituted C3-CB-
cycl oal kyl, heteroaryl, and aryl; Each of the follow ng types of
organi c gr owpSoffgsRe substituted or wunsubstituted, i '§’C1WJ§2R’!6/0346]6
hydr oxy, carboxy, al koxy, halo, and/or |ike groups, and any

conbi nati on thereof. The organic groups may al so contain carbonate,
keto, ether, and thioether |inkages, as well as am de, ester,

sul foxi de, sulfone, epoxy, and the like. This list is illustrative
and not limting. R3, R4, and R5 are independently selected from
hydr ogen, Cl1-C22-al kyl, substltutaa oCl- C22- @l kyl, C3-CB-cycl oal kyl,
and substituted C3-C8- cycloalk¥4 e| pr € %rably, at | east one of
R3, R4, and R5 is a substituent's gogen; however, in the
case where R3, R4, and R5 are 5$I h 5%0 nlun1hydrOX|de is
the preferred forgL R3 and oD B oIIectlver may
represent a dival %)group Rpr r| 0 ig Wit e nitrogen atomto
whi ch they are attached, e.Q.f nDrphollno pi peridino and the |ike;
R6, R7, R8, and R9 are |ndep dently sel ected from hydrogen, Cl-
C22-a|ky|, substituted - R% , C3-CB-cycl oal kyl, substituted
C3- C8- cycl oal kyl, heter | ; R10 is selected from hydrogen,

- ORB, Cl-C22-aIkyI substR uﬁ%d? - C22-al kyl, C3-C3-cycl oal kyl,
substituted C3- cycloalkyIFqul is selected from hydrogen,

Cl- C22-al kyl, substituted C1-¢22- al kyl, C3- C8 cycl oal kyl,

substituted CB Ca- cycloalkyl heteroaryl ary -Yl- R3 or a
succi ni mdo group having t for ﬁ 35 MD 2007/035256
PCT/ US2006/ 034616 0;~ z O RZ fn RI2 is sehefct ed from hydrogen,
Cl- C22-al kyl, subgpjtute
y éb 9{ —Y;—Ls— J_i, OR,
Z
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al kyl, C3-C8-cycl oal kyl, substituted C3-Ca-cycloal kyl, heteroaryl,
aryl and may be located at the 3 4 or 5 positions on the aromatic

ring; the -H#oR3I{R4ssaroup may be |ocated at the 3, 4 or el
on the pyridine ring of nitrogen conpound (5); the _mz%é‘/g%gd(%&%

groups may be |ocated at any of the 2, 3, 4, 5, 6 positions of the
pyridine ring of nitrogen conpound (6); L1 is a divalent |inking
group sel ected from C2-C22- al kyl ene; - (CH2CH2-Y1) 1-3- CHZCH2-;

C3- C8-cycl oal kyl ene; arylene; or-COL2-0OC-; L2 is selected from
Cl- C22- al kyl ene, awvly@reime, - (CHZCH2-Y1)1-3- CH2CH2- and

C3- Ce-cycl oal kyl ene; YL is ected from-0C(O-, -NHC(O-, -0-, -S,
- N( Rl)-?/ Y2 ig sel ect ?'Pfg%z Be fydeprpdently: sqtecied Hiprriydipgen, Cq-Cop-

i ndependent |y sel egitygd dubstutdd C 2 N(R2 )32 IS a L tive
integer of up to aboyﬁt 20 gor ef e@gb y lt% t(gdzg%g(\ﬁlégﬂ;kﬁ, nﬁl%)sﬁ@téél &8t
fromO0 to about 1GYCRakylshgleserivk pudanit eger sel ected from 2 to about
12; R15, and R15 are independently selected from hydrogen,
Cl- C22-al kyl, substituted Cl-C22-al kyl, C3-C8-cycl oal kyl,
substituted C3-CaFaghl@fatheylollowingt iypesry larganiy | groapsl niyd be adubAtituted or

wherein radical A ed_fr the follow ng structures: 36 WO

2007/ 035256 PCT/ uggrsjlé%%@%lge' ) TRy parROny, salkaon Balre audkes ke

_R7 R 7 _ R OB *gIrougB, Rnb dny-combibktidl therbdft Nire organid\¥Pbuds Ny 2

NYN Y2 Y2 Yz RB R RR7 R O _ _Q%ML%S%SO
contain carbonate, keto, ether, and thioether linkages, as well as amide,
ester, sulfoxide, sulfone, epoxy, and the like. This list is illustrative and
not limiting.

Rs, R4, and Rs are independently selected from hydrogen, C4-Cxp-alkyl,
substituted C1-Coo-alkyl, Cs-Cg-cycloalkyl, and substituted Cs-Cq-
cycloalkyl wherein preferably, at least one of Rs, R, and Rs is a
substituent other than hydrogen; however, in the case where Ra, Ry, and
Rs are gll hydrogen, ammonium hydroxide is the preferred form; Rs and
R4 or Ry and Rs collectively may represent a divalent group forming a
ring with the nitrogen atom to which they are attached, e.g., morpholine,
piperidino and the like;

Rs, R7, Re, and Ry are independently selected from hydrogen, Cy-
Cazo-alkyl, substituted Cy-Cop-alkyl, Ca-Ce-cycloalkyl, substituted Cs-Csg-
cycloalkyl, heteroaryl, aryl;

R1o is selected from hydrogen, -OR, C1-Caz-alkyl, substituted C;-
Ca-alkyl, Cs-Cg-cycloaikyl, substituted Ca-Cg-cycloalkyl;

Rt is selected from hydrogen, C1-Cop-alkyl, substituted C4-Cop-
alkyl, Cs-Cg-cycloalkyl, substituted Cs-Ce-cycloalkyl, heteroaryl, aryl, -Y;-
Rs or a succinimido group having the formula
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4 >~NRBIl RS RBi RR RBi Re RIORORIo Radical A structures
wherein * designates the position of attachnent. Preferably at | east

one of R15 @adodtkasdse an A radical; and wherein the ratﬂ&/ﬁgzoﬁr% 616
nunber of phosphorus atons in the aci di ¢ phosphorus- contai

conpound to the nunber of basic nitrogen atons in the basic organl C
conpound i s about 0.05 to about 2, preferably fromabout 0.25 to
about 1.1. The term "Cl-C22-al kyl" denotes a.saturated hydrocarbon
radi cal which contains one to twenty-two carbons and which may be
straight or branched- c]hal n. Such Cl1-C22 al kyl groups can be nethyl,

ethyl, propyl, butyl, ;@ent? hexyl , heptyl, octyl, isopropyl,

i sobutyl, tertbut yl, 2-ethy|hepty|, 2-et hyl hexyl, and the
like. The term "substhtufed Cl-C22- al kyl" refers to Cl-C22-al kyl

radi cal s as descri bed abave which may be substituted with one or
nmore substituents sel ectBd from hydroxy, carboxy, hal ogen, cyano,
aryl, heteroaryl, C3-C8-cycloal kyl, substituted C3-C8-cycloalkyl,
Cl-CB-aIkoxy, C2-@@eﬁﬂkanoyloxy and the |ike. The term

il e L M Sy, AR
"substituted C3-Cslkgly tycddalky, substituited ¢§-$Igrd |

37 WD 2007/ 035256 ggqg, 0 e di cal as oRaRlIdoRKA a3l st
cont ai ni ng at Iea one é&%@ﬁ g&%gtgﬁp?wﬁt@@nth@@r@m@p fing; -

C1- C6- al koxy, hydr oxy,theaN(R3iR,) iabqoriy REcARE dt e s 123‘? 8 §5dfions on

raryl® is used tOth%epy%;[:lﬁ']earmgaofonrl]%?gée% cro?r(ljleo%%d (c)ont aining

the -CO2R; and R4 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 C,-Cop-alkylene; -
(CH2CH2-Y1)4.3-CHaCHa-: Cs-Cg-cycloalkylene; arylene; or -CO-Lx-0C-;

Lo is selected from C1-Cop-alkylene, arylene, -(CHaCH2-Y ).
CH2CH»~ and Cs-Cg-cycloalkylene;

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

Yz is selected from -O- or -N(R¢)-;

R1s and Ry, are independently selected from -0-Ry, and -N(Ra)s;

Z is a positive integer of up to about 20, preferably up to about B,

m1, is selected from 0 to about 10;

n1is a positive integer selected from 2to about 12;
R+s, and R are independently selected from hydrogen, C4-Casalkyi,
substituted C4-Cgp-alkyl, Cs-Ce-cycloalkyl, substituted Cs-Cg-cycloalkyl,

heteroaryl, aryl, and radical A wherein radical A is selected from the -
following structures:
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14 carbon atons in the conjugated aromatic ring structure and these
radicals are optionally substituted with one or nore groups sel ected
from Ca- Cowal ¥dHnssisd- C6- al koxy; phenyl, and phenyl sub A
Cl- C6- al kyl; G -C6-al koxy; C3-C8-cycl oal kyl ; hal ogen; Sgd#’%%ﬁ%m%&p
carboxy, cyano, trifluoronmethyl and the i ke. Typi cal aryl groups

i ncl ude phenyl, naphthyl, phenyl naphthyl, anthryl (anthracenyl) and
the like. The term"heteroaryl"” is used to describe conjugated
cyclic radicals containing at | east one hetero atom selected from
sul fur, oxygen, nitrogen or Fa conbination ofR,these in conbin IOOI’I

with fromtwo to about taggzaj(ﬂaon atoms amd Lh se heteroanyl A R,

radi cal s substituted wt hel'gr oups ment,:! bove as p
substituents on theg af\l cal Txpl al ’ ®aryl radica 8

i nclude: 2-and 3-furylS2—and 3-t hiepl Yand 3- pyww 3.,
and 4- pyridyl, ben ophef- 2- yl ; mot hi aZol - 2-ylI,

benzoxazol - 2- yI ben |m dazol - 2- yI 1 3, 4-oxadi azol -yI 1, 3,
4-t hi adi azol - 4- thi adi azol -5 "y i sot hi azoI I 5

i m dazol - 2-yl, quﬁfﬁlmnd the |ike, e{ terns "Ci ny and
" C2- C6- al kanoyl OX Y- epused to rep t he grou L C6- al kyl
and - OCOC1- C6- al kyi5 Pes"pectl vely, W’nelr " Cl- C6- Qpﬁlkyl " Rdenotes a

sat urat ed hydrocar bonRthat contains 1-B °car bon atons, \M;Uch may be
strai ght or branched-chain, and which may be further substituted

Wi th one or nore groups se fr.om hal oge t hoxy, ethox ’
phenyl, hydroxy, gar ngy, Lé%@h?f&(?f %Weﬁ "%ﬁﬁ@'ﬁyﬁ??gngfﬁﬁéh?@qﬁmon of
"hal ogen" is usedttechmept.esent fluorine, chlorine, bromne, and :

i odi ne; however, chlorine and brom ne are preferred. The term
" C2-C2z-al kyl ene” is used to.denote a divalent hydrocarbon radical

that contains fr @refengbil @t joPbyat
2007/ 035256 PCTI U82006/ S(534616 s?r%%?hgﬁa r%r%gh%é@ %'?%xgﬁ@‘%(}%% %D

may be substi t ut s8N Hhenreper abphosphesys talens Snstbkeeatidit bhmphorus—
hydroxy, car boxy,cohﬁlnqg%eg gﬁ:w‘ﬁffo ﬂ],leWbel‘%%bgglC%ll %l HoBYinFhd basic

aryl. The term " C3-C8-cycl ene
organic compound is about O 05 to about 2, preferably from about 0.25

to about 1.1,

The term "C4-Cp-alkyl" denotes a saturated hydrocarbon radical which
contains one fo twenty-two carbons and which may be straight or
branched-chain. Such C-Cz; 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 C1-Cop-
alkyl" refers to C4-Cop-alkyl radicals as described above which may be
substituted with one or more substituents selected from hydroxy,
carboxy, halogen, cyano, aryl, heteroaryl, Ca-Cg-cycloalkyl, substituted
Cs-Cg-cycloalkyl, Ci-Cs-alkoxy, Ca-Cs alkanoyloxy and the like.

The term "Csz-Cgcycloalkyl” is used to denote a cycloaliphatic
hydrocarbon radical containing three to eight carbon atoms. The term
“substituted Ca-Cg-cycloalkyl” is used to describe a C3-Cg-cycloalkyl
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used to denote divalent cycloaliphatic radicals containing three to

ei ght carbon atons and these are optionally substituted wth one or
nore Cl- Cewddynsgfseups. The term"arylene"” is used to -
1,3-, and Y,ﬁ4- pr';enylgene radical s and these optionally Sﬁtglgﬁzﬁmlngﬁm
with Cl-C6- alkyl, G -Ce-al koxy and hal ogen. Preferred hindered

am nes contain al kyl -substituted piperidinyl noieties and/or
triazine noieties, nore preferably hindered am nes where at | east

one amine group is substituted by both a triazine noiety and an

al kyl - substit ut edagicplersi dbtaltedﬂbcma)coniamm@et ast ory goapreetbdiedeefed,-

am nes, amnogr a tlesaellnedb al kyl ene
group, preferably al%ﬁ%b H%F(gﬂ-ﬁ' ho&é "'Ialr(%‘?l@l‘/‘f‘%r}ﬁ' ke.
preferably from4 10, and nost preferably 6 or 8. The nost preferred

hi ndered am ne |sT Q/asor,irg/“ cont ai ni ngcre_eat units of the
formila: CH CH3 'HE s uged Bcdincies ra @ligopRitRg 6, 10y

N (CH2) s- N~ (21). 14Ndrbdh Gasind he tﬁ@'cbnﬂbafe@ea p&'&?e Y f8se
prepared by bringing together the acid orus- ai ni ng
conpound and t he ¢als are ewrfipsally §@bﬁfl§ltﬁd a:mrnorecgrpumdelected from

manner A Su tabl Sl e ass oY ?f"%?rq"?%ﬁ@o%éﬁf%cﬂ i S
the acidic phosphéwhﬁhfﬁﬁ-@ikwm@ad@-@mawyl t halobais;i teydomga aeh x9N PR
compound and e BaBRbyEEIRe e ot Rif Vi eBHBsRavEhaPRL
ammoni um hydr oxi dphemyndpdhtivil mhnye(iantma@erm)cmrd tﬁefhke The term "heteroary}"
is used to describe conjugated cydlic radicals containing at least one
hetero atom selected from sulfur, oxygen, nitrogen or a combination of
these in combination with from two to about ten carbon atoms 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 "C4-Cg-alkoxy" and "Cz-Cs—alkanoyloxyr" are used to represent
the groups -O-C4-Cgs-alkyl and -OCOC-Ce-alkyl, respectively, wherein
"C4-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 propionyloxy.
The term "halogen" is used fo represent fluorine, chlorine, bromine, and
iodine; however, chiorine and bromine are preferred.

The term "Co-Cz-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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solvents and the solutions m xed foll owed by precipitation of the
reaction product; mxing the phosphorus-containing acid and the

basi ¢ or ganwg 2e&maRp@knd or ammoni um hydroxi de wi thout sgf 2 6%9&16
the like. The ratio of the number of acidic groups in the aC|d(}c
phosphorus conpound to the nunber of basic nitrogen atons in the
basi ¢ organic conpound or ammoni um hydroxi de may be in the range of
about 0.05 to about 2, preferably fromabout 0.25 to about 1I.1I.
Conposi tions that ' in.alar excess of unreacted acidic
phosphor us corrpou?lth%@ﬁr%@} Bfaé’gh?‘fl g‘i?‘ﬁ'”cﬁ'f'ﬁ’ Sdviah mety e subsktulalitiesHe or
during pol yester menefambstiuents e6lB6RA! Fidkhe EFH;% agture (if any) or

pr ef or m manuf act uél?c') 8382?8 tge cat al yst F'énysh em%'s%%}h%yt H@I‘?Q%én‘?i“@n'
can be so easily At Fe s-Bl&RROIWPKY and Yl vihe termphOsheyasalkylene” is
conpounds previ ousded fooduibid A factive with antinony

catal yzed systens guch as the ftﬂtﬁgg?@{hgﬁgfrag'ﬁ@?WE*%’WBQ&\!@?U@ eight
conpounds, 1ike pHoRphatans and thesesre optiomally B stitusROwitR otngeorgﬂb%nér_
S

melt and process ®fakiAey Nty reogver,,. phosphorus conpoun
found to cause an incgggasgy$nTﬁgggr%@wqe%t'ﬁﬁgﬁﬁ eadenaje dd2s yis3-e mmg

such as phosphor dus-Phenvienareadidats ase thesa HpeoSaRIbYAL R ‘)()/lt% |E3I1In(25(r_9 alkyl

catal yst system @f _&h invention wthout acting
t he haze due to rédu%@#{g%f%}?é\alﬁ%‘?%l, which, in the case of antinony

catal yzed systens, inparts a gray or black color to the polyester.

The quantity of rus, conpound or other catalyst deactivator
used in this pr?gée%g{e]ﬁg"w EMyiRsocortain clktHsabstituted piperidiny! moieties

anount - of - AA- genend/oe thakpemoibfed P . PCTI US2006/ 034616
remel ting the polymer .produced in ﬁ%ﬁé‘%ﬁﬁﬁ@&ew Hamnes whefe @t least

fully deactivat Py HHe® 5 i supstisited, by ot attiezinemhbiRat b Al alRg d
(1) alum num atsuBstianed GideridfleKakht rth netal atons or al kali
metal atons or al kalii C(([))ir?pe})lgﬁ?lg ‘?’égeﬁgui@.th%ﬁéo ﬁé@c%fregfhlmerg?ér@nhmasd
upon renel ting t#HANC gipieontaininganedetibepansSinkBd t b £0d3MsEne group

application and gbtahi04 (Idsﬁr)n group where n is from 2 to 12, preferably from 4-10

and most preferably 6 or 8. The most preferred hindered amine is
Cyasorb® UV-3529, containing repeat units of the formula:

(CHy)s N ] 1),

The salt of the amine component may be prepared by bringing together
the acidic phosphorus-containing compound and the basic nitrogen-
| contam!ng grgarjicﬁﬂcqmgqunq or ammonium hydroxide in a suitable
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particul ar beverage brand owner involved. Preforns used to nmake water
bottl es often have | ower AA specifications than preforns used to nmake

bottl es foryweahbansked soft drinks (CSD). For exanple, t
acceptable level of AAin CSD preforns may be about 8 pp]ln-tf”%?‘k@gﬁ%

maxi num acceptable | evel of AA in sonme water preforns may be about 3
ppm Preforns intended for use in both CSD and water markets, dual -
use preforns, often have AA specifications simlar to preforns used
solely in the water market. The quantity of phosphorus conpound or

ot her catal yst dedBafRgit of awdabledupemelsiscanyt precedureethat mvbives contacting

ol yester, which end- a i cati on and/ or beverage
Br a%d owner i nvoIte%%.eﬂgggj%e%fg%sé%tﬁé%ﬁc@ewgﬁ tib%@?ﬁ'ﬁcﬂ'r g_nie &paPofiRd
PET will be highear Bowmavitrer hydrakith. - uForaprimeil | @8BS de .
applications. Si n%gﬂ{a%e addi ti-on, of éat Ii?é,ryﬁt _dgacti vat oim(gaélmf:s use S

m a

It.V. loss, the 19 affBTRPURY  g8dc (e abasic pplttagsnecantajoing meganic

added to achieve tchmpotad gat sermdhikrRvieldrdbdd MRapPdkt dE86vad 9h bropriate
application. If the deactivator is corrosive, the mninuma unct) (Sa'ft
deactivator possi 5P¥eREANINESohtigas mixes tollewed by precipitatigntad theweaction

| evel in the part pk i } [Waly i ion is taken .
for the cunul ati vg dg#gﬁnftaixgg]gﬁ%b%ﬁ&ﬁiﬂ]t&ﬁg ch(ﬁ Eazt'iq:di {rﬂ‘g é%si,l?ﬁ?gamc
metal s, and any off@POdRd ar grmanium hydoxisearithcub solkentirehd the Mtee rati o
of the nol es of phosphorus to the total noles of alum num and '

al kaline earth netal and/or alkali netal (P:M MR where Mis deened to

be the sum of theThelwgoosf theumumiy dfhacidiol goupé ial thel beigicephdsphorus
netals, if prese e es  of kali .netals, if present, and.
where MR stands fgémﬁgl?" e& lrfbaﬁggbu@ebﬁb?%lr&}tr%qe”l 3eats . thebasi ogganic
|l east 0.3:1, or atompeast oarhmbnimn hgdirokigleshaPbd inliheTandd of 88&it dlod-o
and up to about 5,1 q mre 437 VO ?’:%%Z/ 035256 PCT/ US2006/ 034616

preferably up to A2 Preverably P ARpuy 0.2 tqugbput 1.18: Composifjpnsdthat
1.5:1. Excessi vetonthinrprrghanddssi @unpdadiPashrr '

be avoided to mnimze thgew_l 0SS in polaym?r Itgvﬁgggﬁﬁgﬁﬂﬁ%ﬂagﬂay
t he result in corrosion of process equipment during polyester manufacture,

concentrate manufacture (if any) or preform manufacture.

Since the catalyst system used in the invention can be so easily at least
partially deactivated, phospherus compounds previously found to be less
effective with antimony catalyzed systems, such as the full esters of
acidic phosphorus compounds, like phosphate 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 effectivefto,reducerthe‘amount—of—AAfgenerated'upon'
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d range for
the polyester nelt. The preferred r _
gh(l\)ﬂs;ﬁ/goirgsocgrr?gug.d; OCorrpognd}s/ of netals other than alum num al kal i

' | th phosphgr 06/034616
d albkad ssearth metals also react wtl 20 .
(r:ﬁg?rgl)angg. ‘I%f, iiglda‘zz(:j’(ﬁji tion to conpounds of alum num alka R

and/or alkaline earth nmetals, other netal conpoundsfthﬁgsrﬁgfbsmnth
phosphorus conpounds are present, then the anDuEtto epuirgd r
conpound added late is desirably in excess of that req

[ : t hat the phosphorus conpounds
achi eve the target, 2 to ensure t}
react or comnbine w&ﬂﬁlﬁgMH%Rf?M?T RedHeRGINGhe malaphaselby rEmthilyedr fully

enbodi ment of t hedeantivatingihe mﬁi@é&tgﬁﬁgf{th%w fiofg sgﬁiné)' Fminug

ggn:) S.Im nsofl ur BB%@@%@%@%‘;&EM \eegErih et alores ghalker niefmlamhﬁ%g%nﬁcglii
: | earth nmetal and

pol yner, and the @mhpzbuﬁcﬁﬂeé@gl@é. Fid arﬂb{f@t ndg'}ﬁgerwrg\{%pﬁjpgnrrgﬁ-@gjwthat

f m num a :
051 fo 6 1, or ENY Biesated dgpopda ondhdioe8 oAt g oo Oy 3RS
(om0 11 10 S parbbulh Bhvkrd G cBheO SR b ooy L BrCTenabiy.
Enb "It lh?/ﬁsrht or gchy%ﬂﬁscﬁﬁqmdjaa{sﬂbwen AA @e@iﬂ?&%@ﬁl&%ﬂgﬁfgprh{&ﬁh%ﬁrﬁb rB%,pe
it nam s <ot ENGEEROLARSH Al (ChShmrampet temaaant o
?su{n hg ease W t h aghéptablehevel oamnﬁﬁs%]gﬁﬁ%mné%@% &%ﬁ%h‘éﬁf& T

0S !
senct vetor o VP EATeb e B comeracobtondsmastiomon
e e T e
| eted only upon subs ( )

gﬁdcf [\rgr gaf ter, éﬁ%BEﬁq@f@ gEey ﬁavqhéﬁfsnmlﬁcamnﬂm&@@r%% s l'jllsgdnot

PCT/ US2006/ 0345 160lcTTH MK wefer Hfaﬁk%tﬁﬁh%ﬁ%&&ﬁéﬁ@hﬁﬁ”ﬁ?&?@qﬁﬁ@mmc ess
Bﬁ i ?nggbts'? aﬁlt ie aP gr %:/atalyst deactivator used depends on the target in the polyester,
which depends on the end-use application and/or beverage brand owner
involved. For example, the targeted phosphorus level in PET wiil be
higher for water or dual-use applications than for CSD applications,
Since late addition of catalyst deactivator can cause it.V. loss, the
minimum amount 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 metais, 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 alkaii 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 Ieast 0.7:1, or at least 1:1 » and up to about 5:1, or more
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conpl etion of the polycondensation or thereafter. In the enbodi nents
i n which the phosphorus conpounds are added in the nelt phase

pol yreri zatyghgfsdshe final anount of phosphorus is
anount of phosphorus desired in the pol yester polyner emt’?é%pﬁ%og‘le@

melt phase manufacturing process or as appearing in a pellet. |If
desired, a partial amount of phosphorus conmpound may be added early
in the nelt phase manufacturing process, such as at the initiation
of pol ycondensation, provided that a portion of phosphorus
representing t hePrafaablysmiorabous 3dddedp ke, onup fe1 8ol s &ipab 1.5:1.

pol ycondensati on e O|Id|flcatI0n as

expl ai ned furt hergge? ﬁﬁgiéen%%@ {7@7 ﬂ'&’ér?é’giﬁ%w dg §hpdid be
production rates, atfthdedm; minimize the lospﬁﬁb@lyﬁiéﬁ'}‘t\! %ohlédﬁitgwof'mét
preferably the whg}[1 ?‘che%@gg@p or us npound s added | ate to the
mel t phase manuf aBPHA ?@WWV%@@WE{T Vhe|mseferret! roageor
quantities of phopwlumms; @beo adyled, or to further mnimze the
potential It.V. loss even if noderate or optiml quantities of

phosphorus are added, it is desirable to add the phosphorus conpound

neat, that is w td)@hhboizhﬂstcsﬁﬁe@é é’cﬁéﬂﬂan%ﬂﬁﬁa% ?&agweg?,caserag%af%%"a/i

or nore phosphoric acid carrier |s use
that the carrier ‘?%ﬂhﬂ@ﬁfaé%@lsp\F%actwliatphosphmuesompbubﬁ@ak iri Beditio® ky mer

h | d
Cover ol eoul ar - v R PBRSF A bebi RS e Re S omen te iatms,
Once the nini rrumqh@lmetad)COmpeumm;ah@eummpmmﬂr@ﬁﬁbmb@unds are

AR

deact i vat i on/ st aludsirabli/iirpexcdss dﬁﬂﬁiﬁ@équﬁéﬂat&é%ieg%ggm%%&%%gzoo /M@SG

expected so that the t% can be
PCT/ US2006/ 03461&NSHR! ﬁg?‘ﬁ BMOFWWMTE%@@&@ cpmbineowitic a|!
sem - batch, or CCr@é¢t%0#§talsrﬂ?5§ént%@‘r%ﬂ?é?'e\hb&dﬂﬂerwmﬁéﬁ'lv%tig)#qﬁhe

I nvention is continuous.
polyester polymer composition contains aluminum atoms within a range

of 5 ppm to 100 ppm, or 7 to 60 ppm, or 10 ppm to 30 ppm, based on
the weight of the polyester polymer, and the molar ratio of all alkaline
earth metal and alkali metal atoms to the moles of aluminum atoms is
within a range of 0.5:1 to 6:1, or 1:1 to 5:1, or 2:1 to 4:1, and the P:M -
ratio ranges from 0.1:1 to 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 embediment, 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 palycondensation and thereafter, and preferably, the final
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In the process of the invention, polyester polyners are nmade in a
melt phase reaction conprising formng a polyester polyner nelt in

the presengg Ghr@hsgl um num conpound and an al kal i net
al kaline earth net 5? conpound or al kali conpound. At Iea%ﬁﬁ%ﬁ%@ﬁ(’ﬂ(bn

of the polycondensation reaction proceeds in the presence of the
conmbi nation of an al um num conpound, al kali netal conpound, alkaline
earth netal conpound or al kali conpound. The various ways in which
al um num conpound, the al kali netal conpound, the alkaline earth
metal  conpound oRMguehPf desied ahosphans bemaddiedishdie bt B d8He@fo the

addition, and thegj i ition are further described bel ow.
Pol yest er precur S?Pfyrniéggﬁg Aﬁp gﬁ% %ﬂfpfg'as? B‘%‘Hfae@ﬂ"m Poeass Wit sehstantial
vessel where thecéinpltiosvithe milyddndenitonpiidsgepftigcess i s conduct ed.

The esterification process proceeds by direct esterification or by
ester exchange reactions, also known as transesterification. In the

second stage of trhihersmhifodirhasie iPWAREIRe PgB%I‘FHrLiJQ&Sm oﬁﬁq%#reer%c{ [jqr‘:?ﬂe

during esterifi C_ﬁl'[&if on, i I%%olalconden'sed orma polyes
mol ecul ar  wei ght T6rMeH B ROIYPAEZatigasbY thetfinal amouateibhiasphbriste!| t
phase process tomkehat HeFhk gﬁtﬁ, : m Qof, t he
i nvention is useful in_any pﬂn%‘?%ﬂ?ﬁ?@% proc%gés'%ﬁhmigﬂgeﬂer polymer
pol yet hyl ene t er epfiineingiraelbakase mpoufaateriag placebsot hemppkhtig o Belled.
m xture of one or i ' ' |, ds referably aropmatic
di car boxyl i ¢ aci dlg @%&%E‘f‘%ﬁ”ﬁ%ﬁﬁ“ﬁ&gf:A?QSPQ?FL\?&QF“F{%@F&BW baaddete or
more diols, such ealydoie eel phbye olanutrcturingniroosesyslioh af QﬂthteQn@Btion

t

esterification r .ed at ., eratyre of between about .

200C and 300C, o P °39§%§?'551%@§ﬁ%ﬁ1'$ ARAALPIPhssPhartstepresehting

| psig up to abouhe Tifaiprnount ThaddeziSlaiaRere bhbirBe Of pb Eorﬁfer}é?tion or

2007/ 035256 PCT/ g%oog/ 0@3%{6% relaé:_t ants typical lcéf anges from

bet ween about on€ _ﬁa ?'f_ P sol igstien as\explairediuthebbealpi Toaci d( s)

's directly estemtimizepdytoltiShdatibn@nd/or production rates, the majority, or
preferably the buik, or most preferabiy the whole of the phosphorus
compound is added late to the melt phase manufacturing process.

To minimize 1t.V. loss if Iafge quantities of phosphorus 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 d ilution, such as in
the case of 85% or more phosphoric acid. If a carrier is used, it is
preferred that that the carrier is honreactive, 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 [t.V. loss are known, the melt-phase process can be carried
out such that the [t.V, made before deactivation/stabilization, is higher

by the amount of It.V. loss expected so that the target RV, can be
achieved,
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el evated pressure and at a tenperature of about 240C to about 285C
The esterification reaction is continued until a acid or ester group

conver si on ®f sa87:938t 70% is achi eved, but nore typical '
acid or ester group conversion of-at |east 85%is achi ellvéelréwt%d';ho% g

the desired oligonmeric mxture (or otherw se al so known as the
"mononer"). The resulting oligomeric mxture fornmed in the
esterification zone (which includes direct esterification and ester
exchange processe% i ncludes bis(2-hydroxyethyl)terephthal ate (BHET)
nononer, | ow nol edifmelt pigsgheadidngunesesls IDEGaten deti-batcH P Ubk FnLRES

wat er as the condgpgat i - total Ly renmoved in the

esterification zone, afﬁ%fgr%)ﬁpﬁﬁ%?h%ies@?f@gén %%Pi'? PRLINUOYE t he raw

mat erials and/ or possibly formed by catalyzed side reactions, and

ot her optionally ounds. such as  taoners and stabilizers. The

rel ative anounts @}qﬂﬁﬁé&gﬁ&\"ﬂﬁ ‘6’3%@!9“0'30@%@@' Balyers arpdngdadpameriing

on whether the prplzessrenstion chmgdding mm%igbggégt_gpp&?ﬁgg 1R b ch
and even

case the anmount of ol i OnEri & '?FEGCI es are significan
present as the nef'6FCYeyAsaluginyN gamppundanathan géalimoteker amalkiineh

. . . o ;
case the relati Veeétﬂﬁmbtélﬁoﬁiboﬁﬁg&alRé!??c?ﬁ}éé;x?}foe.sAﬂggété@ﬁﬂlﬁp%}g A

species. Water is renoved as the ester on reactl s in
order to drive thRONFIRNEAtOHTERGMY RIOCRETS indise prdepca dittescoriithtmnol

IO 2 5435 B s i e

di carboxylic acid proceeds in order 'to drive
the desired prodMRROUTH®F @éwd dohipmani offhe earous waicml wichaNdHRes t he

nmononer and ol i gk Cj [\ contjnuously in a series of

one or nore reactor 4:?0?1%?,[%1%?]-5&{%1' ngwﬁ%mp%ﬂﬁalzﬂ%eo??@bma'speci es

in the ol igoneri compounder atkali dohdoupd QﬁmlGédid'déd,otﬂéir@Pdé@f%d@ﬁ%ﬁhand
in a process for nakinhg

reactors. It is od, wever, hat [

PEN, the reacti o%%ﬁ&@hﬁse&\ﬂdﬂﬁ'%@rﬁ?gf of HesciisdiRiow.c speci es bi s

(2-hydroxyet hyl)-2,6- naphthalate and its 45 . WD 2007/ 035256

PCT/ US2006/ 03461613_, ‘

olyester precursor reactants are fed to an esterification reaction vessel

where the first stage of the melt phase process is conducted. The
esterification process proceeds by direct esterification or by ester
exchange reactions, also known as transesterification. |n the second
stage of the melt phase process, the oligomer mixture formed during
esterification 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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correspondi ng oligomers. At this stage, the It.V. is usually not
measurable or is less than 0.1 dL/g. The average degree of

pol ymer i zatyenoe@doztsae nolten oligoneric mxture is typi
than 15, and often less than 7.0. The reaction to nakecﬁrlléﬂ&hm%%m

oligoneric mxture is otherwise preferably wuncatalyzed in the direct
esterification process and additionally catalyzed in ester exchange
processes, Typical ester exchange catal ysts which may be used in an
ester exchange reaction include titanium al koxi des and dibutyl tin

dilaurate, zinc cdRpPanEdypieallygangeironheivertsabmiche angddieticugsy or

. tbi nat | . y ) .
those of 11 ¢t um or"aanl B BEarady ST eI RS widicial Jt
those of magnesi ugleyatahpressure amdyat al tampbratuesd apsLEXPE @%&%P???
catal ysts. Any ot st materials well known to those ski eé:'

t { ) )
inthe art are s %a?%?eé’% Bpryregslion IscontipyastudirBasicherrstehgrmuper |
the ester exchangenvesiohiopt RESCARH s Athid g, g@?ﬁﬁg&ﬂyﬁfgaﬁﬂr LAR M0%id or

conpounds. Titani um based catal ysts present duri
pol ycondensati on PBISEEI¥R conxgrsian efiaf lsash8s% is mehisvedio meke tige tbsired

melt nore yel | ow. o¥Hhé&rid ki L ivate.the titanium
based catal yst w tﬁ&ja stabif I??é‘fgpgt?'{a@‘lﬂge %@’(rjr%ﬁéﬁf'ﬁé%ﬁemgg?@rer' xchange
reaction and prior to conmencing polycondensation, in a nost

Phe negati ve i nf1 tonces it lEBleRE el snd e BiecaeyaificBon Ren twnioh

col ﬁr of the rr:al tInbljafiea|dthtatcfte'bstﬂjifibhﬂnr?hm@@étegéicgfarb%%d&@esﬂhg{:lﬁﬁé@r

exchange. reacti e nce of -an ed titanium contalning

conpounds. Sui tagﬁg(jé&&é?wggr?@gerggw&@'ag%Zﬁ%@e""‘@ﬁ@@?&é@% melgetlad e

zi nc conpounds, = mMesighhelfpredsOEGISnd BEcdhMbURR WSS the cgﬁ%?n%%%n
0 e

oligonmeric mxture is made to fhe desired percent conversion
acid or ester gr&yﬁgr,odﬂ?t '?cgtt‘?tﬁ'@bh%e&‘ﬁ\teé’dnﬁhﬂ)@ﬁ’fﬂﬂif@aé@n@ﬂhe,i alang withzdiner

Do 5vdensaton e ARy e R OO

actual 46 catalyzed side reactions, and other optionally added compounds such as
toners and stabilizers. The relative amounts of BHET and oligomeric
species will vary depending on whether the process is a dirsct
esterification process in which case the amount of oligomeric species
are significant and even present as the major species, 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. Methano! 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 ofigomer 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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WO 2007/ 035256 PCTI US2006/ 034616 operating tenperature than the
operating tenperature in the esterification zone, or a marked

reduction i (usual |y sub- atnospheri c) conpar e];imt/ 25(“; 34616
esterifi cat?ggh%%g%gor bot h. Typical polycondensation rea@% | oﬁ's

ccur at tenperatures ranging fromabout 260C and 300C, and at

gub- at rmspthi c pressure of between about 350 mmHg to 0.2 nm Hg. The
residence time of the reactants typically ranges from between about
2 to about 6 hours. In the polycondensation _reacthn, a significant
anount of glycol Farespsinding @wom-cﬁ?ma'rlﬂmqe,lcﬂne V. i biﬁuallghr??gelrj:oc .

r species and ' . e ar_wei - up.
gztrrg prgcesses, po y%gn %@ﬁ??%é*ﬁ%%@ﬂi‘ﬂﬁ% ;Hga!wﬁqagre Grant
continued in the pelymephation éfthanpitepeliyomesic miitor ié@%ﬁcé}@deﬁ oshed
in the melt phasgéi inishizg zone, after which the nélt 1s
i B s 28,

1 difi duct
solidified to fofm pol ymer nelt phase pro ,
generally in the formof chips, pellets, or any other shape. Each
zone nmay conprisega serjes of one or nore distinct reaction vessels

operating at diffEPefRactiomin makaihe gligomaris fﬂiﬁh’é;g%ebﬁ;@glﬁ;{mw into
action vesSgicati:-Re iAR8e af; ?e'f'ﬁé'tlfb'f:ﬁﬁ g ] q

gin?f (ra(raent condi t i_oncéEl i*\ a Isi ngl eregggctr'()'r 3 ar? 'S, (f%@ 'g?'gadéflc@ﬁ{ﬁe

stage can i nvol ve'”ﬁ%er@é‘@hfmge(ﬁféc‘éﬁseﬁonmamstemexchmﬁtal@sts which

ti ly, on I [ _.even one,or . nmor .
Feacti on st ops.or™ LBy ep ey BEa etel Bidthing ket i 1L elcxides e
The residence tiafg diputyiis ﬁrﬁur?tﬁnzmdneorhfanumirsi, ng}niggﬂgg% ﬁg@?gguﬁ%gt,%abﬁ
id ti L e .pre ZOF
[T ted. For  exansrandioup ki PhiR G Atk nikayronel GEPDUEE, or
zone represents subleabitnede dfdikliueforpoliues idenaasd earth Bo Bd9 S#gr]f

reaction tine, e t finishing zope represents the econd
of pol ycondensat }é(g&%]osecft}e}{g?ng&? calekiny faay@l§o hejused astrstercasictienge

time between the catdlysts hing ofeneatafst RREHALRLY RESIF ?%fh?)\%gés%mgﬂ@% the

: .o or _higher. A common distinction betw
S?gggl 3 rrér ;Sz;t :’ g,tqlrtzqgﬁéu%tag. In a most preferred embodiment, however, the ester

exchange reaction proceeds in the absence of titanium compounds.
Titanium based catalysts present during the polycondensation reaction
negatively impact the b* by making the melt more yellow. While it is
possible to deactivate the titanium based catalyst with a stabilizer after
completing the ester exchange reaction and prior fo commencing
pelycondensation, in a most preferred embodiment it is desirable fo
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_reactigns 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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the finishing zone in many designs is that the latter zone frequently
47 WD 2007/ 035256 PCT/ U32006/ 034616 operates at a higher

ierrperaturew@,%,g-;%;j sower pressure than the operating COI;kSJl '
the prepol yneri zatlan zone. Cenerally, each of the prepo fﬁézﬁ(ﬂsﬁ)s{&a

ynerization
and the finishing zones conprise one or a series of nore than one
reaction vessel, and the prepolynerization and finishing reactors
are sequenced in a series as part of a continuous process for the
manuf acture of the polyester polyner. In one enbodi nent, the

t enper at ure appl i eberalingtemperatmerthae tite mperaiﬁng fehpapatuyagringel t in at
| east a portion of ndensat i e.l S, greater than 2800
and up to about Zﬁg}ﬁlcﬁﬁé{ﬁ%ﬁﬁp @r%%g? ction, in &?éﬁﬁér@%ﬁfl@@-@n t he
finishing zone ar atmoemerm:v yeohtheted ek cRRAficAIRCEIEE or bbfhwef N
280C in order to av r.a agllncr ases in the rate of AA ursor
formation. The pré’ Bd?'ﬁs AR req PQ%PH‘@-”'%F@“M?*%@S vartgmgwfrommout

range of about 0. 2gbec 20dWO0H, oy at% B-ifh %ghﬁg é?%gs@érﬁﬁap@a% about

Hg. The addition of al um num compoun s an
compounds or al kat3p0 d@’ﬁb’@dﬁ@s?trmnﬂne Tinel residaaceetime af theoreartante typaag

in a variety of e um.,co und and
al kal i ne earth rrg?% ecorrpounﬁvé:e% éﬁﬁyﬁ?% %‘Eﬁ'ﬂ)ﬁlﬁﬁ nlﬁfﬁ%g’%&&%ﬁe“ﬁ?t’on
conblh nat i oln as aI lmllcttlanya signifiaemt algowfﬁ of glyasidt evolve€ dBhe E@l@dél‘lslgﬂbh Bf
earth nmetal or a and. the a um conmpounds na

conbi ned t oget herhl%n(tﬂéq%gn eﬁz?aroqpeenps aHPéjuanal s ﬁfmol%{:%awelght
with a solvent sbaid-as. et hyl ene gl ycol and added as a unitary
stream When the al um num conmpounds and al kal i ne earth netal
conpounds or al kali conpounds are stirred and heated at about 125C

and an adequate édrﬁ@@fbdéﬁé@@ p%w%sﬁ&eﬁéaﬁﬁﬁ PociBs bl face

of the m xture and out of e resulting mx ure are
usual Iy al nost c%q”ﬁﬂuégé"ﬂ’ﬁdﬂeﬁrﬁb@SQzﬂirﬁ)ﬂJﬂ@@ﬂiymﬁlzaﬂlmezwne(amm finishedirs

at some point the melt phase in a finishing zone, after which the melt is solidified to
form the polyester polymer melt phase product, generally in the form of
- Chips, pellets, or any other shape. Each zone may comprise a series of
one or more distinct reaction vessels operating at different conditions, or

the zones may 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 abaut 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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: ) i ferably at least 0.5
i ting to about 125C, which lasts pre
%r{/\?)gzgg% gggz%agpcw US2006/ 034616 hours or at 'eaS]E t1 hourxan? 20
nore than 4uhoMisissdgrending on the Li:Al MR sone 1(:)h r@tﬁ@%&?ﬁ'?’&m
Gty ol oar T cob‘l)ng to roomtenperatures while o tﬁe sse of
lurries or dispersions. In an anal ogous procedure, oeults in a
f\i trogen to keep vapors near the surface _of t he mxltured Nor e col or
solution or a dispersion or a slurgy thfgigﬁ ng;ﬁ Fgagr?o'nore col or
i t sol Yt} | UL, r _di spe .
0 The-pol yrer - 1her el & blederbodils s aver amcamcsomn ot
al'kal | motal  conpaund oc. a0 ol kol o bopr R RS R RN, Saekar
Sorpoun s s BB Bl oo comprischbcnasees
DT by, SO sl R M SOt O
| kal i tgl. or a . :
Fg; ﬁ1 gf m'axt ure, gfﬁﬁse}"%fqa@t%ﬁs Fie srauehoed t'"‘l”iesmle(?%g ﬁ%ﬂé?}c %%glnf% nee
of a gas purge, ?’*@&S?goggglm%ﬁ{%ﬁgﬂe%fatﬁ%%&mgﬁ%ﬁé'ﬁ’m%ﬂs such as
i xture .
Chr ough 25C . 11 the optional ni (rogen purge is enployed. the rate

i to formcol or
ffici gl.atiles that react .
ts)ggimeg; b;a her ef or e'ﬁaih?reg]bé)lﬁ\[ﬁgé{n&h%fer%ﬁlgﬁraz‘ﬂfﬁg?@pﬂ%@ to theapsdyrnaemetialr uf i on

colorless, that [R@pelymatmeitin gﬂ@afyterg p%mgg?,gi%r@, 0 gﬁﬁ‘ﬁ. referr eigur e
Pate Pe1Pro%s (dhsttning 2ab0hid S phaus PR06RS i amatherimmbottiatons ow

i si tqyap i iaRME r week at .room
{emper at U, For  sore M Al IR ¢ b heaoheiare Konly MRy B g L Rbrcdgnng

M = . v -
sol vents such agw%nﬁ@“ﬁogwﬁpr%ﬁggmdgamd imobydesdin by rab A

¥sor Remal f ] |, such as
i ot byl ene gl yoor oo aUeR TRE phtsslherh e fgfly Zoneismay be iter
[ I lycol , - e : |
(Zjl ie:[sgér ggiygt Kan%‘?,ran%ﬁ phahawi O fpc2§) mnoHg pivedg to @0 M. HA or 0.2 to 2 mm
pol yoxyal kyl ene gl yet her pol yol, or

The addition of aluminum compounds and alkaline earth metal
compounds or alkali compounds to the melt phase reaction may proceed
in a variety of ways. Broadly speaking, the aluminum 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 aikali 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 metaj compounds or
atkali compounds are stirred and heated at about 125°C and an
adequate nitrogen purge sweeps 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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conbi nations thereof.. O her suitable solvents which will keep the Al
and al kaline earth netal or alkali netal catalyst systemin solution

I ncl ude a b ' of ethylene glycol wth nono-basi ' |
49 WO 2007/0‘82?2%%%% US2006/ 034616 hydroxyaci ds havi ngpch{U%Mé@@?‘kgﬁ
carbon atons and a carboxylic group and hydroxyl group in the al pha
or beta position to each other through one or two carbon atons, such
as lactic acid, tartaric acid, mandelic acid or salicylic acid.
Alternatively, if the conposition precipitates upon standing at room
tenperature, it ibodesiraiisast § diokeapd hdenore Xitasr € hbots. Depehéing @attas y st

m x and/ or feed tapn nt. | ed to the nelt-phase | yest er
manuf acturing |i ngp)i‘ﬁ‘éﬁné‘!’%‘ﬁégﬂﬁm’ﬁﬂﬁ? é%&ﬂ{%p&ﬁ&ogﬁw{%’ﬁ R8Mart h
nmetal or alkali nemperatoepohiftdothegehdtimd slufiRkWridibetdions. h gRer si on

or a slurry as a unilt ary str@am rovi des the conveni ence of reducing
the nunber of addft78ACUSHRIPReEIETIE Useieinitiggeade kRepuapersdeanthel i

conpounds nay, i fsgesid sidhe Rxiadeduld A 4 SRS &4 Bisgﬁﬂskogfonﬁée)?@lrerg fhat

before, during, or after conpletion of esterificati
the esterificati off Peeecolgrad pbaye salge sz catglyst selulion, sturat oradigmsrsion

when pol ycondensagdPradtidhicse cb rmggﬁg&@érmnt, the al kaline earth

metal or al kali conpounds are added 50% conversion of.the
esterification reaction mxture In a nore preferred enbodinent, the

al kal i ne earth (R bet ween,. t he terifjcation
zone and i ncept irrgrr-\ﬁ%?ﬂ)ror?’ath%%i %gisgjo[ﬁg@g%%gﬂﬂ? ogimaht Oit?ﬁ‘:f mé{e”"%ept i on
or dﬁri ng Ipr epol Imele}l'Jria'%irug amixiSrenofeart ﬁlanﬂr}!dmﬁbrr@ﬁluﬁdi aﬁtg apldiallil métal

earth netal or alkali operates g8s part o e pol ycondensati on

catal yst syst em&lr?pcf"g%aoéﬁnr Iﬁﬁ’a}'é'et%r%d'ﬂetﬁh%orﬁ Q‘H‘?’q onalkal| cIPPRHNEal i ne
earth netal or alitabie forcatalypidgtopdiVtRnBEhyRRMGeatRIN préghlsy by the .
pol ycondensation reaction to provide the benefit of 'shorter ‘reaction

time or a hi gher COFR¥BHCHE ORSIYR AN GAsPAEdE Math enesorymereatfatiali t

i s preferable thahefal8r alkaline earth metal or alkali compounds to form a mixture, and
optionally heating the mixture in the presence of a gas purge, such as an
inert gas, followed by optionally allowing the mixture to cool through
ambient conditions such as through 25°C.. If the optional nitrogen purge
is employed, the rate should be sufficient to remove volatiles that react
to form 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 possibie 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, ethyiene 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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al um num conpound and the alkali metal or alkaline earth nmetal or
al kali 50 WD 2007/ 035256 PCT/ US2006/ 034616 conpounds are added cl ose

toget her e.goRPidsafter 90%esterification and before ghe,
the nelt reaches 0..’2 dL/g, or 0.1 dL/g, or before an |nl£:rea§széﬂﬁz)6 4(8(f

dL/g after exiting the | ast esterification reactor, or before
entering the first pol ycondensation reaction vessel), and it is nore
preferable that the al um num conpound and the al kali netal or

al kal i ne earth rret al or alkali conpounds are heated together prior to
i ntroduction i nt ohirexyacidshavingydIgast Searbematoat and agaltionglic grouphed

process of the in r for

pol ycondensi ng thW%hg@Fr%@ﬁlt%}h%ﬁa b?@?ﬁ’@i‘eﬁ?ce@nﬁfc’ﬂ%\% thyqugh e or
conpou][ld An al unﬂM@marbmpimnm_sndyabmcadded teptagictarid, hﬁmdellc acid or
esterification zo i goner ..m xture

esterification z%ﬁgy' ‘??C'cgtAl %aqg/g&r ff %CWP%@HU@%@!"?@? upsn standing
pol yester nelt dLHtII‘O@TI tpmbﬁmem@@ééh@blea@%eléﬁ%@hﬁﬁbﬁéﬁt?tlﬁ'ﬂli@d
above after at lea bout gZ::;%izo version in the esterification zone.

However, since al té’é"‘?)b[ﬂ*c“ afidachie the malioplrasspalyenter
catal yst system rﬁénufgcidﬂﬁ igdl e to add alum numto the polyester
nelt early in the pol ycondensation reaction to provide the benefit
of shorter reaction time or a higher nolecular weight build-up. An
al um num conpound i s added preferably when the percent conversion of
the acid end groups is at least 75% nore preferably when the %
conver si on of thé\ddmmlhérﬂimgmuupmmﬁomd arldealkalind4rthondtales hikali metal

preferably when .the acid end s from
esterification i tgegltpéf"eas Hﬁﬁ ugorb%?gl‘%p@&s'%?rﬁgﬂls Rt as aynitary
al um num conpounéiresmautdedes metdfmveniehg@m?fedmbmblth@ nu%ﬁr ef a@élﬂﬁﬁ
conpl eti on of es%)g{nhfl cation or to a polyester nelt no later than
when the It.V. o nmelt 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
ol igomer m xture exiting the esterification zone or prior

The alkaline earth metal or alkali compounds may, if desired, be added
to the esterification zone before, during, or after completion of
esterification, or between the esterification zone and polycondensation
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 atkali
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to commencing or at the start of polycondensation. 51 WO 2007/ 035256
PCT/ US2006/ 034(1( I n one enbodi nent where the phosphorus conpound is

added to a welheREage pol ynerization process, the catalystcnoecnsae
stabilizer 1s added to the polyester nelt |ate during the course %%

pol ycondensation and before solidification. The deactivator is added
to the polyester nelt late in the course of the polycondensation
reacti on when one or nore of the followng conditions are satisfied
or thereafter and before solidification of the polyester nelt: a)

. the pol yester nel tompashisaeradded\doseftogéthteast béthaftef bOY eftErifation

' h I lt, |f , 1.5 rel eased at | east
bartially or o) PROBRETRITLE: effuiet reathts 0 el e fello. ohistore
pol yneri zation pras@sseasising dr_)geaf@a@&iﬂhg&W|a§9@£eﬁﬁ&tiowr%$e§8h%r

final reactor for King the polyester polyner, near its char ge
poi nt, or bet weenb%%ée PRIGHNG thelisebipolygandenationgeaction vassel oanditisi ng

the polyester mel mordpbrafbrable thBEtnB AR coMidurli e A3 SlaRed AP
phase polynerizati onbprocess, Qﬁoﬁl oL\}(f\nﬁng ac{dﬁl%easr{ })ﬂo%ﬁ%éﬂ?’%ﬁgr ‘
for pol ycondensi nglkéline asthymetabor asbli compow)ds dre Heated tl())gé’gﬁelngrlor to
ol yester melt isgwkhip + dl . he 1t V. obtained upon
gol i dification; OIP %?EI%LFJ nalétf)’o&?rrr]‘t% ﬁ\ﬁ%%%ﬁg'gﬁétﬁ W&?%@We@?; or 20
m nutes or less of solidifying the pol yeﬁter melt. In olnte o .
enbodi nent, the d iyator ks added. to,the polyester ne after e
pol yester nelt ob@gﬁ%gy%ﬁ%?to{r%'.e 'BYeraen @3&0[38?5% raelt 5 ownediby | east
0.55 dL/g, or atpdlgastlelsiA tthlgligopierahixiuea i th8 hEseHeb®f a@lraI!f?\’hiriu’f’ﬁiSt
0.68 dL/g, or at least 0.70 dL/g, or at least 0.72 dL/g or at | east
0.76 dL/g. or at ¢ampatind.An alumintim compound may be added lafe to the
esterification zone, to the oligomer mixture exiting the esterification
zone, or at the start of polycondensation, or to the polyester melt during
polycondensation, and preferably as noted above after at least ahout
75%conversion in the esterification zone. However, since aluminum
operates as part of the polycondensation catalyst system, it is desirable
to add atuminum fo 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 & 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 cligomer mixture exiting the esterification zone or prior
to commencing or at the start of polycondensation.
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0.78 dL/g, and nost preferably, regardl ess of when the deactivator is
added, the resulting polyner exiting the nelt phase manufacture has '

an |t.V. ofyoah7Rask 0.68 dUg or at least 0.72 dUg or :ﬁr%%é@ﬁ%ﬁ’?“&?

dL/g.. 52 WD 2007/035256 PCT/ US2006/ 034616 |n anot her

the deactivator is added to the polyester nelt during or after

rel easing the vacuum fromthe pol yester nelt undergoing

pol ycondensati on reactions, or after bringing the pressure in a

pol ycondensati on zone or reactor froma | ower |evel of at nost 10 nm

Hg or less or prettP@bpRbpdistend whenethel phosphoriis abnipesihd & B8AILE melt
500 . Hy or- or er 2 POTRERE FOaR e Bhaict sl icadid todhe’
preferably bef or polyegepuiefidait eiuringitie ¢irs®bi %I?&&ﬂenéﬁi%c{'ﬁéfohe
ond of a1 nal - r eSO EIeBbRL drBalirciausiis RaSd Euthedlvestereibiate in the
cutter. For exangilese bhihedriiohd&isitioh SeRILRY ﬂt%%?%ﬂerﬂéfﬁ et ¢ he

pol ycondensati on [lea.ctor 8& a |l ocation proxinma

| ast pol ycondensaPlQ¥%Nd conditigps atssatisfied of theraasienand ibetpre isolditiéationrof
indirectly the | aht popekkepmsensati on reactor and a gear punp or
extruder providing the notive force to drive the nelt through a die
plate for cutting wherein §aithe pplypeter mettireactescanbia®k of ot i85, 96 4

to the outlet or the bottogpof the Iast polycondensation reactor; “or
to a pipe inlet to the | ast pol ycondensation reactor that is

proximal to its outlet. Bybpvasumaappiiedittthepily@iteoielheah?sé released
pol ycondensati on reactor, '&lfle%?t ne agit that the addition |l ocationis”’
within the last 25%or |eSs psaéé' Yr@ctor or with within the last"

15% or |ess of said reactoif the pulyrsasrahélyisifleddif i g%ﬂft&"{gs@ less of

said reactor. The percentage can be by length or height" or vol une of
the last pol ycondensat i onPT¥REHERIONEIRERsEaniding the phosphoruseomsoind

length or height. The | askithie=0RRl RGRHrobr hsRAL B RQE%%E{ ﬁglﬁrrner,

volunmes are neasured starting fromthe |ast pofyco
reactor's outl et . . Nearits discharge point, or between the final reactor and

before a cutter for cutting the polyester melt, or

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

polymerization process, following at least 85% of the time

for polycondensing the polyester melt; or

e) the It.V. of the polyester mett 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 0.75 dL/g, or at least
0.78 dL/g, and most preferably, regardiess of when the deactivator is
added, the resulting polymer exiting the melt phase manufacture has an
ILV. of at least 0.68 dL/g or at least 0.72 dL/g or at least 0.76 dL/g.
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In yet anot her enbodi ment, the deactivator is added to the pol yester
melt follow ng at |east 85% or at |east 90% or at |east 95% or at
| east  98% weoynédaleds; 100% of the average polycondensatlOQ?ﬁbgﬁ‘mghﬁs
53 WD 2007/ 035256 PCT/ US2006/ 034616 average pol ycondensati on |ne
measure of the average tine el apsed between when a given portion of
melt enters the start of pol ycondensati on zone to when that given
portion of nelt reaches the exit of the polyester nelt fromthe | ast
pol ycondensati on reactor. The average pol ycondensation tine or
average residence tinme in the polycondensation zone can be measur ed
by tracer studies or nodeling. |In a further enbodi nent,

deactivator is adlcme@qtimertembqytum@tstl@rdea@tivatomaddteﬁéothe no!ymtet melt

0 0% dl /g, or w LA %‘?%‘%@Té%g?%gthﬁq{%ﬂhﬁ‘%ﬂQ%%B?'H%“EFWT”“”“%%@ TRa

upon solidificati miycd?@eneer&:@eactidﬂseovpm‘tqréxhg'mgrtbetpremsuredirfmve an

It.V. that is 0.10 .dL/ low the |t. V.

or it could havep%hﬁccfffé.e{}gaté%‘a%oﬁe ordeeﬁo%'ﬁggggrgi’]@&gl ‘304*0% p%
uggnd sol i ﬂ' fi c?t HQ®r 1ds3 qr?tefelmweaimmbwdr ek of dt hostiGanin N@boresss:o
added to the polyeste t at, a point w m nut es or SS
within 20 m nutes® Tﬁ"’e" %fsébeo lt-lgﬂ-og' E\’eﬁ’t%o‘fn %’EJ 9‘8 Or|greater, g f’J@%

mnutes or |ess, Qg B ghadiel 9stcpétrr{o@§ﬁeﬁa‘ preS&lre@r gréder, faha peleyssy er
melt. The solidification of t | yester nmelt typically occurs when

the melt is forcelélefﬁfﬁwg?ﬁﬁﬁstﬁré"?ﬂ geelidiigh a water bath and cut
into peIIets or in anelt-to-nold process when the nelt is

injection nolded into a nolded article. In the broadest sense,
solidification ocl@mmfhef@rmhdwﬂtaetsrﬁ'@r@a@ﬂ\éatcf !St&ﬁ@eﬁﬁfﬁd@@afml nesgror at

| ed bel th
vet & more pref or e g rRE R R Beb R E HEeBtick A BRI cutleh
herei n occurs i ndFei ei«mrhpii@r, the deactwatduimaddemtoitheéasntqmtycoudmmatlon

Imsan;I afégglt nlg pr'%%% or a a 6G%tl%ltl1 %rch%gﬁg Qﬁ)éj Euf?et otfr]'l % pol?c:cmcf%ngafD Sy oS

reactor, or to a pipe connecting directly or indirectly the last
polycondensation reactor and a gear pump or extruder providing the
motive force to drive the melt through a die plate for cutting wherein said
pipe is directed back to or proximal to the outlet or the bottom of the last
polycondensation reactor, or to a pipe inlet to the last polycondensation
reactor that is proximal to its outlet. By proximal to the outlet of the last
polycondensation reactor, it is meant that the addition focation is within
the last 25% or less of said reacior 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 deaciivator is added to the polyester
melt following at least 85%, or at least 80%, or at ieast 95%, or at least
98%, or about 100% of the average polycondensation time. The '
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nmetric ton/day, or at |least 50 nmetric to or at |east 100 nmetric
tons/day, or at |east 200 metric tons/day, or at |east 300 metric

t ons/ day, @bzﬂﬁmb%@ét 400 netric tons/day, or at |east P%?FQU%E&“ C 16

t ons/ day of ester polymer in a steady state operatio

2007/ 035256 PCT/ US2006/ 034616 The reaction time of the nelt from an
It.V. of 0.40 dL/g through and up to an It.V. in the range of at

| east 0.68 dL/g to 0.94 dL/g is preferably 240 mnutes or |less, 210
m nutes or less, 180 m nutes or less, 150 mnutes or less, or 120

m nutes or |ess, aver@fe @blyubﬁ@er%tlb@ﬁﬁm i®meLBurd Wh@ﬁv%ge'tﬁ%e[apsed
During the tinmes stated, the vacuum applied is pref eraq% bet ween 0.
5 and 1.0 nm Hg, Bﬁ fu/eeg, awgnlpgﬂ&"&féiﬂ%lwiﬁeﬁéhaé@fﬂ 5C to 285C.

The target |t.V. pgjy éﬁrﬁeﬁ%@%ﬂz&@mn()th?@% Qrtigﬁl gL t r@:rab}q sfh

deactivation/stabilization. Stabilizin eac Iva e Ca
| ate or near the @&dtoldhe golvester maidsun fhelasbsolyermdensation neactmolljlmter

Gur i ng. subsequent 2ree ERREAErtatof B SPRERRERTeu BRI A b ¥ fe
stabili zer or deagolysendensatiah rwe cbmdm madsiedd bytauet mdfﬂ;?fthmmglpg{]
metal andror ar karie Bt SRLOHhr R 18 dhnotV Adtertlo Be ey ieh

particles with |owaenm|@tafnefmt=,=|puyewrmeltubaﬂtmrpohmmgjerormirwcm@
st deacti vat or yesters

h h
et sonyoe R o G b B PEI B SRR & wita o2 JERe TV,
sinilarly deacti vetitgiel @b@nWoﬁdlf@ti@hols&*@(a%léQﬁ@%‘ﬂxgster/me\?ﬁfbukpﬁé\gé

such as preforms, can have |ower free acetal dehyde

from pol yest er pcdify i dhatis G0 dbdg B?’U@[ﬁh@ﬂtdfnqmﬁmeféw@ﬂ solidificsition, or it
and/ or al kal i ne Qﬁﬂﬂ&‘hﬂ? taANH&Q%is Gl'I'@EHL/g a%&&eeﬁ@ I@Vdo% Ejebrpon

phosphorus conpound ad ate t han when
pol ymers catal yzﬁ‘édidﬁsia’f!me same systembut with no Iate addi ti on of
a- phosphorus conpound or when nade from pol yester polyners
catal yzed by a
In yet another embodiment, the deactivator is added to the polyester

melt at a point within 30 minutes or less, within 20 minutes or less, or
within 10 minutes or less, or 5 minutes or less, or 3 minutes or less of
solidifying the polyester melt. The solidification of the polyester melt
typically ocours when the melt is forced through 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 booied
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 throuéh put of the melt phase process is at least 1
metric ton/day, or at least 50 metrictons/day, or at ieast 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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conventional antinony catalyst that is or is not simlarly _
deactivated late wth a phosphorus corrpoulnd The PhM M{? used with
the alumn ali nmetal and/or alkaline earth ne 61
al kali cat ;qb??‘%‘??f’ém af fects the acetal dehyde genera ﬁ{{)@ﬁ‘(é@é‘i ¢ n
particles and acetal dehyde |evel in nolded parts. Wth |ate addition
of a phosphorus conpound to 55 WO 2007/035256 PCT/US2006/ 034616 the
pol yester melt catalyzed with an alum num and al kali netal and/or

al kaline earth metal and/or alkali system it is now possible to
obtain a polyester polymer particles having | ow frge ;AA | evel s and
an AA generation.rate | ow enou se in water bot

appl i ca’?i ons Wit hJIhP ?ﬂ@”ﬁ@%ogf@emt M“sa@a[it*gnafe@ 406 /pimeyghrend up ;E]O
| over i ng_addi i vesn 7GR thé)Rariyl of e lecSDb 881} 30 oS08 /d & Bk} 94bhe

desired degree, it is discharged fromthe |na pol'ycondensa
react or, |% this &8ees orfgss %%ém’nl{t@ﬁ oidepd| 188t mindiks o iggsar! 5puniputesy

be ut|||zedtofa f
t hrough a condui t%“)ésgit? %Or%ﬁmﬁ s;:ér;l‘lgf% r?gg@g@é%ﬁ%ta %ﬁ%rgféggﬁ?%eﬁ&r
the nmol ten pol ynelessahdiring tmbmetstata&ﬁbevacmfmappheﬁ B)préfletwsly betw%nﬁ
hase final reactagr d5| bl e to p nme
Pn the nelt phasegvm5 ah&é@éggﬁg &e e '?Ere%rqbfyql?ﬁqweﬁ éh8 t

i ncl udes a nol t en285iQ:dine taigep #NG IIS);)&@fefﬁbe@tWé‘@d OPQWGﬁQEEH@ prior to
i quids, and heter es The second stream ca
m?roduced into t %&ﬁ;@/@f 'ﬁﬁ@b@z‘ﬂi‘%ess at any stage prior to _
solidification, but preferably between the cutter and the entry into

th final bul k react or such as a finisher). The second
strGeam my be i ﬁg%g%!f@cpréﬁaét‘v ating the satalyst ieer near the endefieenelt ne

within the final ﬁ%;@éeﬁ%rh%gﬁ’lf?eéjfh%sgé{lé]ﬂlciegﬁ%tqﬁ@?@%% ggond

the second liquid streamis introdu source
liquid streamis NOSCRYeRYEEY generatejesapifeduiing suhseqtientmaglt peocessing

_ I
e T

added. With late addltlon of a phosphorus compound, aluminum, alkali

metal and/or alkaline earth metal and/or alkali catalyst systems can
produce polyester polymer particles with lower AA generation rates than
polyester polymers made without the presence of a catalyst deactivator
or polyesters made with conventional antimony catalysts that are 6;' are
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 & 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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circulated back to the finishing tank. In another exanple, it may be
desirable to introduce a slip stream (second liquid stream) into the

fini sher t Extrud i f
i ni sher ng;%&‘mﬁgbaﬁx o han the bulk polvans o e e e Tba06034616

i ndependen romor other than the bul k pol yner produce

phase process. 56 WD 2007/ 035256 PCT/ US2006/ 034616 |In one

enbodi nent, the catal yst deactivator may be added into a slip stream
taken fromthe streamexisting the final polycondensation reactor

and recircul ated back into the final reactor or at a point before the
sli pstreami s t akdhe polyastehmelteiatalystedseitsan aumisumtandaaltdliemttatahd/or

reactor. |In addit] I nd uch, as . i nhi bi tors, .
col orants, reheat é'@@&?%%@@é‘?%‘%‘?{ kaj'o%’lsfqr(}’é ISAQy %%SSé@%Z%OPWbaa
sl i pst ream dependipotyestep@olyhiee paiticesizaving lowsfed AAULTEHTBAE 8ngfa t he

| init | timate l.i cation. A t f th
add ti ves mmy be CBHPETRBAEOV EREUG (a5ipol Water hotlaanplionliens without

addi tives incl udi fige hb6d RAGRI KA lscHRAIcry 8f SthePBX l@@eﬂgjciﬁﬁbi ifed he

nol ten bul k polymer streamvia a slipstreamor intro ed froma
fresh source as described above. Additionally or alternatively, a

solid additive ] e | .t
the slip stream nv%ﬁgﬁl na %ﬁl@?eeggl?ﬁg)eg;ﬁ%gbn%%}’oethgﬁ‘rég\éi%ﬁ?eee, it
extruder, may be disgpargeddronpitediial polycendensation tdeetorpinitbisadgits ve

into slip stream g . v al erve to provide an
addi ti onal anount ﬁg%ﬂ?ﬂr)t(c?ﬁ%b# @eq%ﬁg?‘ Eéél%%éﬁpewtb?ﬁgﬁ'@d f}hf&&!“t%y be
inline with the #nineting eaamonnt oblyulk bolyates ¢iabughbaohbigit & éﬂﬁfrgmam
One or nore optiopal, gear \ | sp be | oyed to provide
notive force to t reusgﬁ%’%%ﬂe ﬁ'\ogg}l ?Litﬁﬁ‘%ﬁ‘eéﬂf)&%ﬁ@@%ﬁ!?f'ﬁ”gngf HIOtBK e
addi tives. Optionabpatt, 9ive toexitig thesinal iphasdTingreadtsr, it gy vk dasiiife to
slipstreamline ma%gBe 3 go%ed to process the slip streamto i
provi de an addi ti BYEPING gg ek drohme 'H(y‘%@eﬁﬁ?%w'thﬂﬁﬁﬁoné straagnthedis
portion or additi ¥¢igemrvhlAdnHesTE motehRirhhe ABERYorRe emulsions,
homogeneous liquids, and heterogeneous slurries). The second stream
can be infroduced into the melt phase process at any stage prior to
solidification, but preferably between the cutter and the entry into the
final bulk polymer reactor (such as a finisher). The second stream may
be introduced after the last half of the residence time within the final

reactor and before the cutter,

The manner in which'the sscond liquid stream is infroduced and the
source of the second liquid stream is not limited. For example, it may it
may be desirable to treat and additionally pracess a portion of a slip

 siream. 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 infroduce a slip stream (second liquid stream) into the
finisher throug‘h 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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generated and returned to the finishing tank for reintroduction into
the bul k pol yrrer flow If desired; the second additive rich, or

catal yst deggt 73(; g.; ccontaining streamnmay be returned "‘(ﬁr,gli#lﬁﬂﬁ (034616,
|

finisher tank stributed therein in any suitable
enbodlnent,.the second streamnmay be distributed within the finisher
or final polycondensation vessel through a 57 WO 2007/03. 5256

PCT/ US2006/ 034616 distributor plate. The plate nay have a circular
design with an inlet to receive the second stream and fl ow t hrough a

plurality of chanmebae eﬁﬁﬁo@m@nt\/\mwatétm d%aéﬁvéﬁorﬁhé)ﬁeglauﬁe&“irﬁ Ea'e.tﬁHt ed

and exits at thebttom the plate throu t he channel out
The distri butor e@ﬁﬁ%thggtrgamqugqtlngﬁm BnaiaAdwgndansaﬁmen-eactor

surface and an Oléhérreﬁkﬂuﬁa%é@baél@(ﬁt&l‘f‘ﬁa%aﬁératzﬁﬁ%r? eﬁlﬂntatﬂaf&%etﬂbng

for receiving the second materia he i nner sur
plurality of chanflpsirea isgalniremdhe melt mﬂweaﬁmamemtﬂ@smedmel wactdre

channel s of the fi t th t en

and a second pl at Ieﬁr %%%ﬁé@tcglaélscor#@u%%@# 8§w5hwtﬂ@ E@B(ﬂ?@s g‘tg',%
havi ng an i nner sﬂdﬁlﬁt@ am dthem additiees canbé added ll’i‘l@alsmpﬁr%@-?ﬁbpgmﬁé
th nd plate uralit ose erein
wnerein at Teast R0 B nBciolits fadirsmertharepoheterimds v
plate are al i gnedapplidation] Anpbuéair iatrifixtire @h#@@@'a@dltﬁés R Hd EctitaiRb@tip
to form encl osed m*rum cation with the opening.

hannela
Desirably, at |lea f“qi“ﬂes BP0tality of channels of said second
pl ate has outlet holes, wherein the outlets extend fromat |east one

of the channels o the second plate to the outer surface of the
second pl ate. {E ?éﬁ@lﬂa@ﬁﬂnﬂwmg&he&a&ﬁwgﬁa@twt@mobmadﬁ@d tcg?e

ol yester nelt cCglob I or
gl kgl I ne earth rre?lgﬁ N?ﬁ%%&ﬂr&rﬁ?@é} e%w{ﬁlsa[ég&?pﬁﬂgarﬁsdf%\lﬁdﬂ%g rgﬁg tfr(?Sh
nmol d a pol yest er §roengs depenhiedateye) mddlt@nawdnn a:lteenatsza@h aadlia additive

preform having frec /e dRUehein L Wid additive supply vessel to the slip stream.
Additional processing equipment, such as an extruder, may be
employed to facilitate mixing the solid additive into slip stream . The
extruder may also serve to provide an additional amount of mixing to the
slip stream. The extruder may be in line with the slipstream, or may
intersect into the slipstream. One or more optional gear pumps may
also be employed to provide motive force fo 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 reinfroduction into the
bulk polymer flow.

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

distributed within the finisher or final poiycondensation vessel thrq'qghr a
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enough for use in water bottle applications without the need to add
AA scavengers or other AA lowering additives. Mreover, this type of

pol yer _parychipabayi ng both Low Tree An | evels and | o e mapsists,
n

generation rates hout the presence of an AA lowerin

be obtained to a highIt.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
It.V.) in the nelt phase without the 58 WD 2007/ 035256

PCT/ UB2006/ 034616 4 pacassiiby @%%rﬂ%hg\;gg c%%fy?/ e‘g‘%%gﬂﬁ”th Ot 'F@E {0, .

solid-state. Furthernoré,”™ since pe o partic
an AA generation redeve tbwseenmhgtneémlandsﬂa\ndthrm@h&rplhrahtyefchannels

applications with t he ad ers nd.can, be

obFai nad to-a" i giPHER Mintiing SBodl seams R BSARHEA aufsB 2l tSbotiom of
suitabl e for dual #tusglapipraitthe@Bantdl oBstst he | ow AA  generation
rate required for sone water bottles and the high It.V. required for

CSD bottles; therefore, one type of polyester particle can be used

for both appli cat We%lstmtblepléte%a?bbx’nBHéé‘Q fIHt%?étg‘hQMnb%ﬂ ANBF sdrfRe
AA below 2 ppmprior to beginning the injection nolding process may

be needed, this md@mqﬁrm@fasedb@wtamurfacmaww@ﬂ @@nﬁmf@ar%qemrng
that for Sb-cata ﬂd&q,1 The
need for and l.eng {t%gg%oPERaA\(k @t ﬁegﬁﬁ%?“gﬁﬁggé‘ég@%ﬁ'@ on %@hgls
amount of resi duatltsAAsgxdﬂ‘@eem Wherelneatpedsi est ef thmd:?}amelqnﬁ’thecﬁrsézplate is
e el R A A Ao T s R Fgeb b e
aplpl i cati oni _ Tlhe fia(:cir?law thé lste@ariﬁnlaie mir]gmmnEr smfetd@&armbéryaateer .
P & Tevel of 5 piirae: el Bner Biitars v porn et hesgrn SUrdie 6 “or
2 ppmor |ess, orchaiid® Bpbssistherchh, ﬂﬂ%r@ﬂ'#%@@ﬁé@ftr@blbﬁmﬂcﬁfﬁture
has a maj or |nfluence on finisher stage tinme or production rate and

a rel atively ninofhanalgehibe 5§ﬁ°rt‘¢1ﬁlafﬁﬂﬁrega§'58?%t"4'f8ﬁalqaﬁ"léra“ﬁf of ghannels
possi bl e to signibf #ankkdpiseds FPehdidict@lanhblBS c8hmunication with the

opening. Desirably, at least one of the plurality of channels of said
second plate has outlet holes, wherein the outlets extend from at least
one of the channels of the second plate to the outer surface of the
second plate. '

- With Iate 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 botile applications without the need 10 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 IL.V. (at least 0.68 dL/g, or at least 0.70 dL/g, or at least 0.72 dL/qg,
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 It.V.) in the melt phase withoutthe .

58



[ ature increases of 2C and,
I ncrease production rates by nodest tenper e in (
:M'ntch‘el at epaddi tion of a phosphorus conpound, mnimze the inpact on

| tenperat Y&, #Em}034616
erati pr preformAA. At the sane . U !
éﬁngfzat [ on‘gbgpﬁz(ﬁ?zggcat al yst systemare nore active than antl nony

i [ h the same It.V. Wth the
lysts, that is, take less tinme to reac _
gg;gi%ation of higher polycondensation tenperatures and h;ggfgr
i nherent catalytic activities, shorter finisher tines or
are likely 59 WO
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iti f or us .th C .
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ggfte h rrg )al.ls aor a{PRléi'Pﬁd ee €80 byiles itserctind, dris fype bF beLSter Bé,ﬁ&%vbﬁan %e

, i | s’ catal yze

hi gher L* col o; : \eﬁ%léHﬁc?]r ec{tﬁ%ﬁéﬁc\éggrﬁ&? Vﬁ@?’%&'ﬁl Igéggﬁag?r@é%mtitomer free

by antinony sy _ , . . ter

Moreover, the | até beldivid WTn(plfrlEZfloi WE&'R@?@WA{@EP&%@W be

mel E s cat ?Léﬁ ggs Rgg%ﬁb@%&gﬁpm@ppcaﬁﬁw e baef mmredewtﬁwrf:ghﬁir
ens ; :

ﬁ¥sco| or IOvaI ues Sb-datghesd PETM@WOSWIB@E %PC;L@Q; e@ﬁa{énthp orHs

which may have sonewhat higher It.
g?;iiallzzed pglyester pol ymers obtai ned by the process of the

i nvention havepzéyljhé-ﬁggtﬂ gcgtcﬁnggﬁ@@etp ?5#1#0% %Eri l ﬁ'@sy%'ﬁg%%s @ép%.sgpat%g’ o>
21 um i al Kal | rETOUR a1SSERRI A PreabREiNiine pbgbste? poyFich BahIc ater
addi tion of a phasRRAESS manufacture and on customers' specifications for residual

AA in the particles, which may vary depending on the application. The

amount of residual AA present in the polyester polymer particles after

melt phase manufacture js desirably reduced to a level of 5 ppm or less,

or 4 ppm or less, or 3 ppm or less, or 2 ppm or less, or 1 ppm or [ess.

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 praduction 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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ess can have a | ow
r the end of the nelt phase proc _ o
gggﬁgﬁngrgfgrmAA or AA generation rate upon nelting for water bott

o i sher ti
' ' | sgl so exhibiting decreased finis Ilﬂﬁﬁs {0416
?ﬁglleggéhonﬁggmn??zgﬁ rates, slower crystallization rates &ﬁ({

melt, |ower haze and a simlar or inproved yell O\A/:wes;svglnd/ Io;] he

bri ht ness after toning, relative to PET made exc usCr s%/al nthe

mel'? phase using a conventional Sb catal yztea iSan}tAﬁre ex%/ruder o Do
t means that |less heat is nee . o

I)]EOimn} Qgt Fgln nol di ng process to nold clear preforns; therefore,

Wyl ' 5256
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ol yoster parti ol e ot e Bl ciarlc e eI dsepoibmer,
Bapabi |t be. t naSpBngdn mojded pdiciansit beterleterity!E96d Aighat A f08is
d ’ft ' ' l. n; nd t he water ‘ . T he
Sppl | Cat one. 1 nes gRsr 8 3B Moo L5 AR metaton ol ieveis i

in f
concom t ant Shortie@reg?@pmdumt?raté?gattb@dgjggioﬁ%éﬂ@?p@‘ﬁj\‘%;&?é@é%ﬁhn or
g\?grd}l\ﬁée[ hingxgﬁﬁ%@é qhé’FiWBZ"giS%P&HP@QW@tesowrli@nmnimzﬁmg hage AA, such

as an AA scavenddystallized ﬁolymeksqggﬂ%@gﬁ%gtgg%dé@éﬁpﬁké i Ehaseham otal
7 Vustrat ive of & ABPL Ml S¥SiBrIscaqa o bebrirtirar Hobe hgher T gy | 80!

i s relkii re¥eli E exampl e, while reference
imted to this rélbi@bAY AR RIRers Tqlan L33 oRy systems ynder the
Ih;;n bgen made to_a varjety. of operating J:V(?ﬁél tylaé‘ﬁg' By syele

discrete 1t.V. vEfNELOVREatemepnsitonesHomandi, thelte adBiioPs: 2

I nsi ' d.lt.V. values, or the
i ol nted insi geogphoRls &ntouRk 1 8t ed I T
Is{rgt :geoperati nggcosr?f’gi t ongq&r?ay begglﬁﬁ PLelis catelyged by o

nmelt other than®3§ Setal @d?lkﬂﬁ)n'@taleystem@%mg%ceﬁeggfgﬁhr%gﬁ%#'r\gﬁ%ﬁ;sCt g
condi tions base@yﬁﬁ!liﬁ&?ﬁé\}eo&ew hnghérrl]_%t e

color values or higher brightness relative
the 1t.V. of the ‘ .
to the no phosphorus case, which may have somewhat higher It.V. For

example, the crystallized polyester polymers obtained by the process of
the invention have an L*

of at least 55, or at least 60, or at least, 65, at
least 70.

PET made exclusively in the melt phase using an aluminum/alkaline
earth metal or alkali Catalyst system with addition of g 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 bdttfe
-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 foning,
relative to PET made exclusively in the melt phase using a conventional
Sb catalyst. Slower crystallization from the melt means that jess heat js
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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melt. The process is also not limted to the use of tank reactors in
series or parallel or to the use of different vessels for each zone.

Nor is it wWeoRssRi¥sto split the polycondensation reactl;(g‘r)ué'zﬁ[iﬁ%g'&m
prepol yner zone and a finishing zone because the pol ycondensati on

reaction can take place in one polycondensation reactor wth
variations in operating conditions over time. or in a multitude of
reactors in series, either in a batch, sem -batch, or a continuous

process. Once the %fc?l red 1t.V. is obtained, the nolten polyester
polymer in the nBIA9hade Himgds deerepsediitiastinmend, alsanbomb toreARE can

product and sol i dbé hffde Sk y %%07#@&%%%@3@% h%gvzgr%%p?’f ﬁﬂq\fw t hout

the addition of an acetal dem)ctije scavenger
Avoi di ng the addi 3F¥dehydecgansratishydte smavestiogpolyesie paHiieoBRaLSe

acet al dehyde scav. h S nd_can.be responsible for

i ncreasing the yeﬁgﬁ%ﬁrﬁﬁﬁ@? G%?an:gd@Zp{Eﬁag@sﬁém%pyfm‘EIem@%be
decreasing its L*usseliobotifthercattmmate soft drittd hEYRESESN 80 fife Gotok LOHED
the reaction pr f AA and.th cayenger |s_ye_I?ow. e ad(?l on
of acetal dehydeoag%géaeﬁr%@'éar dn 3&%“%’? gbt SngQV@g’pﬁﬁYﬁa'bmilohdﬁtesrmTcHaei ng
the amount of blackosiiatiehorsr &ffe MAkY SfidheRRLYIBha pIOIy 156 for

scavenger has thermal stahility or vol'ati_llty I SSUes,
ef fectiveness of LUyt ang s maskets cthetsnig dhe atditiond Eidngnibde iy

suffer when the swaM@ROBE dxpensistaili £.injsher, i
pol ycondensati on zope wher eﬁﬁ?gh heé¢d1%]ﬁ1§8d'&Y%t? R?ggu‘ﬁﬂ? ﬁ?@%ﬁ#%é?
The effectivenesé&” gcqyegar-anount of scavenger at lowering AA in
prefornms nmay suffer when the scavenger is added to nelt phase

manuf acturing as a significant portion of the scavenger nmay be used
up reacting with residual AA in the nmanufacturing process,

T or 1o Soiidit | aa o thaetGlogt 1ot 2 Folbnite upcasvcncitons csdavsciger
S e b R L e o e
. For
example, while reference has been made to 2 variety of operating
conditions at certain discrete it.V. values, differing process conditions
may be implemented inside or outside of the stated It.V. values, or the
‘stated operating conditions may be applied at It.V. points in the mejt
other than 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 polycondensation reaction can take
place in one po!ycondensaﬁon 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 IL.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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' ' [ ith acet al dehyde to bind
hysical forces or by chem cal reaction w't
gZe?aydehyde and prevent its release fromthe polyester polyner.

| dehyde pre SISl
Rat her than g the formati on of aceta ORI gy
t he subseq‘l}g@}{?@%’?l ons of the precursors to form AA, f('#é

dual acetal dehyde t hat
engers operate by binding to free or resi

?ga\a/tl rgady fgrrred. Acet al dehyde scavengers are known to those of
skill in the art. Exanples include polyam des such as those JUs
disclosed in U S. Pat. Nos. U S. 5,266,413, U S. 5, 258,233 an

4,8837, 115; pol yesViEioutiraddiionof arsacdiaidehydiesiaosnsbriip Hib Edymermen

2 WD 2007/ 03525
ng% Iugggbg/n 095,2[316 5 '&ﬁg&é%‘tﬂ%‘!’%dc&ﬁg%ﬁs fca};']lfgﬁ %%’%?59%@%2?89
such as those di sccetrldehyida staperyeRatentosipR d% hible A
S konyi ared’ pol vy eRghEKiBREsSr Briolorsinthe ppivpator bobmer o
hydr oxyet hoxyphenylegreasincf itare dd#é;rsaftePﬁinanﬂS\JJ ﬁﬂ@'ﬁ@%ﬁﬁﬁﬂ %’%8?%@?&@%“ the
E:({)anouggf o P?%%%"Oﬁé)é ‘? %gﬁﬁérﬂﬂdl the §G$V&iﬂaeb8wediowx'ﬂ'ﬂe afibitioof Pat .
No. 5,049, 647 angaféta&ehﬁéé 5Rngeft hibidgis rinBR: R ipssdintne
2nd the most wel | SRIRYAHoHatassshs iihecuhesta ol HNOSRRSGEvonger

Iene-
copol yam des suchnas ookl sabig)akaRly mERARSIIRILI SRS, (7
ol y(mx -
Sg: sﬁénr dﬁ;w Ircl)g nga@@tym %VWG%@@IWGD %ﬁ'amﬁgﬁ“ﬁg'n@i gérsis
S
processed to a deghd&finfiRL ki ﬁélrcE oﬁp@nggﬁ%%én(ﬂ%n@w@qjmwsmeﬂ and
crystallized pellets are pre err
pol yner parti cl eshigh vacturhian appiueda%efffécﬁlﬁﬁéﬁgt%gﬁgg%on tﬁétl?f .
ou
hr :neagg: gLsSh?ﬁgﬁu%J ﬁéﬁ@?raﬁtiar M@Wp@gﬁmsdnag sufigromerdthe scavenger is
i
cylindrical ly shaisd tpehdippitasetAavsBbLARG hs Bt BBRkL gy and
any other shape, s%%&zenger may be used up reacting with residual AA in the
manufacturing process, especially after the finisher when vacuum has
been released and prior to solidification into particles. A larger amount of
- Scavenger could be added; however, this would further increase costs.

An acetaldehyde scavengeris 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 precursars 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. Nos.

U.8. 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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particles are distinguished froma sheet, film preforns, strands or
fibers. The nunber average weight (not to be confused with the

nunber ave@@%(,ﬁggzggul ar weight) of the particles is nﬁ'{ﬁ%@ﬁ"%@é‘ﬁé‘be

particularly Iimte Desirably, the particles have a

wei ght of at least 0.10 g per 100 particles, nore 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 fromthe

melt phase proce%s’ré g not limted. For exanple, nolten pol yester
pol ymer fromthe A ES gnd ether almbratbaadyarmdeedutﬂﬂagmeahé&]@sed

the ol ten pol y?nér"bgi%“eﬁ?*%ﬁ%A@%C%ﬂé@?ﬁQ@?z@@é&% b6/ 034616  pamp
may be used as t héthignegdiamioeteirabcetitraoie (U, BePapINdea Wﬂ@@tﬁkﬁ)xwamd
pol ymer through t e punp,

pol yest er pol ymer BWIS §- $rEaét ﬁgog§5§%ﬁ3?£"%‘? l7t‘Q/I}3 r{WgEQ)%’ﬁﬂ@KWW) and
extruded t hr ough aulﬂ)re (LbB1 Pam ol ¥,330,6818, %B%%H{

t the extrud | th the di P glgt
o bo. arawn 1 nt 508 867l BHTLIRREORRc A s Pat o4, Goecooa e

ellets, or the oRifcat 8dirb t
gpt | onal | y under m;ier gcg bﬁdgﬁ;tdﬁu zseqi; @ Né ‘g‘% §4-€§$‘?8’n§|$§} No.
filtered to rem)V\% Eﬁrs? 39%9@0@96¢fd§at&!i}5§$ Q.p\ﬁ et N e, bef %@ah@m
cut. Any conventipgaiNh e
a;par atﬁs can be used, ?tr‘\lgau%l:?ﬁ 'ﬁﬁHeﬁgPQﬁrw% r?%ne‘ﬁ@@g@ SCAVERERMS
pel I etizing and s@rﬁd'i%”q aiag @@@frﬂmrdeyandeas pely(cmtprd!ad‘,tgm)

tillat t [ eIIetlzers

Cndervater pel | e heRmBaMeRE: S8b8mdi nd i xduees” adioapisiepeanceany
pol ymer is one whither G%nmw@tmlnoiwmrmvrnﬁ% éEﬁIVEQﬁetﬂ I@ne@?&ﬁj at us

used to crystallize the polyester polyner is not limted
i ncludes thermal crystallization in a gas or liquid. The

crystal lization i melrtpbase proauﬁ‘teig 6838d ¥ 2L e

fluidized bed; ag?n @‘%I‘ %ﬁ@* uid nmovenent; ?éaoﬁgﬂﬁ ggﬂ%ﬁ ed

vessel or pipe: P cles, @qu&u,qﬂystalhzed pellets are preferred. The
shape of the polyester polymer particles is not limited, and can include
regular or irregular shaped discrete particles without limitation on their
dimensions, including stars, spheres, spheroids, globoids, cylindrically
shaped pellsts, conventional pellets, pastilles, and any other shape, but
particles are distinguished from a sheet, film, preforms, strands or fibers,

The number average weight (not to be confused with the number
average molecular weight) of the particles is not particularly I|m1ted‘
Desirably, the particles have a number average weight of at least 0.10 g
per 100 partlcies more preferably greater than 1.0 g per 100 pariicles,
and up to about 100 g per 100 particles.

The method for solidifying the palyester 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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medi um above the T. of the pol yester polyner, preferably at 140C to
190C, or any other nmeans known in the art. Al so, the polynmer may be

strain crysyahhirhssss The polynmer may also be fed to a cr | t
a polyner terrperatare belowits Tg (fromthe gl ass), or%ﬁ%@r%gdfﬁgkma

fed to a crystallizer at a polyner tenperature above its T9. For
exanple, nmolten polymer fromthe nelt phase pol ynerization reactor
may be fed through a die plate and cut underwater, and then ‘

i mediately fed to an underwater thermal crystallization reactor
where the pol yner F¥nP Wﬁ%‘ﬂﬂqdzﬁiﬁjth&mhMDme.to,@li'it/ethmtrio%@h}bolyb@t’er
nol ten pol yner nma dg@n% I . 1.0 belowits T9, and then
fed to an undervva%ber ther'r.%JIgﬁth?%ﬁébﬁeggﬁfHﬁmgﬁpgﬁaétpb@'%lth%ﬁ@'t@ﬂher
sui tabl e cryst al | iPPiSSt Pafyagranas be 6 MO 26MGIOSHMPscrew sxiruder and

PCT/ US2006/ 034616 . r y _be cut in an

convent i onal mnnﬁ;@%ﬁﬁ&%@ %g’?ec%hgﬁyﬁggdwpﬁ@iw Ofd;ﬁo%/@@amcye at
stored, and then &g exinldernedzieAQrcefteroiel t5OHiediH L [ que

i ntegrates the CUEHWi W th %e crgst aIFi zat i anﬂ{?‘y nlyto‘%s‘?%lﬁ ‘%‘gﬁ'ﬁ%%lge
heat energy i npar t&a'T 5\ KL FREACEA Wiy corlfiidsiaas cunimupalitsy @ the
drop bel ow t he T9pbefrareahibe gedky i ; tallized.

I n one integrated s!ol 1 difi catpimgn ﬁﬁ&?ﬁﬂ%ﬁ‘ﬁ@btﬁﬁ%%ﬁgwﬁﬁe
pol ymer is direct BAVEHELAGHME mek is eptionallyfilieredite remave pariitdRies\id s
at hi gh tenper at udesi gspat ; ri ressure swept
away fromthe cut ﬁ[lier@gﬁet h?hﬁf"'&a%ga%ﬁgW$°8hgﬂﬂg?"§§5?fé§eHSﬁZat&nﬂs
to provide resi defEB9MBOE andlieppatetus car s uadd,iidduding bhahs [Fhigs fon

the hot |iquid wadigh regter than the T9 of the
pol ymer and pref erglagf‘ifrﬁﬂtotgﬂ%ﬁ%ﬁé%ﬁﬁg@[ﬂg&er‘; FAVeyRIcE Pefetizieg, er
i s separated froastikaossy, yetat fingmslctizers I%tﬁéc@ﬁ@le&iﬂ@rspﬁﬁﬂéﬁda? are
dried. In anot herpalllaf?zteer raﬂgg% fr | idjfi Cﬁt I on techni que, the nolten
pol yester polyner Is cu g Qellg Barticles are i medi ately
separated fromthe liquid water after cutting, the particles are
dried, and while the particles are still hot and before the

tenperature of tHdegiyastérgsoigthens opelvier Rerdafiatib e The method and
' apparatus used to crystallize the polyester polymer is not limited, and
includes thermal crystallization in a gas or liquid. The crystallization may
occur in & mechanically agitated vessel; a fluidized bed: a bed agitated
by fluid movement; an un-agitated vessel or pipe; crystallized in g liquid
medium above the T, of the polyester polymer, 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 Tg (from the glass), or it may be fedto a’
grystallizer at a polymer temperature above its Tg. For example, molten
polymer 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
crystaliized underwater, Alternatively, the moiten polymer may be cut,
allowed to cool to below its Tg, and then fed to an underwater thermal

crystallization apparatus or any other suitable crystallization apparatus.
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pol ymer and desirably while the particle tenperature is above 140C
the particles are directed fromthe dryer onto a surface or vessel

whi ch al | ojg hiv@spakticles to forma noving bed with a '
sufficient to allowthe latent heat within the particlelge'?%&ﬁd&g‘%m

crystallize the particles wthout the external application of a
heati ng medi um or pressurizing neans. Such a surface or vessel is
desirably an at least partially enclosed vibrating conveyor, such as

is avail abl e frong)gr %okrmlF Kreyenborg GrbH. The degree of
crystallinity is optVGFEE) RAYMBLREY Dot branyt cdnvastiorghharmer, allowed

least 40% The netd coh@sBelbhIBUEL apﬁd,%||gg§r§% i#’%g?ﬁ?%?%@@' ly free

of titaniumcatal yst residues, Tand In on
process, are preferably prepared by adding to the nelt phase a

ol ycondensat i on . . US2006/ 034616 at al yst

(F:)on)s/i sti ngson: y ofﬁ@gﬁ%g%@ﬁﬁﬂ%@ﬁfﬁéﬁﬁ'@eﬂ %#?Eglfﬁ ‘é‘i‘tﬁi‘%&"% the
cor‘rpoungg sg a$q afyelpltiastiominy adt aibm]fg thiskrlat aﬁe@ﬁlﬁl’ggaﬂ&ﬂ i3 th%ngﬂatlsghgﬂ ihd
conpound(s). Tit - al ytic reheat additives e
in(r:TP uded. Thus, gﬁgﬁ%@f&%&ﬁgﬁéﬁ&ﬁ%ﬁwmﬁ el o heferedtha peiymeerds

I accept abl ubambogtiaticed a ' @dﬁdﬁe ' to
aowcog\r/erterpV\Atr}ﬁHII;[ethq n !gg fo? i?}f?ﬁ%@f%ﬁ?aieﬁﬁo?&ﬁg? ecu g'ﬁ'%éﬁggfﬁ?
inthe solid staté. fb?x"ﬁ%ﬁ%?"r@o'i('ﬁ@fﬁi%chd. roughddiet cutrat tirediendlate
h , th i d ursfeaivia oiLded. .Solid
phase e solid ursfea f&&h@ht@ﬁfbe%u%'érﬂﬁ@%t %ﬁrti@é’q %f?“%f‘aﬂ?b(%?ﬁare,

stating is comon| FJ}Jsed for increasing ecu
the 1t.V) of the Sﬁf‘é away fram the cuigter by the: hoteyatesarad thyouph akelicast

St on, cbrt e EIoTRORS VRS O Bl i o
the melt. In onet @,tg;q#%wgtea abh temperature yrestesmdathd 7, bhme'}ﬁilﬁrﬂér“

o oduct . Such_ b oy og aoEieL AT 4 b FelRi SRELRhich S weterdmpepdratod
toners. In addi fPBhthercagbtalizest sartiles ahd thdparisrd 4+ dadh UH atdifel”
color. Organic integrated solidification technique, the molten polyester polymer is cut
underwater, the particles are immediately separated from the liguid
water after cutting, the particies are dried, and while the particles are siill
hot and before the temperature of the particles drops below the T, of the
polymer and desirably while the particle temperature is above 140°C, the
particles are directed from the dryer onto a surface or vesse! which
ailows the particles to form a moving bed with a bed height sufficient to
allow the latent heat within the particles to crystallize the particles
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 fneit phase a polycondensation
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toners, e.g., blue and red organic toners, such as those toners
described in U S Pat. Nos. 5,372,864 and 5, 384,377, which are

i ncor por at egaB¥75 prence in thelr entirety, can be us ‘,’Hl
organi c toners can%b as a prem x composition. TheeP T8 &6’"34616

conposition may be a neat blend of the red and bl ue conpounds or the
conposition may be pre-dissolved or slurried in one of the

pol yester's raw materials, e.g., ethylene glycol. Exanples of reheat
additives (a reheat additive is deenmed a conpound added to the nelt

1 Tt f i ]
o oo bon i SRl BortilB oot & forfeb thy R Svinfff dafiffg
ti tgni um dco![oﬁerI cErﬂpmend(sgthdian pikkli m#tal;mr apla?ﬁ?;m%gbmd containing
oXl| de an e | Ké ear I nfra | 5 es,
“ncl udi ng. but  noCOBBONRSEbF RO TIRPeE PN CH iSSP DAERTIVES AR 1 o
those disclosed i mdhded. AMueNbolestShoBpderdhiade ihsheé ﬁféﬁrpmaé@h@@lngarow

herein by reference. The iron oxide, which is preferably bl ack
used in very finelyagsaniakien A4 gengrationyrate sambe %’b’ﬁ@d QH@EFQV@GQBG@t 200

pm preferably fr %HE@&?@#WHQOJHHQ ne@@fﬁé‘grllc}% ?’H(ﬂ ﬁtt gﬁ’ﬂclﬁrﬂ?@' y

fromabout 0.2 to a m  Sul n oxi de
i ncl ude, but are &old state. t&wmabmgﬁlm@hlghlltt\é mwmme@elbphaa@dthamhd

ovi ey o1 0 be il oy e e HUER RABC S oy (0% YRR o8l
Wley & Sons: IncfomﬂeaSEu@ﬁmnelabisIac\amgb’e(aa?dlﬂﬁi!tN)otfﬂm madeisdsiths fsuslid
f th 1 1 1 . 1

The potveorer poPistan 5, SAEAR00R 1, fe BbARRGS Wiy oG 05

nodi fiers,  surfacé.V.lukgi cant s, denestlng agents, antioxidants,
ultraviolet |ight absorbing agents, colorants, nucleating agents,
ot her reheat rate enhancing aids, sticky bottle additives such as
talc, and fillers and the |like can be included. The conpositions of

the present invenir addition,icerain agemeywhieh icaionizefite polymer can be added to
the melt. In one embodiment, a bluing toner is added fo the melt in
order fo reduce the b* of-the resulting polyester polymer melt phase
product. Such bluing agents include blue inorganic and organic toners.
In addition, red toners can also be used to adjust the a* color. Organic
toners, e.g., blue 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 meilt in contrast to forming a reheat aid in situ) include
activated carbon, carbon black, antimony metal, tin, titanium nitride,
titanium, copper, silver, gold, pa!ladium, platinum, black iron oxide, and
the like, as well as near infrared absorbing dyes, including, but not
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nore UV absorbing conpounds. One exanpl e includes UV absor bi ng
conpounds which are covalently bound to the polyester nolecule as

either a coRBefRissg Side group, or an end group. Suit
absor bi ng conpounds are thermally stable at pol yester p?@c@%’r{muﬁm

tenperatures, absorb in the range of from about 320 nmto about 380
nm and are difficult to extract or nonextractable fromsaid polyner.
The UV absorbi ng conpounds preferably provide | ess than about 20%
nore preferably |ess than about 10% transmttance of UV |ight

having a wavel enghifedio Bd8e Bidtibba®@ b, Fa@dritleetovedi1 wRichiis ﬁxcﬁ?&ﬁ‘a‘ced
mcrons) thick. Suitable chemically reactive UV absorbing conpounds

i ncl ude substi t RYEINRY feENS®Npounds of the formula 67 WO
2007/ 035256 PCT/ US2006/ 034616 R3 R/CO2R2 RI P wherein: Ris .
hydr ogen, al kyl, Fheéason bxidedwhickys prefergbly badksts ussddn velwﬁnely divided

| oal kyl, s bst t ted clo | k kyl ene
gﬁgi n, sﬁch ag po {/ﬁx?/gt fﬂ @"ﬁyd%ﬁ M?ﬁb%ﬁé‘aﬁgﬁ%ﬁpé‘ %‘éﬁh'l to
optional Iy havi ngammﬂwmr@rﬂy}r@@ﬁp@feréﬁﬂyﬁombmﬁ oDtd §bchft5 & D& P
pol ymer chain as %b? \L;)éﬂ" % om copol yner, the poly al kyl'ene
chain having a nu‘%ﬂ & ey of [%kéremoatd%%ﬁ% bqté’ﬁ%;nﬁfd'm' QSH%OSOO to
10, 000; Rl is hydthQﬁéhte‘éhd%aﬁjlﬁH‘ﬁtes'%éﬂ|?é'b§*|ﬁé‘|rnaé/3§l¥%e%ed Such

cycl oal kyl, all of h groups may stit
radi cal whi ch doexidrstateriesegd fon o@mpim Gsrragesd2 M4 of Fflgment

pol yester, such %ﬁaﬁﬁﬂi‘f&gg‘@a aéddlj:ﬁ/hghts'%t Uéﬁﬁﬁﬂle?&fébn g},‘éyl

cycl oal kyl or ary n or Qent's sel ect ed

fromalkyl, SUbStCl)tther components can be added io the compOSItlon of the present
invention to enhance the performance properties of the polyester
polymer. For example, crystallization aids, impact modifiers, surface
lubricants, denesting agents, antioxidants, ultraviolet fight absorbing
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
sither a comonomer, a side group, or an end group. Suitable UV
absorbing compounds are thermaliy stable at polyester processing
temperatures, absorb-in therange 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 having a
wavelength of 370 nm through a bottle wall 12 mils (305 microns) thick.
Suitable chemlcally reactive UV absorbing compounds include
substituted methine compounds of the formula
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al kyl , al koxy, substituted al koxy and hal ogen, and P is cyano, or a
group such as carbanyl, aryl, alkylsulfonyl, arylsulfonyl,

het erocycl i , or aroyl, all of which groups e

substi t ut edﬁ{ Fgﬂ ‘}Tﬁgrred nmet hi ne corrpounds are those of '?Fﬁe/CTg‘b%\(}@mm“
formula wherein: R2 is hydrogen, alkyl, aralkyl, cycloal kyl,

cyanoal kyl, al koxyal kyl, hydroxyal kyl or aryl; Ris selected from
hydrogen; cycloal kyl; cycloal kyl substituted with one or two of

al kyl , al koxy or hal ogen; phenyl; phenyl substituted with 1-3
substituents selected from al kyl, al koxy, hal ogen, 68 WD 2007/ 035256
PCT/ US2006/ 034616 al kanqyl am no, or cyano; straight or branched

| oner al kenyl ; straight branched aIkyI and such al kyl substituted
with 1-3 substituents sellected fromt | ow ng: hal ogen; cyano;
succi ni m do; glut%rinio shthallnldgz’ 2 al i m dino; 2-pyrrolidono;
cycl ohexyl ; phenyROpnt Tt ted wi th al kyl, al koxy, hal ogen,
cyano, or alkylsufannyl, # nyl -1 sul f ¥J acrylanldo; sul fanyl ;
benzoyl sul f oni ci m do; alkylsulﬁﬂnanldo phenyl sul f onam do;

al kenyl car bonyl am no; groups of the formula 0 CGY -N CCH2 O where
Yis -NH, -Nalkyl, -0-, -S, or-CH20O; -S-Rl4; SORCH2CH2SR14;
wherein R14 is al kyl, phenyl, phenyl substituted with hal ogen,

al kyl , al koxy, al ham no, or cyano, pyridyl, pyrimdinyl,
benzoxazol yl, benzim dazol yl, benzot hi azolyl; or groups of the
formulae 1|1 | - R15 -Kis I@dro@dan, alkyl, substituted afkyl, aryl, substituted aryl,

.cycloalkyl, substituted cycloalkyl or alkenyl, or a polyoxyalkylene
chain, such as poiyoxyethyiene or polyoxypropylene polymers,
each optionally having some oxypropylene or oxyethylene units in
the polymer chain as a block or random copolymer, the
polyoxyalkylene chain having a number average molecular welght
ranging from 500 to 10,000;

R'is hydrogen, ora group such as alkyl, aryl, or cycloalkyl, al! of

which groups may be substituted;

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

R%is hydrogen or 1-3 substituents selected from alkyl, substituted
alky!, alkoxy, substituted alkoxy and halogen, aﬁd

P is cyano, ora g'roup such as carbamyl, aryl, alkylsuifonyl,
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, aralkyi,' cycloalkyt, cyanoalkyf, alkoxyaikyl,
hydroxyalkyl or aryl; R is selected from hydrogen; cycloaikyl; cycloalkyl
substituted with one or two of alkyi, alkoxy or halogen; phenyl; phenyl
substituted with 1-3 substituents selected from alkyl, alkoxy, halogen, -
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- NHXR16, -CONR15R15, and - SO2NR15R15; wherein R15 is selected fromH,
aryl, alkyl, and al kyl substituted with hal ogen, phenoxy, aryl, -CN,
cycl oal kyl ,wal sfonyl, alkylthio, or 69 WO 2007/03

PCTI uszooal‘ggfg%@%fkoxy; Xis -CO, -COO, or -S02-, Z'ﬁ(g‘g‘hqf%"“("%“m
selected fromal kyl and al kyl substituted wi th hal ogen, phenoxy,
aryl, cyano, cycloal kyl, al kyl sul fonyl, alkylthio, and al koxy; and
when X is -CO, R16 also can be hydrogen, am no, al kenyl,

al kyl am no, dial kyl am no, arylamno, aryl, or furyl; al koxy al koxy
substituted with gkaneyshimdl lspépénopa%rgmyor b@éncr@&qaﬂéyam&ﬁyﬂtéﬂaﬂ@ﬁ@br
with 1-3 substituents sel ect from al

substituents; andbmnched gimandesuchakipi sulwt@rrtr%sl rvrd%lrba@ybsﬁtuents selected
N-al kyl - N ar vl car hgmthe rolfhyfh il U8 Wdoci i s o bary

N-aryl car banyl , cy c oxazo
2- benzot hi azol yI pfﬁhbhnzipnphthahmwino 2=_|py3rotid¢nn a:@ri:lahexyl,zgr;anyl phenyl

e ool e BV Mo B 9, aro ol |

portions of the varlfowts agwtanmslopambmwx b‘emnyléulﬁ:ﬁmmmrchma&ylsprferﬁmnmty
1-6 carbons, str br anch ha Preferred absor bi
conpounds i ncl ud@"‘?qw&‘gg Qiﬁﬂﬁcﬂb‘)ﬁ}f@mfﬂ?dlg{ﬁ'@? fcg IAir MWAr ogen

or al koxy, R2 is alkyl op a substituted alkyl, and P is cyano. In
this enbodinent, a pref e”red cl ass of substitut ed al kyl is hydroxy
substituted al kyl. A nostii pre ef erred pol yester conposition conprises
fromabout 10 to aboutecg@ pp of the reaction residue of the
conmpound CN HO CH=(C/ CH3 hese conpounds, their methods of
manuf acture and incorporation into polyesters are further disclosed
in US Patent 4,617, 3\7\<1 the di'scl osure

C—-CH:

rr

where Y is —NH—, —N—alkyl, -O—, —S—, or —CH0—; —S-R4;
SO,CH2CH2SRy4; wherein Ry. is alkyl, phenyl, phenyl substituted with
halogen, alkyl, alkoxy, alkanoylamino, or cyano, pyridyl, pyrimidinyi,
benzoxazolyl, benzimidazolyl, benzothiazelyl; or groups of the formulae

IT . T‘—-Rw
"——C\ /CH
N

—NHXR-;S, —CONR15R15, and —SOQNR15R15;
wherein Rys is selected from H, aryl, alkyl, and alky! substituied with
halogen, phenoxy, aryl, ~CN, cycloalky!, alkylsuifonyl, alkylthio, or
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of which is incorporated herein by reference, The UV absorbi ng
conpound(s) may be present in amobunts between about 1 to about 5,000

ppm by wei g@b-opligigEably from about 2 ppmto about 1,5Q0 0 WO
2007/ 035256 PCT/ @8223%6/ 034616 and nore preferably bet m&ﬁ%@qﬁg‘&‘f&‘
and about 500 ppm by weight. Diners of the UV absorbing conpounds
may al so be used. M xtures of two or nore UV absorbi ng conpounds may

be used. Moreover, because the UV absorbing conpounds are reacted
with or copolynerized into the backbone of the polyner, the

resul ting pol yner %ikoﬁ%;?)ﬁi@éécbﬁpl%@d, BF Q8655 ah 'FL,% }éaénéﬁ‘?%’?"ﬁ““eg‘ LR RA

| oss of the UV absor onpound due to pl ateou
vol atilization andkhebsiiubed with &alogendohsnoxy.cargls cparey eyedalkpl, t he

nmelt phase proces v £, qmgy . ge ation, rate

when neasured at %g(g%%ff%@bﬂwygﬁﬁod% re.'g%lkg? 9’528} ppm %?'%Jels@?—’oﬂr{mﬂs%ﬁﬂq‘

or less, or 16 pphediydiagss, aminol alkepyh alkylaeds, diatkyldrhinepErnyamines aryl,0r

10 ppmor less, o p A LArogcess of the invention does

not require melti ég%trﬂégﬂﬁ%h’ﬁ@ﬁ%gg SQ&%@%@:W' rCYENEOh GKOLY: RISNOXKOr

mol ded articles. phéreoxyldubstitrted witasdr tisetiiueasnsbiddtenfront @k@dalkoxy, or
t

t hroughout this dgscripti t hese measurenent conditions are no
required to be a ﬁ%’ e@?”?ﬁ@”%&%@ﬂ"bed feature or property of the

pol ymer or oper aPiifgys))dhtd |, Ny £ me or
reference to det rrri¥1 V\hetr?gﬁy a pgyﬁwgﬂm&%&@ g\g%?ﬁ;r??érg%}ésess
the feature, regdMifiEdyicarbamy; Nel-aliyiandearbpeyh oi-grtearbamplc Nuaydla-
made or processednhgyfie e j SHlk : it d L
condi tions of 295}&: for_lﬁ%m{]n!f ﬁﬁ/ﬁ?gﬁ%r%g%ﬂtﬁ@’ @E@%}aﬁgﬂ%@%g@%lyl,
extrusi on pl ast onbBdrthiadigaal-etyinhdd-exediazol2yy diylsutioags aptaliidnylrmt
melt pol yester al AR i nstant'aneously. Mni-injectors have nore
shear, nelt polyester al nost instantaneously, and wll require

m | der conditions to produce about the sane |level of AA For

A e e B S
portions of the various groups contain from 1-10 carbons, preferably 1-6
carbons, straight or-branched chain. Preferred UV absorbing compounds
include those where R and R' are hydrogen, R® is hydrogen or alkoxy,
R?is alkyl or a substituted alkyl, and P is eyano. 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

' CN
HO—QCH:C< _

CO,CH,

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

compound(s) may be present in amounts between about 1 to about

5,000 ppm by weight, preferably from about 2 pprﬁ to about 1,500 ppm,
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for 5 minutes than a CEAST extrusion plastoneter does after
processing at 295C for 5 mnutes. |In another enbodinent, the |evel

of AA | evel i Leles, such as in a preform(e.g. 20 9 5(%]:004{6?2’
is 11 ppm O\ryblrbg@cfskz‘élrs 9 ppmor less, or 7 71 WO 2007/ OM /03

PCT/ US2006/ 034616 ppmor less, or 5 ppmor less, or 4 ppm Wth
respect to a 20 oz. preform prefornms are nolded with an injection
nol di ng machine barrel tenperature of 275C to 290C, or at about 285C
and a polyner nelt residence tine of approximately 2 m nutes or

less. Solely for tagt A5 DR SR 1B LDSEE bbby RLELDY
I’Yg.ifli ne is yI I ned %ﬂmg]%iﬁgréfe?o gglel _ece?i% prefagp%?opor t@gtl ﬁ{;w @hat
is, the first 30 dliowess obthe W sbsarbisg compoandes imgiytalembe tgedmMiktures of

Twenty successive i.nql.e ity nold,
(e ohe wi L h & he. 1y oo oo WA EEhPRunde e Bl fike” Wiioktr 50
preforns, five ar&eraugioliiey)d abswrbing compuinds mroremcteabwitlf bwe nore are

future orinding asibreeledis® e Hestite oTRE robitodnfesRsiung Goldies
preforms in the fdéepirimpnovdd prbes/ssab]gzityquciuam;g redgliﬁl?@l%n\élgés ?’Fr]ﬁhieﬁjvu?dnot
ni trogen. The ent FRETRIEHGIou B AP RIBou SR G piategios. ansl horike.
five preforms in the first bag are cryogenically ground, and two

anples are withdrawn for residual or free AA testing. Aft_er _

Sr irrﬁdi ng, sanpl eé_ grelid panieler eprducad inigemeltphaseumiosdssiprefesalily have an
test free AA ThegcdthMBhdEHaNd 'dﬂa%é}@vp%ﬁ%@%ug?@?ﬁ%?ﬁrféflpfg’%'&mlﬁgé,lc}f
ground, and two sanples’are w thdrawn for residual "or Tree

testing. The sanpP@PPEI@ lessor 48 pparordSsVoF26 parY less of h3 panvoriess,

Pr e ancon o i TR AT Bl BB o B bl

or less, or 7 ppniherinverdisn does Sopreouios mettig, the bartidleRe5°d £%% minutes
to make molded articles. Like ail other measurement conditions stated
throughout this description, these measurement conditions are not
required to be a part of the described feature or property of the polymer or |
operating condition, and are only stated as a frame or reference to
determine whether a polymer does or does not possess the feature,
regardless of whether or not the polymer is actually made or processed
under the described measurement conditions. The conditions of 205°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 héve 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 & 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 @ ppm or less, or 7
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The free AA can be neasured on solid particles or preforns. The
met hod used to determ ne the |level of free AAin the pol yester

polymer ¢ )L is the test nmethod ASTM # F2013- 00. i S test
ot hod i s THROMIBERS (35006 Porl USE006; 034616 used 1o ROUSARs
| evel of free acetal dehyde in particles, powders, preforns, bottles,
and any other formthe pol yester polyner conposition my take. For

pur poses of neasuring residual or free acetal dehyde, the sanple is
tested according to the nethod descri bed bel ow. The test procedure

for measuring the dpevet ee§, dr@ﬁarﬁ@ﬂe’ébﬂ@*ﬂ’?ﬁm@%ﬁh r%%%ﬁétg;ﬁ?{ggkher a

preform pellet, pov¥1|er, or other formis e ASTM test
met hod. Sanpl es aPESOMofERIER arg mpldrshwith Bndnigeticn mukingymithine barrel
equi pped with a 1it8n o b jal . has a
particle size |ess.than B%Sﬁ:g?na %\%d; Pbﬁ'l %%@ﬂgg%gﬁgr%_af@ly&eri rgelt
wei ghed into a 20 p8idenRcedine at apprp¥mataly 2inidutescbriéen heated at 150
C for sixty mnutes. After heating, the gas above the seal ed sanple
of PET polyner is injected onto a capillary GC colum. The

acet al dehyde is Sefrly frdéektingrinpdses ppmreforme cthalidlebsttemBlditEMachie is
the sanple is theﬂnec??ilt%}q?&ed;[ T?e a%nt f acetal dehyde cal cul ated
represents the anoun Q, Golfscting reiorms iof tasling dhatis: fhedkeiio shots

the sanple. For neesdistarded fer reibial @Oy HRcafRETRE [

prefornms, it is suffi cit%gt to usg t hi @ASTM%E%E%%%I%@%%WS

described above @M% tRGE Jﬁir@é‘_ﬁmﬂjﬁ ERdty freldothesoneowith ther higestfed test
hi story since by-késuﬁslﬁisﬁfrjcanﬁ!@ﬂﬁeQO%&B%&E%% %ch!o‘?ﬁlg ﬁfe%téfﬁotgecg
I'di ng. By meFt extrudi ng o :

in an extruder prjor to injection no
i nj ection nol di ng!" 98 BA% Eie Srs arerandemlyeslgated forgbtinthanetherdag, and

OEPe i by hoasoroaie RS I ol AL I DA 0.

of measuring the ¢¥eealicRiniakeeyemnfoms irthe tieezerunti thdyasretposrsier go

?s S gg 8 E?ege;ts P LZﬁ@?%g&%ﬁ%{ig nhlpg%sgﬁ%ﬂt F’Hglat%egl%%%ﬁée, ?I;[ee;gre?c%&usf éa}'(e:ztcllj’lril lod”
in liquid nitrogen. The entire preform is ground up, per ASTM F2013-00.
The five preforms in the first bag are crybgenicaily ground, and two
samples are withdrawn for residual or freé AA testing. After grinding,
samples should 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 particies fed to a melt

processing zone is 10 ppm or less, or 7 ppm or less, or 5 ppm or less, or
3 ppm or 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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in order to determne the | evel of acetal dehyde generated. If the
sanple is a particle or powder which has not undergone a nelt step

in additio t bor nelt phase pol ycondensation ste S | e
s first truQdast e 5007/ 035256 PCT) US2006/ 034616 agpc%‘l/ﬁsielﬂ‘&%{’n‘g‘”
the Sanpl e Preparation procedure described below, after which the

sanple is submtted to the ASTM # F2013-00 test nethod for analysis.

Sanpl e Preparation: For the purpose of neasuring the acetal dehyde
generation rate, and if the sanple manufactured exclusively in the

melt phase has n en I i S ;

pol ycondensati on, glg?g?%mﬁgﬁ%%rt@%l%é’%!:%fylen%@%lgg ﬁ)(r}}se '@a@é&%%@rﬁ% G
subm tting the sappdferrhg boltesA&Td/aty 6bét RxrH0theqslyesBampoheserafomposition
ol ymer powder groun 0 pass a 3 screen are heated in ove t
D05 hnder wacuontiBaaks P tigosed SimessyrReRes A bger Terguorge: e
lleast 48 h. Al t hodgpryignedted besndingdo Wb inéifRl datctibéd Balow.or wat er
renoval al one, which is all that is needed for solid-stated sanples,

this extended oven treatnment also serves to desorb to about | ppm or

less the resi dualAodisslurd forSadikil HfeDiffeotktidehyde on a

nmel t - phase-only sy I's and prior generation testing.
pel | ets have not baeple, sthethepedreisror peletdardaroat otber fore is &g 48EM AA

(target: | ppm or | S NE t @ IR rom
the pellets. Pell gkg?%gg t%get m%tb%ﬂ.nﬁ(éﬁ@?%;%rg cgy m%@%pg@n pr |L% to
resi dual AA renov&Vileyridié eqtipped ewtindi 1 i0onsshdesreenbBee i geourid material

grinding is not dgne, it.would.ta | e Lor requl |
Penperatur e to debts B RRifEEgr o Frp AOTEM. AP En GEfimBieIg Rt
| ess, due to the heigied imord 20-he. beamdsidcendsll schiléd aad tven hedtbd at ABY
sui tabl e acet al depyde devol.ati zation technique can be, enp] oyed gn
particles which rgég%rg%ﬂvﬁ'@"‘l‘t&%ﬁf@f hﬁt&g' il %ﬁ@eég%?dt%nﬁﬁﬁﬂ
1 ppmor less, inp e BBis $mjBstel Wntd ARABIIATGO\BuntMETh atétakled§de
for atine period sufficient to reduce the residual acetal dehyde
is separated, and the ppm of acetaldehyde present in the sample is then
calculated. The amount of acetaldehyde calculated represents the

amount of free or residual acetaldehyde present in the sample.

For measuring the acetaldehyde generation rate on preforms, it is
sufficient to use this 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 meit have the opportunity to covert to acetaldehyde.

The acetaldehyde generation rate can be measured on the solid
particies. However, for purposes of measuring the acetaldehyde
generation, the sample has to undergo a éeg:ond melt history (where the
melt-phase poiyester 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 phasei polycondensation step, the sample is first treated
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to the desired |evel. Preferably, the acetal dehyde devol ati zation
tenperature should not exceed 165C, or nore preferably, Inot exccra]ed
160C, or ey, eferably, not exceed 150C. The sanple is then
packed in ‘%grzg(ﬁ] ng?zgé Tini us” O sen extrusion plastonet erPqJé¥5HfPe434616
steel rod. The orifice die is calibrated according to ASTM D 1238. A
smal | 74 WO 2007/ 035256 PCT/ US2006/ 034616 amount of material is
purged out the bottom which is then plugged. The piston rod
assenbly is put in th of the barrel. A 225 g weight may be

pl aced on top of c’f@?@r@ngﬁ%m%@nm@ Hreparatior prangddmmiescrisbd ecloiy, tdfter

barrel. The pol ynghich$hd t: I b plug is
then renoved from['?he bgét"ﬁ %1358@@9@%??}5@@@%#;26{3 b%%ﬂ od ey
operator pressurdlalygsid extrudate is pushed out of the barrel into an

ice water bath. The extrudate is patted dry, sealed in a bag and
placed in a freezer until the ASTM# F2013-00 test is perforned.

Al ternatively, a SEEASE Fhfedm’atlé'lﬁ}ZFométﬂu@{ﬁod%ﬁmEéé%WnP@ﬁé éH&smehg&e

used. An AA gene initiated that wlT maintain

r ram,l
tenperature of 2&%&%‘9@%&’9 aBQﬂ eisampie manyiagturedrexalusivelnin the rBelt
mnutes at a conghase hakewt é@éreamlﬂﬁétba%asgq&%ﬁ t% ge0f the

I nstrunent. As the, extrudate i s, pushed out o and into an
ice water bath, POEORYRREIONST (sdireRsyed @ccergingsto tﬂlsynetbadlpedr tn a bag

and placed in asﬁbmﬁg t%dﬁplb@@t@%&”fﬁ #fggéfsngg\ﬁsgs%ﬁ g{asor med.

Acet al dehyde can be generated in t
Model 7027 mduPQW%lmwpbW%mdatwaw &id am soreenaicoiicftb@ &t ANBVER at

Lhe it o ed T unet 1 pacer LA (G0 hrBH WEEA 4 SorBifrolen awperoyainy

the automated functions of
mai nt ai ni ng conslesstAd hcd’d&haugh pveraight dry|rig1ﬁop]qlngmjff¢,g§;ﬂfgm5{y;

autommt ed  packt Ei Ot B boRH Sen TR Rpchdeddor eole tate sorueainie.

The i nstrunent iextesded pperdtrastient asbtseiiesad deksait BBl *op bt 1eBYSh

the material outyof the  \a present in the high IV powder after melt-phase-only

. synthesis and prior to AA generation testing. If pellets have not been

stripped beforehand of most of the residual AA (target: 1 ppm or less), it
is necessary to desorb residual AA from the pellets. Pellets can be
ground to pass a 2 mm screen prior to residual AA removal 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, ot 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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barrel until the piston is at a specified height above the bottom of
the barrel. The platformw ||l then hold the piston rod in place,

al | owi ng th@olzﬁ(gﬁ)hﬁsgo heat up and generate acetal dehydq,cn@%@‘g&s%?ﬁd

of the specified hold tine, the platformextrudes the re

the resin out of the barrel while traveling at a constant speed.
These steps elinmnate the possibility of variability in results from
packing the material through the 75 WO 2007/ 035256 PCT/ US2006/ 034616
final extrusion step. Variability in |oading the polynmer is reduced
with the design amouhkofmatesdlis putgedaad ttegbatfont,Wehia lstRBR pidydaat The

aut omat ed. Acet al can_ b enerated in the above nanner Over a
t emperat ure rang eﬁ%g@@@g @Sﬁf“@ﬁ g?:?”ﬁ‘ﬂéh‘?ﬁ%’t of tbp BpRele A28 Weight may

obt ai ned bet ween Wﬁ@caﬂdniﬂﬁ&th@%tbﬁ?ﬁﬁ iRfid Eﬂé%gtdgﬁﬁ{ iﬁgid%dgﬁqée‘g' d

i nside the barrel shciT\Qfl?%oo resul'ts when between

The range of 5 t PHE pl¥mentsReld a29e6tor b peiat Bis diifiop plud is then
di stinction betvwesbveaHRm MHehotls ] | rs. stated
for this invention, 295C and 5 mﬁ{nﬂﬁtgg béﬁ?@%é?%%@‘ﬁ%ﬂ?ﬁ%p%a‘%od
of acetal dehyde J¥REFHE HA exitddateds pushesl duhed tHeobarred dnte emi iog weiter bath.

pol yester resins fiy .on W t hout needi | ar ge.
anounts of materi al ?%ﬁ.ﬁfg\fjéa atlgr?g’?'s%géﬁba{garﬂﬂgoﬁ'@lﬁ?efﬁ‘cﬁﬁ”g%zer” til
preforms. As |ittthe ASSM8E F04B00dksmperfomhedray be used in this
process, naking it ideal for testing |aboratory sanples. In the

I nvention, it is now possible to provide a feed of pol yester polyner
particles nade wAllemativslyl a CEAST dlgael WM@@&IEPMGHCFI@NW%WHW%
[ i ng) having both

melt processing, step A0, extrusion/injection nolding

| ow resi dual acé%g&'d%ﬁ%\egeé"r‘?ﬂa@”l Ripebrisdniategddbaigeil enainiaimar at e.

Advant ageous! y, _téporirt ophos BROGNICHH R the MRAPHRLALRRI £ ©! o5
pro

no | onger has to he controlled nor restricted to the | ow tion

tenperatures to Bredige &t asangtast igw pate pawieliped in thedismnave ofithe | ow
| evel of resi duainmﬁ@t-mge&lﬁe@g?@% BBMed d R 8y ae Rl > &1 ice

pol ymer particle havi n% a |l ow
water bath, the sample is collected, patted dry, sealed in a bag and

placed in a freezer until the ASTM # F2013-00 test is performed.

Acetaldehyde can be generated in polyester resins with the Ceast Mode]
7027 Modular Melt Flow or any similar extrusion plastometer
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 platiorm that will push the material out of the
barrel until the piston s 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. Atthe end of the specified
hold time, the platiorm 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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resi dual acetal dehyde and a | ow acet al dehyde generati on can now be
obtained froma nelt phase production of the polyester polyner with

an accept r.oughput or production rate. By this nethod, a
robust nel f‘gbgf%@?@%ﬁgoducti on process wth wi de processifd/{izpeads14 s

feasible in which the addition of an acetal dehyde scavenger is not
necessary nor desirable, which allows for the use of an

al um nunf al kali netal or alkaline 76 WO 2007/ 035256 PCT/ US20061034616
earth catal yst conposition, and permts the advancenent of the

pol yester pol ynefindl @xiusibgBtdpt -WariaBitydigdeading thegblymer is reduced with the

alum nunt al kali or alkalin earth nmetal catalyst such that the
conver si on of ace@%ﬁ‘%ﬁi@'@%@“@g@uﬁ@@g'”gﬁ&e H@‘g’”@ééﬁﬁm@éﬁ‘?@ﬁww in

t he subsequent transfer piping after the vacuum has been released in
the nelt-phase-only manufacturing process and during subsequent nelt
processing, particles fit for nmaking prefornms can be provided to an

e et an by nIACBEHIERGIBAFLE G- indfE LMo Ak 3PCT

| owered, as by way o I ppi ng. ¥I'n" an enbodi e er pol yner
particl es havi ng tempergtuterangewP6oTC tar 335°Gu alheamestadahelsferd résuls apm

esi dual acet al dcNyARCHRICTLRALC e oo T B b ot s N Bri LS

mel t phase producihside tixs bagsissholWaeyootiessulisalharc bétalcdaPyaled 15 efetesi n

the particles is further reduced b convenfi onal nmeans_or by a. .
preferred means a %@g@ﬁq@&og@ﬂa\wﬁt# owg “t‘l??PSUFP?%@EUFEVa@“Jd'St'“Ct‘O"
acet al dehyde in th@weeh intht®fdlS. FdréiSe AR JeRduRm Mimbdrs SRAEA AR INEL her
that solid state polynerization processes which are expensive and

result in signifiB¥RtionpPdRE and wanigues xeransetent . Desirably, the
resi dual acetal dehyde in the solid particles are reduced in the
solid state to a |level of 3 ppmor |less without increasing the It.V.
of the particl esUsgohibisanetigd of aogalgiehyde paneration and éestingfaliows dor

enbodi nent, the f ?‘315 e i .0 0 order

to reduce their I%@ée%r{"gé 818%@@%5 eﬁ@géﬁj %%?al@%%%e%g%@oﬁ?ﬂ%@&t

subj ected to sol inkestirat largeohpoents phiriaterial for evaluations such as molding of
bottle preforms. As little as 10 grams of material may be used in this
process, making it ideal for testing laboratory samples.

In the invention, it is now possible to provide a feed of polyester polymer
particles made without solid state polymerization to a subsequent melt
processing step (e.g. extrusion/injection molding) having both low residual
acetaldehyde and a low acetaldehyde generation rate. Advantageously,
the meit 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 acstaldehyde 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 allows for the use of an aluminum/alkali metal or alkaline,
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techni ques which result in advancing the It.V. of the particles nore
than 0.03 dL/g. Mire. preferably, the |l evel of residual acetal dehyde
in the soli lLgcles is reduced to a level of 2 ppmaor.less. An
conventi ona Otzg‘g’?l&n#zghe for reducing the acetal dehyde in WéU%gqﬁfo?‘@{(és
is suitable other than solid state polynerization techni ques and
preferably other than by renelting/devol atization. For exanple, the
vacuum procedure described previously as part of the sanple
preparation forthe 77 WD 2007/ 035256 PCT/ US2006/ 034616 AA generati on

rate test would b@aﬁ#hét@'}%ﬁcon%ﬂiohtaﬁm\gé?@?rLtf). Egve;rﬁ?g%gk ble{h%j&)r%{eﬁgeir

however, on a larger sca a 'vessel prace Ven.
t echni que to redupeymeetd high [0¥. Bydeattatiyglthe aiumviuindzikali of slkalme

wi t hout advanci ng ' a ight beyond 0.03 dl/qg i,s referred

to herein as ace?éﬁhﬁ%ﬁéiﬁﬁtﬁgf)%ﬁ&? ?Wgrs}%qﬁ?%ﬁypgﬂ%ﬁ?om

acet al dehyde of t dessaotioccliress n'eadiyeidlﬂwmmq%ﬁﬁtr@?ﬁfér@ﬂ)iﬁ@l@ﬁéﬁh% icles
in the vessel, an

into a vessel to forma bed of particles .
contacting the beHih W%b%qq@ﬁ%ﬁﬁ "’g%@ m%lrft’ﬁ’f@ﬁf&(,‘g@’ manyfaghying ygpess
rate not exceedi ngndddding sebisbhredt W@c@sir@?b%ﬂtiﬁlé@%ﬁ%h% prefiitths

wi thdrawi ng finished particles fromthe vessel having a |

amount of resi duafarieRPrviger e an inigctigngaeldisgmagbineongsaesidush, a gas
such as air or angihgnt Ht | ted with the
pol yester pol ymsra peg@t i I?:’%%?%i t gﬁé\’(\:’%@a’c{ﬁ%ﬁ?y%;g@%ﬁ@ér current,
pref erably count eincirerahediment, pelyestenpolfymenhpartigas havihgs, vary loav legsiss|

process. The. t enpiesares LA eiEBIE 3 rndl SNt By rERR eI R bhase-
bl ot £o 180G, bt pr Bl erably TTam ant ent - 16 To ar ap o about
50C, or up to ab%%til&%%ae nﬁ%?@"ﬁﬁéf&ﬁ%‘ﬁ]a&?‘e ngﬁﬂf%ﬁ’g.s' tgﬁe
tenperature. of tiesidgalsacetidéHide iPhssent ini B pPAEICKSIS Rirthel FeduRBRLYXi mat e
the tenperature of the pellets introduced into the vessel. Thus, if

particles are i nt oSG aLmeanyprdy 8 Reefared meahp ap desprbegibalow Thes
wi Il be about 10Qmdurt ofAsidual acetaldehyde in the solid particles is reduced by

techniques other that solid state polymerization processes which are
expensive and result in significant molecular weight advancement.
Desirably, the residual acetaldehyde in the solid particles are reduced in
the solid state to a evel of 3 ppm or less without increasing the It.V. of the
particles by more than 0.03 dL/g. In this more prefetred embodiment, the
particles are not remelted and devolatized in order to reduce their level of
acetaldehyde, nor are the particles subjected to solid state polymerization
technigues 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
particles 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 example, the vacuum

procedure described previously as part of the sample preparation for the
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The tenperature of the gas exiting the vessel should not exceed a
tenperature at V\/nich t he nol ecul ar wei ght of the particles is
advanced '\5\‘1029 ﬁd state by nore than 0.03 dL/g. The residence
time of the' Ogart s depends on the starting |evel of WEVR04034&x¢

t he gas terrperature and particle nmass/gas ratio, but in general, the
residence tinme ranges fromO0.5 hour to 20 hours. The gas corrposition
Is not particularly limted, and includes nitrogen, carbon dioxide,

or anbient air. The gas does not need to be dri ed, since the
function of the g%/égﬁaerﬁa@nfﬁemtm@dwsmsmenmmsmr@ﬁ%péuets

dry the pellets f t he |l ets.

desired, homve?ﬁﬁ“{éﬁ%r ?nrasél Ir%a glgh eéée\[/\wgmg Bfé'gél?q ?)‘fﬁrhg of
acetaldehyde may al so occur in the dryer feedlng t he eerude{ for
making an articl e, ed t er wt o]
particles already R dé@eﬂgécrg{iﬁo gll'(’@gt © ‘Js]":?‘i?g%l‘%/ ehyeletin sak Qﬁ%deﬁn
order to reduce t\fﬂéiogaad\fdmiNgliEadmoIechm\n!éigfﬁbe?d‘rﬁi' @DS'dTIF{j’i@\foe%i&o

quality of the articles m t he, extruder.” Moreover,” in an
stripping procesd® rﬂpﬁsﬁggfd?hﬂa? s{rigginer @d’tt“é ragthog, theeesidudlr om t he
particles, wher eageialtichyds F e rﬁ&&s@ rbgﬁﬁlﬂr

ci rcul at ed through t he ydart | cld(i rl'mg? t Cgjuce g'[tﬁg p%{l!;fICIS%SdFIE) dn

or inthe partid gsel Wf%ﬂ%%ee%@mm@w&rmm vapseh aindlcsntactmp tertged
e T

preferably I s used as the pr ng ne
| overs resi dual ﬁ&ﬁ%?@f@ouﬂﬂ@mﬁdﬁlnqrhOpalahd(wiﬂhdra‘ang\MﬁBh@@ bARles

o i £ e SOESOTER Ao R e B Bt
| ow residual AA, such as 10 ppm or less or 5 ppmor less, and to
(9190 2, SoPar 2t e Py b B s etk o LA ko, o
less in. the dr yBltrogeRdh eentadted MithrtHe polyEer B@@hﬁg a1y ditel @o- Dr ver
tenperature, gascurrerw or%lgﬁ }nt%?&?}engt >;)I?cgﬁ-:‘r(?lanb?ly éc?usr{tercurrgnt to the flow of the
particles, in a vessel in a continuous or batchwise process, preferably a
continuous process. The temperature of the gas introduced into the AA
stripping vessel is not particularly limited, and can range from ambient to
180°C, but preferably from ambient to 70°C, or up to about 50°C, or up
to about 40°C, and more preferably about ambient. The 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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time will inpact the efficacy of AA stripping in the dryer feeding
the extruder for making an article. In an enbodi nent, particles

havi ng an | < | east 0.68 dL/g and a degree of crystallinity
within a ra‘kng\ez/mg@gbfgimto 55% and have a residual acet aﬁ’ R

of 3 ppmor nore, or 10 ppmor nore, or 20 ppmor nore, or 30 ppm or
nore, or 40 ppmor nore are fed to a vessel, preferably through the
upper end of a vessel, as hot particles (e.g. 100Cto 1800 to

i ncrease the efficiency of AA stripping and forma bed of pellets

flowi ng by gravi tyrytipaveelbts 19 PSRl 7
20071035256 PCT/ US O%OS%??%@??@ cé&%ti%ﬁpr{éfé%lfét?'l gv(\j/\égye%as
such as anbi ent ah9wever.dhe gap shabe dhiedbugh the bed, said gas
introduced into the vessel at a tenperature ranging from anbient
conditions to 70C, or fromanbient to 40C, to thereby reduce the

| evel of residualWhile gas stigpipgrafiacetaidehyte athycalsb botur in thedres &ﬁid-irbg

The particles ar ] r t he ssel w thin ahout . O. to 2
hourg of their |ﬁp gggﬁ@#?ﬁr %‘ﬁ?@gt%ea'ﬁglﬁnf@r%ﬁ ¢ tog?‘?‘ig}ﬁ %Web‘é@h
Wi | e the vessel pelymérepatidss aireadychaving 3 BpT Gfiesabl nesitilal BEAERILA| ST

t by th t f th flow. Th I
o rably oper at 0 OHIST bISGCE Tee FER HON SsEa eineren aster Sove ecve

of ‘resi dual acet ajudblycdthepareiReimade ROWIAE RAUAIC MBELUBSS AR | ©! es
is preferably 5 ps?rm or less, or 3 ppmor |ess, or ppmor Tess, or

1.5 ppmor | ess. STIRPIGREFES: dnagnsisdiot sequitadde isirintherAA lom the t he
ticl fed t IhBRd j j ] t
particles fed topahRig Whemdwnﬁgggt%ée% Q%{Sr?g%l? LMo IE{)cﬁ’@lﬁPe?

melt phase pol ycondensation and dea ation a i zat’ion
invention i s geffdPHON {hepasieles primariy, todeddcepihmnooistune en ovin #@& ppm or

anot her _enbod meat ot he oo adiR Bue B ptd PP e fReipie T

| evel s of the p&niAd strippingrhracesshembient pivicag beeswigprefndbly iOESed as

?X:o :) Im ngO£ hgt Vlez 2 g—[e éf@p%%%nieﬁﬁfﬁ gin%g Bis ?l{ve%%ioé %%\;Setrs ?eé?gtggl A?e{ ie%lsl cast
dramatically, particularly when optimal P:M MR, low polycondensation
temperatures, low aluminum levels and low M:Al MR are used, it may
be possible to make particles having low residual AA, such as 10 ppm
or less or 5 ppm or less, and fo forgo a separate AA stripping step or
solid state polymerization step. The residual AA from such products 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/fgand a
degree of crystallinity within a range of 20% to 55% and have 3 residual
acetaldehyde level of 3 ppm or more, or 10 ppm or moré, or 20 ppm or
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 peliets flowing by gravity toward the bottom end of the vessel
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20 ppmor nore, or 30 ppmor nore. The gas can be introduced into the
vessel by any conventional neans, such as by a bl ower, fans, punps
and the IiK? »IPf:98s may flow co- current to or countercurrent to
across the TPowW ofF particles through the vessel. The p#@?@#?@ﬁmrraw
of gas through the bed of particles is countercurrent to the particle
fl ow through the bed. The gas can be introduced at any desired point
on the vessel effective to lower the |evel of acetal dehyde in the
particles exiting the vessel as conpared to those fed to the vessel.
Preferably, the g#dil¢ gt caiecuganiyiwef gas sushtdsearhbiast air lsatifcutsfted he

bed height in the re.p |, ower,' / 80 WD
2007/ 035256 PCT/ u@@%@f%@%sg@fﬁs @%ggg%e%%ﬁet‘)% el P& tempgiature
t hrough at | east wanging from aurﬁblerhte:qudrtrbnstce?omdarfrprreémb@nlib4(bﬁ0)tﬁgh

0
2 b o™t et st el R ouH GO o AP bt e
i nvention, such amearefsselcamieq:mrﬂd:!@%bf&ﬁurtlﬁ?ﬁwﬂﬁ%@ﬂ@%ee&%ﬂhrﬁ%@ﬁt G5
nor e preferred th readi |y avail able and having

hers ue to &el n
| ow cost. For exa% hoyr of Hgdr igirodyctiop dntadhe edrmersuTreBlireann of gas.
l'ead to signifi canthilenes ddsepcaPss réaénﬁfm% refépfab tﬁﬁeés%\‘ﬁgdt hat

the use of nitrogen gas was requrre in op era | ons ass a hot
flow of gas t hr oerIePhby e pespyetreated erfn ﬁ@rﬁﬁ@rf@bnw'ﬁm ‘a&maeelswoc

such as in a pr el GoraBl 28R C6 pel EPURSI bRy S [neTl o

t he oxidative reactio resulting in dir'sc 1'0n, which .
woul d ot herw se occur betmeen many pol yester polyners and t he oxygen

hat the gae  exi [Trg Erel oHelaRRABe Rt 4R OR kN fupgsa *°"

di scoloration is paﬂlmiemszmdferaMyﬁrmeUb@dsmrﬁ ppmrmw@%soegrp,bm @,5|e§§ss
t han 90 vol une

| ess than 80 vol et é’/oDR ‘?rdﬁﬁ'r + Feé(ﬁld% gf‘]gm%ﬁyn éﬁnﬂgégqjﬁgn the
cont ai ns oxygen Ip?arﬁ‘tlsles oty nhe efriphihgdvesed%ael bERGRbidiIREd #of Pk (ALE at
ambi ent composit Ip%résr(:z po?ycondensatron and deactl\ratron/stabll|zat|on of this invention is
generally 3 ppm or more, or 5 ppm or more, or 10 ppm or more or 20
ppm or more, or 30 ppm or more, or 40 ppm or more. in another
-embodiment, the difference in the residual acetaldehyde Ievele of the
pellets entering the stripping vessel and those exiting the vessel is at
least 2 ppm, or at least 4 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 info the vesse! 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 exitihg the vessel as compared to those
fed to the vessel. Preferably, the gas introduction point is to the lower
half of the bed herght in the vessel, and more preferably to the iower %
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conposition of the air at the plant site on which the vessel is
| ocated), or air which is not separated or purified, is preferred.

Desirably, wghi@mss»aér is fed through the gas inlet. Wjde dhe ail
can be dried if desired, it is not necessary to dry the air since

the object is to renove acetal dehyde 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 exanple, there is

provi ded a vessel having at least an inlet for gas, and inlet for the

pol yester pol ymersfpad bé&héiﬁht. amegad Bdwd Braldreatdasst aapsHian oothd girticler
the finished particles. The vessel is greferab{;y insul ated to ret I|n
heat. The gas i rieg pegferaplydhioughshiapshal velame Guafithe bﬁgemﬂ&l?ﬁeﬁ%'ﬁsy

| ocated below th tHG kb €t r hE D
the gas out Lot - anyoRaR RREGETT AN iaPaliel U BINfe i AnPes B HOF
i nl et being t owangetihthe ipgention;, hiech/as gl casipen divaidgasnd pitwgeandome

finished parti cl I | t t : T,
gas is desirabl sgagﬁ% Iag%la@gédgééﬁérgé{%%ngg@e r%%@%ﬁﬁ‘o? {Tg 'J\%ggnssg?c\%z% ble 2o
about' /2 or nor e hatirg) lowlzogt, dForadxauipld, liee LUsswef aiyatbér thae nifeatemeiaid
top of the vesseleadiiteinBiErspreirhurel FEre Rt Ut lbhrorAet bt e
whi l e the gas prefserdbitiogehQas waoaURES W dtitidrs witieh gaseathiotflowfof
the particle flow. The particles accunulate within the vessel to

forma bed of padEsAREsgh et Mlerapligies & %Qpe@tlﬁ(ﬂsﬁhﬂ’ﬂgél@ﬂgédﬁm 3578
length of the VeSasﬁr'ehgé(ﬁeQB%(ngﬁsétg@ﬁ,g&ﬁPéé‘hﬁl*fb@tgn li@ﬁl,éﬁ:'tﬁ kife gig%iéflﬁse at

the bottom of the vessel. The [ ght is not [imted, t
preferably at a se®eioast ieatilting dopelieidiscaleration, which weid othaswise occur

Phe. particles wlkras] REREplyeses pohtet ol tie BolERSear Al 126
an aspect rati o Hdvizvef, ltkdepirgt the procesatieinpersturs lowsuab thatdee ges
whi ch as-t he- par SFEEn SegiencHEs AP oo dShie iaE MesPRiEbrE, ue
passed through t heinkeidedf In one embodiment, the gas contains less than 90 volume
% nitrogen, or less than 85 volume % nitrogen, or less than 80 volume
% nitrogen. In another embodiment, the gas contains oxygen in an
amount of 17.5 vol% or more. The use of air at ambient composition (the
composition of the air at the plant site on which the vessel is located), or
air which is not separated or purified, is preferred. Desirably, ambient air
is fed through the gas iniet. While the air can be dried if desired, it is not
necessary o 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 particies. The vessel is preferably insulated to retain heat, The
gas inlet and the finished particie outlet are desirably located befow the
gas outlet and the particle intet, preferably. with the gas outlet and
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particles in any direction, the process is preferably continuous in
which a streamof particles continuously flows fromthe particle

inlet tot d particle outlet as the particles are fe
t he vessel %Rzgdalﬂ'?ézb'?e gas flow rate introduced into thé"%}’é'és&@l”"amﬁ

passing through at |east a portion of the particle bed is one which
Is sufficient to | ower the anount of residual acetal dehyde on the
particles exiting the vessel as conpared to those introduced into
the vessel. For exanple, for every one (1) pound of particles
charged to the vasstidle frdet Heing towaud ﬂ'@ttbpog‘&fe ve‘slsémarioaﬂ'ﬁﬁgdsﬂhl'éPQH&ed

into the vessel tan feet per _mnute
(SCFM, or at feas%hgbcﬁ?wquﬁm& OY"@ 0%95‘ ofdhevessglgiThelanw is
rates are al so smeSm@hl?Jnthc@@tnt@&mﬁhﬁhanVééﬁ%i G8SoouthPW hidhE

shoul d be kept suffJC|en 0 avoi d unnecessary energy
consunption by t K tﬂ%‘%“t%f‘%hé"ero? olfhgheddieig vathineihe vessels Tret

desired to undul pagRew se .t he
82 WO 2007/ 03525£8PCT/SU%'§ r%f?{)%ﬁdlfﬂn%d@é Q?ée%g%m t%g %ﬁ Qrg(f t? of

t hese obj ecti ves 984y dakhs boticwipf te viereel, wbmth‘egaa;he@ablylﬂowm at es.
The gas flow rat an 15 SCFM or
not hi gher than go%%esﬁl\/ﬁf %g]g%h&ﬂ%frtnéﬁgﬁ hafﬁ%w g& ©%ven not
hi gher than 0. Olawiﬁtﬂwﬁvememdm)fomambdwf p&?ﬂ*@é@%dﬂﬁébbﬁlcﬁ‘s
per hour. Optina 0 nim z oxi dation reactions,
di scol orati on, é’?ﬁ@‘gﬁqﬁﬁﬁg%ﬁwwk‘e@:ﬁ”gﬁ%ﬁb SVEFRS é’é/ grayhtortbedinished
the SLSthdenﬁ’{“epm“‘w“"g’“”‘S e bar ol e e Rt Adt i ©
150C to 170C i nﬁ'%t' {%eﬁ%l t%%hﬁ‘ﬁl’ﬁ'@&ém%@?é}e'%t inA cgntingausw r at e
ranging from O0.P02eSCEM isatle 9585 R ze
of the vessel i{j’?gasz\@t at the resi denggé{gﬁﬁg%? ve%Ee] c'lﬁﬁ aHHS tﬁé

aver ages about 0p Invbeséripping zanee 'Breeveeasabprgefaabky I'[BS dmm&ct
PET sanpl es cat alayig@dD Ry af R8st £\ 81686t 4 4k 1iksVE! RS54 paRLY, have

be conducted in a batch or semi batch mode in which as the particles
weuld not flow and the stream of gas can be passed through the bed of.
particles in any direction, the process is preferably continuous in which a
stream of particles continuously flows from the particle inlet to the
finished particle outlet as the particies are fed to the vessel,

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 paiticles 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 at least 0.0001 standard 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
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| ower peak tenperatures for crystallization upon cooling fromthe
melt (T) than the Sb controls. As T decreases, this indicates that

the cryst '5@790‘3 crate fromthe nelt is slower. Slower
crystaliizalron Faes fromthe melt can result in |ess HIPES2P0§/034616
nol ded articles, like preforms. Slower crystallization rates from

the nelt enable the use of | ower extruder barrel tenperatures, which
inturn require shorter cooling tines and result in shorter
injection nolding cycle times. Converters will value the

productivity i ncrmmﬁ@ﬂeumee@r%ﬂn%fﬁ@é@éﬁ@ﬂea%s@wu@&limhﬁﬂé&the
cycle tines. Per Tabl e i n Exanpl e 4,

sanpl es cat al yze#fesf! Q{bgaﬁ e rates. Eh‘%lgﬁﬂi ﬂ@‘é!\f@'fleslsﬁ@fél'%ﬂﬂ &@t E!ﬂ’}'é“ghel’
| ower  pol yneri Z%él‘?@'l IeMaBHﬁgﬁ’\l Hdh &0 H@V\cﬁ?li'fﬁv‘ﬁrr ﬂ&%ﬁher theznl_R%S

tenperatures for Eﬁls |za I on upon heafing 't ass

than the Sb cont r¥TkEM, gzewap ragdiighes Srsa). Ptmm\@maneﬂ)mwndaﬁpl e
with the | owest T e anount of phosphorus added

| at e. Anot her des%r@f@xrg@% ﬁehﬁé Fanges given in parentheses)
varied alum numlevel (10-40 ppm), Li:Al MR (1-5), tenperature

(275-285C), and t he . phosphorus source is
phosphoric acid. 59*%%@%358”%8%%@'W%’Zf&c%t'owr?ﬂc Baver age of
156 C. At a Li: Aldlsd&fr&ratﬁorﬁmélh@nTtﬁbzt\aaﬁrtﬁ@ggmcr@scfbnfd%w\rew th

i ncreasing A Ievels mthan at a Li: Al MR of 1.

TO2 decreases, tKic8Hdl Csfﬂ]ygﬁt""é@eﬁ?&?'"ﬂﬁ e prosyction Fosit i af%i%'nﬁﬁ@#ﬁqmé
glass is faster. daash @hﬁiérﬁ%érﬁbéﬂaﬁﬁb' i%”feéd qjarﬁd?@s AtRiRS +a%g%eo?'1 B@‘fé o

in thernoformable tray app i cati ons and resin producers
crystallize anoridRFadipalvesical §Htﬂd6ﬁ%“\4995?ira“f6ﬂ etlrd‘lqmrqtaﬁanmnm@ronn _
the solid state. i

i ndirectly package (?F?agegM t@ucfgog’ﬁgghf %%@nmd' dgo@r@;ﬁ]@% é?gv(\#%ceﬁveasrsgl
t hen shi pped to dustadnthattheresidests iiheaobtie pdliets avaragésabad dHto 20

subj ect the crystal|] zed PACLIELER 4 & ANours.

PET samples catalyzed by the levels of Li/Al studied desirably have
lower peak temperatures for crystallization upon cooling from the melt
(Teo) than the Sb controls. As T decreases, this indicates that the
crystallization rate from the melt is slower. Slower crystaliization 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 moliding 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 i‘or
crystallization upon heatiﬁg from the glass (Ten2) than the Sb controls.
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process enbodi nent descri bed herein without solid state pol ynerizing
the particles at any point prior to packaging the particles into

shi ppi ng i S. Wth the exception of solid state
pol yner i zaﬁ?@%@b{aﬁggaﬁ particles may be subjected to nunef&Jds006/034616

addi ti onal processing steps in- between any of the expressed steps.
Shi ppi ng containers are containers used for shipping over |and, sea
or by air. Exanples include railcars, sem -tractor trailer

contai ners, Gaylord boxes, ship hulls, or any other container which

i s used to transpThe safriple witetheloWsiST oS alb@hbs &li&geltndut b3 bRBEShorus

Custoners are typlﬁljﬁi%t converter entities who convert the parti cves
into prefornms or ® %ol ded articles. 84 WD 2007/ 035256

PCT/ US2006/ 034616 The shi ppi ng contai ners contain a bul k of

pol yester polymer particles. A bul k occupies a volune of at |east 3

cubi ¢ meters. | n Pheher desiorathedmenmen (ranges given in parehtheses pyarieg

cont ai ner occupi egy&inith BB @fo_.@é P?lln?,eﬁ:sﬂ\l ﬁ'{“g@g&ﬁ@%ﬁqrﬁﬂéﬁ@éfﬁ%&ﬁst

10 cubic neters. In one enbodi nen here i
pol yest er pol ymerancBi MR é3:-1) anhieng trenploosphage solurdé isghoaphdesdid 0. 68

dL/g, or 0.70 dL/ r r.0.ofd dl/ or 0.7 , . or

0. 88 dL/ g, obtai n-g"cia i % ﬁéﬁf'%wbﬂ%%g) 1)%11 owﬁhfgﬁ“fﬁﬁa%‘ﬁﬂ?égé_é@i@lﬁaﬁ-ml
ac_e'éI al deh_ydle | eveVRadf 51 thep e dulacre!aeéESmu'@Hi fasFer_EfviﬂpiﬁbﬁUash"@SAI?hfaMﬁrl@HP
said particles ¢ isin al um n evel in an anount of at |east
3 ppm or at Iea%@@pﬂﬁ“gﬁa%? Péé%ﬂn}‘%o‘cbpm or at |east 15 ppm or
at | east 20 ppm based on the weight of the polyners. Preferably,

t he pol yester parti_f:I ea in the shipping container also have a degree
of crystallinity 75t Tae dpegases ghigdn ethabihe aystpliagtion @tsgroaritiet he
particles al so cougdiB fast&0 PRSP ' etal or
al kali netal, al (;gr]% wth a nonzeeFt’é@%@ﬁ%f’%ﬂ*&%ﬁ%ﬁ%%%@eI'W

preferably, the Argaiemabietay applicatiossisnd frxresio lpesdicers abis drjsaalizd)

ppm or less thamokBhoihelRls bfthall) Bhortd dRMheind Bife WhRT state PP™M

or | ess

The particles of the invention are directly or indirectly packaged as a
bul_k into shipping containers, which are then shipped to customers or
distributors. 1t is preferred to subject the crystallized particles to any
process em_bodiment described herein without solid state bolymerizing
the particles 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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than 12 ppm or |less than 10 ppm and the particles have an L*

bri ght ness of at | east 55, or at least 60, or at |east 65, at |east
70, or at or at least 76, and | ack AA scaven The
particles are &ﬁgéﬁﬁébly contained in a shipping contalﬁﬁﬁﬁk%ﬁﬁpuﬁm
preferably, the particles have not been solid state polynerized. By
"finished" particles, it is nmeant 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

associ ated wi th arypiulp g cHﬁfé‘iHé?@c@ﬁtaWéBﬂk'dpb@e@teﬁ@bl?h@p@&ﬁ!féé‘eA
used for convertlm&fpar |c es Into articles, wthout any further

processi ng steps PEPURIRE HYOImE OfF?éIQE!SéB@Uh@H‘OﬂQ& uihgrreferred i es

can be fornmed fr

t echni ques knom%ﬁﬁose (’) @@ﬁﬁrp{h% @aggp?@?ﬁﬁ%?@@%%a%he of at
2007/ 035256 PCTI U%WWMrSMéeamwmbb,mebm.onal ly solid state
pol yneri zed, which are crystallized to a degree of crystallization
of at least 20% are fed to a machine for nelt extruding and

i nj ection nol di ngntone emﬂ:ddimaht) trwawﬁrfosﬂeti fiashed pefyests p@lyma‘ol ﬁ for
stretch bl ow noldin o .bevera e or, fo con chi ne
for injection rml%”%ﬂ gving ﬁﬂcﬁ’{ FRgerbY- Wgﬁté‘ﬁﬁtbﬁ&tfﬁi ?fg‘g 7ﬁ§£?%tq’ier
forns such as shegr2 db, babl7a AVgcsIsEsSdi Q! ofr@rsu (ﬂlg'g, étbt@ur@ﬂtm elmeitare
known and i ncl ude ext rusi on, extrusion bl ow nol mel t casting,

i nj ection mol di ng? hage palmarizatign ang adesigyal %qeﬁ%@%lwdm Igve! oid O dapkg o
(SBM, thernof or pagyg or%F'Q pbﬂe?ﬂ ks w@s&maﬁﬁpmmzbe%ompﬁ%goén &Dﬁﬁgﬁn

articles which can be forne romt phase product$ and
pol yest er pol yrerevadibas most @fattln@st?ammrsdﬁeaaﬁémm afgsdqast P m

0, enr™) o IHE oo B 020 AL b P B S

from pol yet hyl eneacﬁwnephPmieraably she palypdster paticlo® indihe g hipgirer cantainer-

carbonated bever Ey ha\%ng dggetaete crys?eﬁimltry 1%t least 20 %, preferably at least
30%; and the particles also contain a nonzero level of an alkaline earth
metal or alkali metal, along with a nonzero level of phosphorus. More
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 ppm, or less
than 12 ppm, or less than 10 ppm, and the 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 particie
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

conventionaf techniques known to those of skill. For example, melt
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bottl es suitable for holding beverages which are hot filled into the
bottles are exanples of the types of bottles which are nade fromthe
crystalliz l.et,.of the invention. Exanples of trays are those

whi ch are egoeﬁhgggﬁgble and ot her CPET trays. Suitabl e He{{8He04540
making articles conprise: (i) introducing solid polyester polyner
particles having: alumnumresidues; alkaline earth netal residues
or alkali nmetal atons or alkali conpound residues phosphorus
residues; a degree of crystallinity of at |east 20% and a residual

acetal debyde | eveby gl SRR, Bl o8P ook A0S ARSAS AL IR e sl
mel t processi ng ztnedageendcrysialization paat leasic2D% carededi@a madhimanfor
pol yester polynmer_c si,tion;,.and. (ii).formng,an article
conprising a sheef",e(ﬂ%?r&mﬂ‘? %degﬁe?f'%{mg?d'%{hgéﬁglﬁwcfs TR SRR 3ol t en
po: ymer corrF_os: ti pmforgm éLgiab!eef@Pﬁﬂﬂétﬁﬁ!P{ow ?{b&iir@@m hévgﬁfatgéby&:ﬁide_ L

pol ymer particles produced in the nelt phase are made .a hi

It.V. and are pr oGPRiaHeEy Oé_aé"ﬁ?‘t?"&'b? or 'Wl%g@”trﬁ‘)'gﬁ‘@’ %?f“ﬂf?ﬁl‘“egﬁ'?ﬁje'y
zone by having bogfaridiy 6 bfieRkormRcRichl-Aekee Sithbic bRINeasS! R ARIINS

generation rate without the presence of acetal dehyde scavengers in
the particles fedtherriigles geg knowt sedsiudg exgnsion) axifugien bipvoupleing,

t he residual acet I r to
|eas than 10 ppm HeREaL ebRsFmoldi] pHbibRrhal fiB0ock st ALty
produced from t hermolding (SRS themhfomniiog, ansribediks. Further, the

catal yst deactivator added late in the nelt phase at l|least partially
inhibits the catalyst residues in the polyner from catalyzing the
conver si on of aceErhmiplgds thy kinds sbsimped aattdeavitizhywde. be formed from the

melt phase products and the polyester polymer composition of the
invention include sheet; film; packaging and containers such as
preforms, bottles, jars, and frays; rods; tubes; lids; and filaments and
fibers. Beverage bottles made from 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 pellet of the invention. Examples of trays are those which are
dual ovenable and other CPET trays. ‘

Suitable methods for making articles comprise:
(1) 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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In this enbodiment, the particles fed to the nelt processing zone are
preferably not solid-state polynerized. The pol yester particles nade

by nel t-pt’@@% Yssynt hesis have a small surface to center

nol ecul ar wei'g { gradi ent and undergo less It.V. |oss J&F%"%@?‘fﬂﬁ

processi ng than conventional polyesters. For exanple, bottles and/or
preforns, and in particular beverage bottles such as carbonated soft
drink or water bottles are nmade fromthe particles of the invention
and the It.V. difference between the It.V. of the particles and the
It.V of the preforns HHYRSelbRioeessing zonecanchmekingthe prtRlesdb/fem a

preferably not nore thggids 83 { .preferably not nore
than 0.02 dL/g. |n anot her gn%%%{eﬁrg?\lyr?@?ﬁgaﬁﬁ'g@a%dt icle preferably
| acks an organic acet@gl delyy venpger r.ef er apl I, ngredi ents
added to the solid po esteﬁﬁgg%tﬂi c;'éeigcgwgf'ﬂggﬁeqtﬁe%hr%"@ggsf‘h‘ﬁj: gk ap
do not include. organifoldadged foehyiemsita polgries cofipo¥ir007/ 035256

PCT/ US2006/ 034616 The anobunt of AA in and/or on the nolded article
can be nmeasured by ASTM F2013-00. The level of AAin a ground 20 oz.

preformis 9 ppm lorthisleastsdimenty tpcataivzeEs6lveste - Lot
ppmor |ess as ng@@yrﬁ_’%“ ?_'% a g‘%reeformy%ml,gleglewi’E'ﬁblg'mggPérgtlcr%éspm&uced
tenperature of 2 SRR PIRgE AR Made t afiglvk.\Va pd exe pravided & aisaithisls.
Performs can be rfade id thermeld Brodeasiki b $o i t a
variety of injecti O%&%di ngpll;Oar rellhg glt)lzérrgg:ﬂg lﬂ??gk@%ﬁp&g@& nce
times. Specific iNPESYReRIR oy aestaliensiegereratio ratwhiese tasl v t o
provi de context fpssdrire giupBil eci.fied. for preform AA
and not to limt pﬁse i_nvenﬁ%h@gd%géﬁﬁﬁagn]ﬁet ?Pﬂﬁ'c |f8$|‘1%the melt
condi tions. Al tePRASSFERYZONGY dif Brisrembadiendntdifve trbsid pairdck el @shylb it el

i nvention have aSMusth ' f of at least 20% or at |east
30% or nore, or at | efiég'ﬂzb&’%égiwnlg%?édgﬁg gy q%@aé] BEIFEFIGianyde by at
| east 60% or nor 8as §iripging thasErtitdes PrOAIBSE6®I RS kvt é%s@@&@ﬁﬁﬁmnﬁde
fromthe composi bt ERHEr, gt dedatimtorad o ot i s Al 1 2€r
and/ or X e, the calalyst deactivator added (ate in the melt phase
at least partially inhibits the catalyst residues in the polymer from
catalyzing the conversion of acetaldehyde precursors to acetaldehyde.
In this embodiment, the particles fed to the melt processing zone are
preferably not solid-state polymerized. The polyester particles made by
melt-phase-only synthesis have a small surface 1o center molecular
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 di/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_brganic
acetaidehyde scavengers.
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deactivator. The |level of residual acetal dehyde is neasured on the
article, such as on a preform In this case, a second heat history
(melt  man Is counted as the first) need not be inparted to
t he prefoﬁ%@ggﬁgkggglnce the particles were nelted in tid %E?E@F%Hh
nol di ng nmachi ne. The anount of residual acetal dehyde present in the
particles after drying but prior to injection nolding should be
subtracted fromthe residual acetal dehyde val ue obtained in the
perform At the nelt processing extruder, other conponents can be
added to the extruder to enhance t he perfornance properties of the

pell ets. These onen be adde to the bu es
“pellets or in a %hggmoélm a'@ﬁjo‘b% Qﬂgaﬂlcge Bul %'B?Ciﬁ&er
pellets as a SO'AQTW@M@S@@WWB@@MMM@BDM po o, plefdraasty phawr
0.5 wt.%of the conponent in the gol yester polyner |let down into the

bul k pol yest er. lemé)rtTy@m oplessupt ABPA A Kfse REAPHM %lea%les measured

crystal lization e TR é &{? £ $ 9
denesting agent S?ﬁ 331’?1"0@?19 i hlat%r\%?t r§ 5 2007/ 3535’%5“ ence

PCT/ US2000/ 0346 1ime of gamprmetady agrua@es;t%erfczfmsmearhesmaﬂa dogattieng

agents, reheat n such as
tal c, and fill er’gé’ﬁﬁ%%ﬁﬁ‘ §|n(}gnﬂ%n@| ?a#r!e?yﬁgf 'eﬁ%ﬁ vesé zlti)é lmany
others and thei rtcugesatares svel fesidenosviimen. $pecifar Injemhdn dwldiog coedition®
ext ensi ve di scussion e cata st de cti Vatﬁﬁﬁ

S nteg 1ar e e R e birauie Softeet BE rh ot ioa YBRED shRL

before solidifi ciatbpsformh AsdRE Mgtito ligitRiesl invention W'ttdr@m dbivh knalfting
catal yst deactivator_ is added late in the coursg_fﬁo \é%g&gensat i on
or thereafter butosianse teINAYSlY.PA¢iOBRS Madsdram P@@

earlier in the ClﬁUér%%nQ‘iavﬁohlfé&.FHﬁSﬁWtﬁeﬁBrmTlmeofétﬁ@a?éitZO% Pt i on
rate of any early addition of a catal yst deactivator needs to be

consi dered; t her&%s majal §r afrteast 408 @1 AR, oF At IgAGt Sk &liMPrBeor @dded
ear | y. In add| ti ga t}“jébj t&e 0(51,1 t & & rﬁ&% rb%'%%?%@ﬁ%ﬁ‘?ﬁg

deactivator is a uring the ne ase process
from the composmon without the addition of a catalyst stabilizer and/or

deactivator. The level of residual acetaldehyde is measured on the
article, such as on a preform. in this case, a second heat history (melt
~ manufacturing is counted as the first) need not be imparted to the
preform sample since the particles were melted in the injection molding
machine. The amount of residual acetaldehyde present in the particles
_after drying but prior fo 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 peliets. 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
companent 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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pol yester polyner, in another enbodi nent, a portion of the total
anount of deactivator is added to the polyester polynmer in at |east

two stages,wgl6Bn3dk; t he nelt phase process for naking ster
pol ymer and agali /nse%t’ any point after the polyester pol f"PS?Jé"X’%M‘m

solidified and before the article is forned fromthe pol yester

pol ymer, such as during nmelt processing the polyester polynmer to
make an article as conventionally done in an extruder or injection
nol di ng machine for nmaking the article. In yet a further enbodi nent,
the total anpunt Ght absorbiag @oeis: eplorasts ndeiating egentsoralbdtiratet i on

and before makin ALt i ' - 1Ot addi tion t he
phosphor us corrpof]tjzrl;’tcrlI Eg?]ﬁ gtﬁiogslbﬁi%&ﬁotgﬂa%%oﬁwegrs%hfsﬂah ang, ﬁ@eé's and the
manuf act uri ng pr dseséiledshdse saiditives bhd hehylytheistdrer thefakbs arsmapndi ng

t he catal yst deagt.vat: ] | yest er  pol r  particles to
forma solid con%@h%’ﬁé’?éh%\%& %8‘# 9§§'E’EF¥%'H?M"%E§%S§@”-COM ai ni ng
random y di spersed catal yst deactivator conpounds, after which the
concentrate is f sing zone for naking an article

d t.h | t
along with a fee?‘ssiegg%ﬁ%oﬁ@oﬁ& {}é&%ﬁeﬁy%gg@mﬁ@g apy addest [ateimtios c8@ssD

2007/ 035256 PCT/ US20I060r{#A8R | : n be
added directly a;;?%éﬁ?at stregncfaﬁ%%é‘ﬁ a g?ﬁ%@@@"ﬁ?@%gﬁ%ﬂ%ﬂ‘% de

with a liquid ca mgrguhiledhe Wtkiof & catalyss dencivatdrés potisdbistein the

pol ymer particl eg ' ke.the articles.
Thus, there is pr%%?%ggﬁgg@deﬁggggl @ﬁ?&rﬁ%eém%}&uttgg%?ﬁﬁ AR st er
pol yners are proB®/Ee@maydia addasl aarisvérs theponicsesst policohadettsation At VSt

deactivator addeg,dptg din he cat al yst ,
deactivator with tFLe pgp@@&c@&%@%@f%ya&@gwﬁ&ﬁcﬁa,%y%ﬂea GOy or
in the extruderngasistpde considhed: ﬁje@bieoonl?@nﬁﬁll%%@#%ﬁy%ﬂ@ﬁe
that used to ne ry,...iquid, or nolten ingredients Into a
stream of pol Yes%&edréa] %ﬁymddi'twngﬂ t@?mb%me“gwhﬁwghe@é‘tﬁm“'“@fe a’
mol ded article bjeastivatexisradsisodufing fleenénpRadd HBcoR 1B} RRBKIGARESS: OF
bl'ending in any gther i fi ng . devi ce. .
polyester polyme, in another embodiment, a portion of the total amount of
deactivator is added to the polyester polymer in at least two stages, once
in the meit phase process for making the polyester polymer and again at
any point after the polyester polymer is solidified and before the article is
formed from the polyester polymer, such as during melt processing the |
polyester 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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In this enbodiment, the mxing device where the catal yst deactivator
I's introduced may be part of the injection nolding process, or it

may be a step prior to injection nmolding. The catalyst ,
dezlct i vat 05@8%0@@%2 % ntroduced neat, in a liquid carri erPCJfUS@%ém%f'(’”

pol ynmer concentrate. Introduction neat or i naliquid carrier is nore
preferred since reaction wth the catalyst in the polyner carrier
may | ower effectiveness. |If the catalyst deactivator is a liquid and
i s added neat, a mixer at ambient conditions could be used to coat

h |l ets with ¢dislystidpaiciyastbompetnds bas beb@dé‘d‘ﬁﬁ‘é’ctl s Rdht stream,
tne pe ; iy entraptbg route i s used K concentrate

el 1 ets coul d be S ARG SHETHABIMEHE WIBrRNaUbAST AT trgathes witrale
exclusively int Mrdﬁﬂ’q 6F B pefemRl b Ydek Barﬂ@i%@ t@theﬁf}éltr P%@Qsﬁﬁé’%ﬁe to

type bl end. These sane comments an ap roaches a
b?lgndl ng the cat dN§ke theeutidles, athyts, tuemlss:wowde@amemqumems;wh‘m s

bolymerzed. 1 hecmEphalis foilisdir hotyrork e BROLELE 187 &itrdeRe Plctsnns e
ﬁgy_yrﬁr !sgrere- i nst aW ta@af@iyst dwcﬁlaaindaéde?iel:amgfollam?g bgfbleﬁrnmngjgfhd;a@@ygto
20 the. 00 Wb 20CErPEL B APR - HaRsSler BEEREDY el o Pl sedtion or in

after the pellet sth@axbwdﬁndert@urwthe inectish Sbkfigg pl@@ééﬁ@fdhza%ithﬁfused fo
illystrated t he additi onal

be furt
o5 of  enbdanHERRLaBN iR or R aaRtRniMa 2 Bheamatpeveser t hat
t hese exanpl es moq/mmh Qﬁléﬁtnﬁﬂﬁre&b’théﬂfseﬁ%ﬁ%“}@% l?lf)]deljldgél f/'aﬂn and

e not intended t t he scope of the invention Al l
21[ the high IV p %@%F’sﬁﬂﬁWJ?ﬂ@néR@%Q@@WSeorrhi@wlmmleuaﬁoubeuym:xmg
the nmelt phase, idegice. t he nol ecul ar wei ght of the polyester
nel t - phase products as indicated by their 1hV or I N were not
increased in the solid state.

In this embodiment, the mixing device where the catalyst deactivator is
introduced may be part of the injection molding process, or it may be a
separate step prior to injection molding. The catalyst deactivator may be
introduced neat, in a liquid carrier or via a polymer concentrate.
Introduction neat or in a liquid carrier is more preferred since reaction
with the catalyst in the polymer carrier may 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
cencentrate pellets could be dry blended at ambient conditions with the
made exclusively in the melt-phase peliets 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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Commerci al pol yester avail able from East man Chem cal Conpany as
CB-12 is submtted every tine the AA generation test is done on
experi menta‘]v ﬁﬁ}%‘%s The AA level in preforns made from CB-12, a
pol ymer nmade’dh @/pl cal manufacturing conditions and P&aYSAMER346E
pol ymeri zed, is considered acceptable for carbonated soft drink
applications. The AA generation results on this comrercial polyester
are considered as a benchmark: AA generation rates |less than or
equal to the AA generation value of the conmmercial CB-12 pellets
predict an accep drlnk
applications. Sotr(r:ea@\}\%tlgrgggdvaﬁircag{ﬂe%%sﬁgr'@%ﬁ% rruceg&#}% végol%o% Of m AA
| evel s thanh CB- 1230@&3“26?1@1 pracees. t ypi cal nol di ng conditions, CB-12
prefornms contain 9- 11 ppm AA, dependi ng on the extruder size, etc.
For some water bottle applications, there is a specification of 3
ppm AA in the ‘per fTaisnnvdittion dem beaibcther iustfifted byted bdditioral PkEMDIe® A

| ati to CB-12 07/032 P 0 3461 T t
;:dﬁcwgn ion pr ef SPﬁﬁoﬂ}&“?'ﬁ g'%ﬁr% gty gg}r ‘é’ﬁé’ﬁ%&‘%rﬂﬁo X per)g:a%]ples
target fromthe CBrelidchidet megar sé@ & iMgstid¥ioh Eﬂd@% ilaat inBRIcAY8
val ue and nul ti pl ﬁwnggby 100 rcen reductions in other responses

are mentioned thr BCqnRofdRaiyeBtion.The point of conparison wil |
be identified, such as the base case (no phosphorus) or the Sb
control, and its response will be used in place of the CB-12 average
value in the preceding description of a % reduction cal cul ati on.

Wien mul tiple basg,, gfuns or Sb controls exist, the average .of the
response for the m@gﬁp‘%i‘e runs is used in the calculation. A Li/Al
experinmental run will be identified, and its response is used in

pl ace of the wat nthe rec d|n C tlon of %
reduction cal cul'§ tﬁ'%’éh Pglﬁ?? 5’8 f‘?ﬁ Bamds e’%‘fﬁn‘%"%&l%t
the average of tine meisphass |ftethé h@[dc@mrM@g?rﬁ df@ﬁ@pél?eéiéﬁﬂe!tlbﬁaﬁé
cal cul ation. Col or_ val ues are F\ yest er | ymers ground
to a producis as lnd:ca y their IhV o} !tV were not mcreased in the solid

state.

Commercial polyester available from Eastman Chemical Company as
CB-12 is submitted every time the AA generation test is done on
experimental samples. The AA level i 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

epplications, 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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powder passing a 3 mm screen. Col or neasurenents were perforned in
reflectance (specular included) using a HunterLab U traScan XE

Hunt er As i kaboratory, Inc., Reston VA), which enploys
fji ffuse/ 8 ?‘%IZW%%P'?ON view angl e) sphere optical geonﬂ’trérprw%ﬁé@%i‘lﬁ%ﬁs
were reported using the CIELAB scale with the D65 illum nant and 10
observer. The spectrophotoneter is standardized regularly and W
control was enployed and naintained in calibration follow ng the
Hunt er Lab recomendati ons. An optional glass port plate is installed

at the reflectance port to mninmze contam nation of the sphere.

e placed in an optical glass cell. Color is rreasuted in a
EZY’F'”Z 33r mnp pa 'PPP%W&PWGQHF#WF Ripiagy Afeis calewatpd Byisebirading the
HunterLab. The powses fargdf ford HOLBMS At éb&lu@ydi\éw}}{ﬁg ¢l zsanpl e
for 20 seconds using a Iaboratore_/ A ni - Vor t exet ‘nternational ,
West Chester, PA)2verage vgjieend seuliplyisg byil0aParment tagsbtiagminruther he

fl ectance port ] aque cover.. A sjngle
cel | packing is ees %%%é?f%ﬁ‘f%h%%f@@%ﬁ%%@g@e&éﬁbwa%%ﬁ?m16
cell is renoved aﬁmnp?ﬂﬁbameldbéu:ferrhfldecdzltsglbg@étﬂ?]élba@ee mra e(»ﬂfo%of H%it hégﬁo ua) or
Cripli cates. . Trie B 5 g6 Bainse wiE pe USed apkac of na SHer2
sanpl es using a Mmg%ﬂmg%?ﬁ&%ﬁdg %é@:ﬁ@f(i(ﬁe}f: 65%962 regd-ﬁg%oﬁ_ﬂi_%lgﬁﬁtion.
di had a thi ss. of . -m| and a di_ane 2.
ApPI oxi Bt 6 chisg‘ﬂﬁ?a Pikiiole bace Frray Ehaonils o g
tenperature, 2 r@sﬁt&fsb&brthb@ﬁ@ﬁﬁlgtcr%sels_ d ?%Wﬁ%ﬁ{-he pe|e g

si injection pressure, and 1.4 " scfh nitrogen f €’
F hr oat J Conmer E i SXPpomeata am will Hie identifieds a@d?*ItEaeﬂmaae BGhessddnlplaengfany

as CM 01l is pres | | - I @r[egjlddfrom
experi nent al psa$ﬁg%§é%@%t ﬁ?hgbﬁ%ﬂ#@r%ﬁggﬂé‘ﬂﬁ%ﬁiﬂ _HF@%

manuf act uri ng coﬁéiculaélfﬁ- Wihen $©ﬂ>lioeltesltléi}1[@xgpmhgnm rtzedaﬁég,oﬂrrr\gaaverage of
measurement (L*, g resBon@@%r%Fe)pligé}etrur?s 18Rl inthe Saltulstion:

Color values are measured on polyester polymers ground to a
powder paésing a 3 mm screen. Color measurements were performed
in reflectance (specular inciuded) using a HunterLab UltraScan XE
(Hunter Associates Laboratory, Inc., Reston VA), which employs
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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using a HunterLab U traScan XE (Hunter Associates Laboratory, Inc.,
Reston VA), which enploys diffuse/8 (illum nation/view angle) sphere
opti cal gec{gﬁt roé/ The col or scale enployed was the CIE LAB scale with
D65 i | | umi NNt 100 observer specified. Three chi ps REFASI0GEHEE
togetherto give a sanple of approximtely 200 m| (0.51 cm

t hi ckness. The three chips were stacked together and placed in the
sanpl e holder inside the instrunent such that the area of | argest
surface area was placed perpendicular to the |light source. The col or

measurenents were  ymade in .the taotal, fr | SSih '
whi ch both Iight %Y aREvEd 2id der ‘§9’ %ﬁ?%tgﬁhf%e&gégnpmge'“éanr?\%ﬁrieéﬁ?
that is diffusel gapphs, tTeeedportat vatasshicdd betheavémge oatrentripbcades.at
any thickness can be recal culated according to the following: T, T

10--11, | | ogin = T j TI 93 WO 200_7/ 035256 PCT/ USZOOG( 034616
where T,, = trangfidd @8sendidddlidtwdbi frorh the lsbAPHE dditns Baca

wi t hout absorption A = Absorption coefficient Td = transnjttance
measured for sanpligoCampounieeMicrainiseinss he rolged digpehad grinigkpass Of
Haze i's defined g ien®6atd UGS chi, oo diphdlfifiafl ot nidiaingur face
of a nearly clear specinen, Ich'1s respornsible for clouogl‘%/

appear ance seen comditiorenseriesss folnwsA27 B 46 serave teorparaluee, A83s Grieartaht i s

apeci men. and | s waptap el Bl s Ridte S Phi SRR P e 1 4
scfh nitrogen flow to the feed throat. Commercial polyester available
from Eastman Chemical Company as CM-01 is pressed into chips every
time chips are molded from experimental samples. CM-01 is a polymer
made under typical manufacturing conditions and solid-state

polymerized.

Color measurement (L*, a*, b* and haze) on the discs was perform'ed
using a HunterLab UltraScan XE (Hunter Associates Laboratory, Inc.,
Reston VA), which employs diffuse/8° (llumination/view angie) 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 suiface 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
o807, )

R
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Haze = CYyD'"""""" "x100 | YTon\ronsm ssion ) Haze was neasured on
three chi ps using a BYK-Grdner HazeGuard Plus according to ASTM
D1003, Met reheat rate of each of the nolded discs was
determ nedt%g(gz‘ﬁgp%;g%s. The disc was placed. onto a supBSF{US%WE%GlR/as
in contact wwth the sanple along its edges only. An actuator then
automatically noved the disc beneath a pyronmeter and neasured the
initial tenperature (T;). The disc was then noved to a fixed

di stance bel ow a | anp housing equi pped with a bulb (GE DYH
projection bul b, whs@ W 120 V) operating at 60 V. The sanple was
exposed to a radiant light for 20 seconds. The color tenperature of
the | anp was app@?i%“t”g'“?"??tzwea CAF¢%8r heating, the disc was
automati cal |y r etlherhmosntitiartch evithgutabsirgiionwher e t he surface
tenmperature (Tf) gaf ptdy area of the side which faced the | anp
(front side) wag reco?p&lgg%%mgéconds after the |l anp was turned off.
A 90- second cools Agrapsaiienogameansedfoptempeen consecutive tests, during
whi ch a 94 WO 200# @ePhekised/ US2006/ 034616 fan cooled the | anp
housi ng prior to_oadi the next sanple. The RIT is calculated by
subtracting the ‘?f Ot%&“?%%c’};s I without reheat additive from the
TF of the sanple containing the reheat additive.. PET sanples

contai ning antinpny and phosphorus were tested for netals by X-ray
f1 uorescence spelBfddsiyed rrithe sqatiFringiafiightwititio ror at thengurédcadf Bum

l'i thi um and/ or p t ' ctivel

coupl ed plasna optica .éé%P}séglﬁgerq’ @B.fgg??%gﬁgﬁélgk%ﬁ!%é]p%%gﬁnqeﬁéen
sanpl es in the ExdrpseissiectA tansmissien hashimeesiethdmis 4 Gifio dlie
o or ' to analysi St ikl 18 13 At sFnSnRel bl oo ey PoBY °
cont ani nat i on poasoldirg torthe fellowdigy foraskar enent s for al umi numin PET
for than for lithiumin PET. For Exanple 2 , Al and Li levels are

H aze = [Y.Diﬂitsermrrsmissz‘au J %l 0 0

Tolal transmission

Haze was measured on three chips using a BYK-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 (Tp). Thedisc
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 (T;) 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 whicha
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measured in duplicate in quartz glassware to mnimze background Al
contami nation. A single test in standard gl assware is reported for

the other A procedure follows. Sanple Preparation
appr ox. d’?é?@? %218/ into a 100 nL quartz beaker. AJ@T@SHQP“M"QM

concentrat ed H2SO4. Oover with a watch gl ass. Prepare a nethod bl ank
I n the sane manner except exclude sanple. Place beakers on hot plate
and heat on low setting (- 100C) until charring begins. At this point
begin to add conc. HNG3 drop-wise, gradually increasing heat, until

sol uti on becones I ear r tel

heat setting (appf g)goobﬁggﬁe:;am&taqs' fﬂ%ﬁ%@@ﬁﬁﬁ?%{‘ﬁﬁéamﬁe %g?ﬁ? IS
Quantitatively teangbied Wéﬁtﬂﬂé’bﬁn@ﬂweﬂ?@kﬁé dofitrél vAthtR® réHeat aH TR fro®
flask. Add Sc internal standard at, the ppm l-evel and dilute to the.
mark with 18 Mohni eJaPEFheS@mRﬁﬁ@ﬁ@?mé@%\eﬂtW%ow 034616

Anal ysis using inductively coupled plasma - optical emssion
spectroscopy (ICP-CES): Instrunment Configuration: Spray Chanber:
Quartz Gass Cycl BT samplashegriaining axémeny 288 :phoppirars @ese destetéasnt ri c

o ector, 2 10 GHBi By aC P TBe B it PRl o 10

nl/mn Method Parananimgsaluminary tithiurh ahdtmeg;host;ihoru:%%rdfﬁtedﬁoﬁmeiﬁls

plasma view by inductively coupled plasma optical emission spectroscopy (ICP-OES).
For the samples in the Examples Section, a wet ash method for ICP-
OES involved digestion of PET in sulfuric and nitric acid on a hot plate
prior to analysis of an agueous sample. There is more background
contamination possible in the ICP measurements for aluminum in PET
for than for lithium in PET. For Example 2 , Al and L. levels are
measured in duplicate in quartz glassware fo minimize background Al
contamination. A single test in standard giassware 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 HoSO4. 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. HNOj3; 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 difute to the mark with 18 Mohm

water.
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Li - 670.784 nm Radi al plasma view Internal Standard Line: Sc -

361. 383 nm Axi al plasma view Calibrate the instrunment - 2 point
calibrati or:wy%jmq@s&%cal i bration blank and NI ST traceabl e standards
prepared at the 1 ppmlevel. Aspirate the sanples and af&T{F00§43aY 3
replicates. Report the average of the 3 replicates. The It.V. val ues
descri bed throughout this description are set forth in dL/g units as
cal cul ated fromthe inherent viscosity neasured at-25Cin 96 WO
2007/ 035256 PCT/ US2006/ 034616 60% phenol and 40%

1,1,2,2-tetrachl groethane h i ght . I r..S i ssol ved
in the solvent a ”%'VE'BHé@ﬁt'g%mﬁaﬂ’yﬁuggﬂﬁr%ﬂ%“ Wa?égﬁésg%ﬂpl es in
t he Exanpl es secipattrosthysy YCBaES):y of the polymer solutions is
determ ned using a Rheotek G ass Capillary visconmeter. A description
of the operating principle of this visconeter can be found in ASTM D
4603. The inherent viscosity is calculated fromthe neasured
solution viscosity. The follow ng equations describe such solution
vi scosi ty neasur lsbomenhfantigiigiéeilient cal cul ations to Ih.V. and from
lh.V. tolt.V: flinh =1]In (ts/t)]/C where 111nh = I nherent viscosity
at 25C at a polynmer concentration of 0.5 g/ 100 nL of 60% phenol and
40% 1, 1, 2, 2-t et r achl oSpay (Chambsyr: WaiagatGliass Syslanigrambpdleshi t hmis =
Sanpl e flow time throNgbulzecapi IQuarty GlageConeerddt vent - bl ank flow tine
through a capillary tmetorC = C@nuetd Catrtlan of pol yner in.grans per
100 nL of solvent (0.50% The intrinsic viscosity is the limting
value at infinite dilpPrsma Rdwdrhe 1450 Watts

Plasma Ar Flow: 18 L/min

Aux Flow: 0.2-L/min

Neb Flow: 0.65 L/min

Sample Uptake: 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 prepared at the 1 ppm level.

Aspirate the samples and analyze using 3 replicates. Report the average

of the 3 replicates.

The It.V. values described throughout this description are set forth in

- dL/g units'as calculated from the inherent viscosity measured at25°Cin — -
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specific viscosity of a polynmer. It is defined by the follow ng
equation: flint =1lim(flsp/C) lim(Inrlr)/CC+0 CG*0 where

flint = Intghy cosity fir ;Relatlve Vi scosity =
Specific w‘{’sgo@:ﬁtﬁi’/ﬁiﬁs -"1 97 WD 2007/ 035256 PCT/ uszd’%lg}[@é%%’?%‘"

I nstrunent calibration i nvoI ves triplicate testing of a standard
reference material and then applying appropriate nmat hemati cal
equations to produce the "accepted" |Ih.V. values. The three val ues
used for calibration shall be within a range of 0.010; if not,

correct probl emsgo@shehePawd 40%st, 1 PR-Riraghlorsiahghelny Wblghhr Pelymer
consecutlve results within this @@ge ar (Fe obt ai ne %B % /gB L
Factor = Accept eSRMpley arefispalved Ehife solvest pla cpnceryiatign of B2o g/o0m

Tripli cate Deter ﬁbr"é’irhﬂ@ﬂ TiRe E)&tnﬁ[ilébgbé‘c%hsﬁ%écﬁbs(tﬂr bf e pmyrhemt ) rray

be estimated using t rre er ‘equation as fo rijp”

0.5 x Corrected seltions !gpemrme@&n@ﬁ*@@t%i&‘ﬁs@aP'“?ﬂéV'ﬁ@‘?fB?@rﬁc%

for estlmatlngl Su

Pol ymer Sci . gégdr@gb@gy%%%é%&( [? ‘e#‘rﬁ?%‘@g' g\ﬁé e&efg%@s)ﬂf y n(%] ]nt he
pol ymer sol ut | onASTM DelB6eBNT he thhessmgisaosiiyl is ca latwbﬂom tbg measured
Differenti al \/sc ter. de i on_of Q pl e of
the differential SPEgs Y}?%OWSj@ 5@%@“%§H”%E’%Po%§éﬁ%9%§%ﬁ'b%ﬂsz25.
The uncorrect ed {ipbsdiigheasuenshisyandBubsbqyenticakalziionsiplheViand from
calculated fromthe Viscotek Mydel Y501 Relative Vi scorret er using the

foll owi ng equati Y- it Yh = [In (P2/KPi)]/C where P2 = The pressure
in capillary P2 Pl = The pressure in capillary Pi

Tioh = [IN {t/t))/C

where 1uan = Inherent viscosity at 25°C at a polymer
concentration of 0.5 g/ 100 mL of 60% phenol and
40% 1,1,2,2-tetrachloroethane by weight
In = Natural logarithm
ts = Sample flow time through a capillary tube
to = 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:

Nt =M (ns/C) = fim (Inny/C
C-0 C—=0

where Nint = Intrinsic viscosity
1 = Relative viscosity = t/is

nsp = Specific viscosity = n; -1
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In = Natural |ogarithmK= Viscosity constant obt ai ned from basel i ne
reading C = Concentration of polyner in granms per 100 nL of solvent
98 WO 2007/‘99%?@]2}3 PCT/ US2006/ 034616 The corrected I h.V., based on
calibration ¥&hdar d _reference materials, is cal c FICA{USg005/834616
fol lows: Corrected Ih.V. = Calculated Ih.V. x Calibration Factor
Differential scanning cal ori metry is perfornmed using a Mettler-Tol edo
821 e with Nitrogen as a purge gas. The calorineter is calibrated
using Indiumand Lead standards. A 10 mlli gram sanpl e is scanned at

a heating rate of 2 mn fr first
heat, held at terrpergf'ﬁ?‘l“g"?'gr a@g]mhﬁ TEJSR'”BZ@ r‘#?ﬁe%érqg rPdurrent
using the instr upgdtbnés/iratREpbAd tﬂiem Wn@ap]@ropnat@meﬂnpmaamalre
scanned a second tine at 20 C m.n ,,ﬁh\P ﬁj ﬁ‘ erat e fs%d
ni nutes, and the?ﬂ%ﬁﬂ?&pr@glﬂ%y‘%@@@m@ﬁ 64550 ?gﬁﬁ Isé'l

I nstrument sof t YR @aiﬁb?aﬁb??&uéll%éjﬁﬁf‘ﬁh@rﬁﬁ?é BEO SHOTRAN, bbleédiﬁadroblems
properties. The glass transition is id

as the mdgﬁm 3% etL t he
step- change in Hwtepﬁﬁbwshl@ﬂfgﬁn@?rdﬁérﬁb@éﬂq P@‘ﬁ%%‘@ IegH BetReen

approximately 11 gaa?go ?,heg The exotherm c peak tenperature (if
present) is iden P& as e Tch, or tenperature of crystalli zat| on

upon heati ng, and t HealtbestiondFactor= Aabented . ¥nof ReferanseiMateiak/ om t he
integral of area on the exot hermﬁ.y%"a&%o?*l’n[}lr&%té)ﬁé rhﬂ%tlon?e mel ting

tenperature, Tm is identified as eak erature on

endot hermi ¢ si deTRé irfissic Wisesdity(R.V. @R, aaly of estiphdted gsing tha Billmeytesd
fromthe integral of area on the endotherm c side of the baseline.
The heat of fusieationiasdalawsied as the di fference between the heat
of nelting and the heat of crystal lization. The tenperature of

crystallization upon cooling, C( tids \{ dentified as the I]aq)eak
exot hermi c event of tm.e-db!ﬁl{e?ﬁ’i 8‘6”86‘6’i—rild‘*'dar?ﬁ)bﬁﬂﬁ'ﬁc@ﬁé V

The reference for estimating intrinsic viscosity (Billmeyer relationship) is
J. Polymer Sci., 4, pp. 83-86 (1949).

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 (nin ) of each sample is
calculated from the Viscotek Model Y501 Relative Viscometer using the
following equation:

Minn = {In (P2/KP)VC

where P, = The pressure in capillary P2
P4 = The pressure in capiliary P+
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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experinment. The solution haze is neasured by nephel onetry. Sanple
(2.3 g and 30 niL of sol vent (30% hexaf!l uoroi sopropanol, 70%

met hyl ene %% H vol une) are placed in a 8-dramyvial.

organi ¢ por 'he pol yester polymer sanple is all 3&5@5?@6’03461(
di ssol ve. The soI ution in the vial is then 99 WO 2007/ 035256

PCT/ US2006/ 034616 read directly in the Hach Ratio Turbidinmeter. The
val ue reported is in  nephelonetric turbidity units (ntu) and is an
average of four readings. Four readings of the Gelex 0-20 NTU

standard are takemnguicibd IRy, 3888 67 calitalioffi] 3enfiE PLiLAGRET Used

as a starting materi In a 'he ex about %
conversion by promateriiRis qaiwlaiﬁﬂase’olinwas about 2.0to0 2.2 mole %

The DEG | evel is about nthe stirrer
and the flask can |rrpacz(iﬁ"'?qﬁ‘:"él |n'i sk’%l (@Eft%;@ﬁ] é%u?ﬁ%%ﬁgﬂﬁaﬁg’rt or que
termnated runs.. A paddle stirrer is selected to have a typical fit
with the flask be Prior e run, too aste

the 1 ack,  whi ch PLSHHER f9arrirg caImeAp B ETEeR FEE.S MeRipraoaihg,
i pped Tefl on tu@zwldltmﬂﬁﬂ)geﬁ%é haRl das. RGeSl s fsheulibkdtéd BSingS
pushed up and turned by The clear areas on both sides of the

center are neasunaym ml—ﬁ?g?ﬁ”gﬁrqsh@ o Ewﬂgréﬂb%ﬁﬁﬁdﬁ saannscat a
between 1.7 and Zzghting ri‘hteﬂ"f%O“(ﬁﬁn@ fr&nrrb&ﬁqgm Blatifelih g@@t"@rm%nﬁjrs

acetone prior to use.”For condensat i on, e ground ol i goner E103
g) is weighed inthead hawdgt mneéatur%fqn@mmnwkaino\ramfm@mﬂbelmmdﬂtask

fo the 1l ek, ThdMFEEALARAHSRMIE o0 K loctf bR, de

paddl e stirrer sedcaoned amecommbmepa’cé_’ﬁém/m@ tpéagﬁdﬂahhlcbaddempgreﬁsr@ for 2

B e e por Tyt B F e drl el g oG R Eom bPorye

ni trogen purges tlnsturheticsoftwareisamsdl todetbrmite) hessunsthakaherag i n the

lab cool fromt heprg;lajé I de Fu arsg tltarl]lsﬁlgn |§/ J;iﬂeamf:fied as the midpoint of the step-
change in heat-flow near 80 °C. A baseline is calculated between
approximately 110 °C and 280 °C. The exothermic peak temperature (if
present) is identified as the Tch, or temperature of crystallization upon
heating, and the heat of crystallization is calculated from the integral of
area.on 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, Tec, 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% hexafluoroisopropanal, 70% methylene chioride, 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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neets the flask) to the inside (where the polyner neets the stirrer
rod; the deepest part of disk is in the center where the stirrer rod
Is | ocated ol ynmer disks nade in the Iab are coolin sone
AA generat%%%ZNWMgﬁtpcur In a production environnent, ﬁSFﬂ@%m@pyéﬁds
or nelt globules that becone particles or pellets are much thinner
and cool much nore, 100 WO 2007/035256 PCT/ US2006/ 034616 quickly
than relatively large disks or are actively quenched. The %
reduction in free AAis still of interest as the point of conpari son

and the experinent adlreifhgﬁbtg,@‘ﬁac%qg&%)‘tﬂ% veﬂge?é ted is in

Conparative Exa |on 1S ma
et hyl ene gl ycol ﬁemlcbmeﬂmcumblcﬁtye.tmeénm iamﬂrsaareaveékage Oﬁfcxmmavling% Al

ontal ned 2. 1o EpusRgRor PERRPE O et oA BE @ alalhe

w./wt. % Sb sol gimpRsiasse Fle from antinony triacetate in ethylene
gl ycol. The sane ol i1 gonmer and procedure as described above are used
to prepare the polyner of this exanple. The polynerization reactor is

operat ed under coRE F@T &i%;o%e%%& BEM staﬁlhg%té% i$ %A ‘H%rbxé—‘rhﬁlﬂéwd
to i nplenent the oW ng array

St
(min.) Speed C #ébatiy to@BhHMp cpn@emlozzmr mgt@nd\lMBmi'bez%guwgl Iﬁéﬁy@uts 2
285 140* 300* 4,1, 385, 140, 3081, DAA 1BRR iRl 4 FcfSH, 51 300 7 2

285 140* 300

The fit between the stirrer and the flask can impact the finisher time
required during torque ;ferminated runs.. A paddle stirrer is selected to
have a typical fit with the flask being used. Prior to the run, toothpaste is
put in the flask, which is then fitted with-a paddle stirrer, polymer head,
lipped Teflon tube and hose. The flask is inverted as the stirrer is pushed
up and turned by hand. The clear areas on both sides of the center are
measured, The width of the clear areas should tota! between 1.7 and 2.7
cm. The flask is rinsed out with water and acetone prior to 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 fo a side arm and a

purge hose, two nitrogen purges fo 0.5 torr are completed.

Polymer disks made in the lab cool from the ouiside (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, molien strands or melt globules
that become particles or pellets are much thinner and cool much more
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8 2 285 140 300 9 2 285 4;5* 300 101 WO 2007/ 035256
PCT/U82006/034616 E12 20 285 4.5 300 10 285 0.8* 30* 500# 285 0.8

q@ # = torque termnation A nolten bath of Bel nont netal
|s ralsed t 0§%VWSﬁﬂH the flask, and the CAM LETM ar r apCT/US2006/034616
is.inmplenmented. The tenperature listed in Table 1 is the one used in
the array. For instance, if Table 1 indicates a tenperature of 270C
all of the 285C in the above array are replaced wth 270C. In this
array, a "ranp" is defined as a linear change of vacuum

control s, 103wt dEy B H PRI e b Rrhe apE s >
triester in 80 vﬂed&’mtaﬂhyﬁm&eﬁ@iwsidibf&ﬂdeﬁﬂ%ﬂwﬂntﬁhof&o&%ﬂod'&hdﬁ@e
Stage 8. The stirring system rated on t e between stages
2 o005 The. fi riPBRBmeDiEsE%% bavs Sbow e SR dobldiBa  he ot rrer
torque target is net or exceeded on three separate occasions. The
polynmer is cooled for ahout. 17 mn., separated fromthe gl ass fl ask,

cool ed for 12 mi nCORREN MDIShedi ately into liquid nitrogen. The
pol ymers are grougg, @W”%%%bbﬁtloﬁ% (AadS irfetyIBRE SH/cBERom ilium
residual or free AA sanple is kept frozen until its neasurenent by

headspace GC per amgﬁw;dlfwdmt_s—@@ 02w wilatoshl solution dswmade imasiter flomThe
cat al yst targets %@%EF d
Al . The catal yst ar Snﬁﬁuréﬂtﬁarfétaté%ggﬁgﬁm vve% g%’a ou rsﬁg'%ﬁ'“r)no@é;ch
Li and Al. The | iadd (Bhahliazea)l &n@ B6 mit./win Pe Sb abludiof’ is_maelta fidR pntimsng
target of 4 for ru Table 1 The lithiumto

al um num nol e raﬁl %Ge(ttgt% "lrﬁfh kﬁ._ge)gﬂ?%olnr Y 8{59(:598" Bﬂcﬁﬂlﬁmﬁ‘ﬁe | CP
data for |ithi umdesdribédiabovenarcerset $o priparaiegsolaner ot threxdinypiei ng
the lithiumnoles by the alum num noles. These cal cul ated:

The polymerization reactor is operated under control of a CAMILE™
automation system, programmed to implement the following array.

Stage Time Temp. Vacuum Stir
(min.) o (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
B 5 285 51 300
7 2 285 140* 300
8 2 285 140 | 300
-9 | 2 | 285 | 45 | 800 | -
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Li: Al
there

6
nmeasur enent.s, 5 00],}3% N 2007/ 035256 PCT/ US2006/ 03461

MR are negatively inpacted by the follow ng two issues.
I s nore background contam nati on possible in the ICP

PET for than

exanpl e, where Al and Li
standard gl asswar e.
two snmal | :
bei ng divided make big changes in the Li:Al

di vi di ng

Li:Al MRis

Fi ni sher

(ppm ppm ppm MR (gpmy
88.2 29.2 19.2 2.6 0. 879

50.6 43.7 3.4 0.849-06-901

Free GEN
(ppm L*
-2,2 7.9
24 6. 45

285 50.6
1.6 80.8

pref er :
XRF|CPt347§375 i Y sb (Al 2BEP Li B Al

First,

for alum numin
umin PET. This is especially tru8Cls2006/p4e16
| evel s are neasured in by a single test in
there is a lot of variability when
that is, small changes in the nunbers
MR. Use of the targeted

Secondl vy,
nunbers,

6 PCT/U$20067/ 034616 Tabl e 1

XRBOP |lhv 1tV (min)

g — o169 19 0.852 0.90-5
8.

g
0.98b 12528554, 5 @&8*2 3. 13 97 0.854 49.2
139.7.1252 0. 814 0 _8621AA inltion Tenp.

Vs VIO Z(]U 1 U357

AY £ <l 1 L0 e O
JI. O

a1
0o H

Haze (deg I12P AN 5@ Li} LHspA 295438 (nfu) 3pSanples © (ppm
a* b* adj .L(ppn (ppm) dB-12 0.19 19.6 149 270 35.8 19.6 85.2
78.0 13.9 41.7 6.85 IoaArapgs#2doraud &raingsor8 - 2.0 8.4 78.3 27

139 270 54.5 43.2 86.3 -2.2 8.5 78.6 13.3 43.9 33.75 138
43.7 85.3 -2.7 11.1 75.3 29.9 39.6 22.25 147 275 82.8 1.8
16. 4 34 AMmpliersbath of Beimont metal Is raised to surround the flask, and the

CAMILE™ array is implemented. The temperature listed in Table 1 is
the one used in the array. For instance, if Table 1 indicates a
temperature of 270°C, all of the 285°C in the above array are replaced
with 270°C. In this array, a “ramp” is defined as a linear change 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
untit 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 LAl runs in Table 1.
The lithium to aluminum 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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104 WD 2007/ 035256 PCT/ US2006/ 034616 The adjusted L* color (L* adj.)
i ndi cates the inpact of toning on the polyester color. The formula
used subtracts 0.8 tinmes b* fromL* and adds 0.4 tines a* to L*. The
acet al dehyd¥9 §¥#8#3%%d upon nmelting at 295C for 5 mi n. PC/USAMEPHGI6as
"AA GEN 295/5." It can be seen from Table 3 that PET prepared with a
l'ithiumalum num catalyst systemis brighter (higher L* color) and
nore yell ow (higher b* <color) than the Sb control. The L* adj. for
PET nade with a Li/Al catalyst systemis |ower than that of '

Sb- cat al yzed PET. C 295/ 5 hi_gher than he Sb
control . At the Ig\&/\%l E’tﬁ‘lg] @t%‘iﬁ@éﬁ%&”ﬁ%'” BE& J@&'(?HS e?ﬁ’?é"a'yt"”e for
Li /Al -cat al yzed PHis kasmbles#hpay Al aid ldtievelwge r’héééhr&@m th@s‘l A& bl -
Exanple 1 The Sb spl ti descrl ed |B’m%mgara ve Exar‘rP are used
here. For each t)?%é‘ ﬁ?%'%f@t QSRNIYmNEs 8 157 Jatof variability yhen dividing
tenperature conbtucr@tsrr@n nuirbers, 'tﬁét%%’fna‘il'dﬁ%n%éé’m ﬁue%uwéié'semg divided
termnated run in Conparative Exanpl be the finisher

(stage 12 time) ugﬁb‘elqgc?qﬂge?sé&w'é\[ Mﬁ*re\—'%ﬁ’%thﬁlta@@ml-ld-ﬁdﬂi:{ IS
procedure are usegrdgrglgscribed in the introduction to the Exanples
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 to alum numnole ratio
("Li:Al MR') has a target of 4 for all the Li/Al runs in Table 2.
The phosphorus target is O or 120 ppm. For Li/Al runs in Table 2
with a phosphorus target of 120 ppm an oligoneric phosphate
triester with about 9 wei ght/wei ght percent phosphorus is added neat
in Stage 14 of the followng array. For Sb controls, 1.03 w./w. %
P solution of the same oligoneric phosphate 105 :
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WO 2007/ 035256 PCT/ US2006/ 034616 triester in 80 w. % ethyl ene gl ycol
and 20% n- BuOH was added during Stage 8. The pol ynerization reactor
I s operated under control of a CAMLETM autonation system

progr anmed YO2HHi5&%ent the fol l owing array. The tenpePETHS06/934616d
in the Table 2 is the one used in the array. 106 WD 2007/ 035256

PCT/ US2006/ 034616 Stage Tinme Tenp. Vacuum Stir (mn.) Speed C
(tort) (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 10 20 285 4.5 300 11 10 285 0. 8*
30* 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 Table

Finisher [ XRF | ICP ,
Temp. | Time Sh Al | ICPLi | LEAl | XRFP | Ihv ity
Samples | (degC) | (min) | {ppm) | ppm | ppm | MR | (ppm) | (dlig) (dL/g)
CB-12
149 270  169.2 35.8 196 | 2.1 0.852 | 0.905
164 285 88,2 29.2 18.2°] 26 R 0.879 | 0.935
139 270 1256 545 4327 a7 0.807 | 0.854
138 285 492 506 437 3.4 0.849 | 0.901
147 275 1397 252 19 | 0.814 | 0.862
AA Solution
Temp. Free GEN Haze
(deg | ICP Al | ICPLi L* AA 285/5 {(ntu)
Samples | C)} | (ppm) | (ppm) | L* | a* | b* | ad]. | (ppm) {(ppm)
CB-12 : 0.9 18.6
149 270 358)| 196|852 22| 78] 780| 139 417 6.85
1641 285| 292 192|858 -20! 84| 783 27 24 6.45
139 | 270 545| 432863 22| 85| 786 133 439 [ 3375
138y 285 | 50.6| 437 (853 27| 1111 753 | 209 306 | 2225 ‘
147 | 275 828 | 18] 1.6 808]| 164 34.4 295
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WD 2007/ 035256 PCT/ US2006/ 034616 Table 2 Fin- isher XRF ICP ICP LI:A

XRF Sam Tenp. Tinme Sb Al Li | ICP P(dP }h;/ Itc\é 12i i;g(gsg %ng(rznén)S
(ppm ppm bpm (ppm (dL/g) (dL/g -
21.2 3.5 1%‘]3{7’%’} 0.809 166 285 88 29.2 19.3 2.6 0 BCHHS2096/0%616

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 19 0.827 0.876 | CP AA Sol u- Tenp.
P Free GENtion (deg ICP Al ICP Li ppmL* AA 295/5 Haze Sanples O

(ppm (ppm L* a* b* adj. (ppm (ppm (ntu) C6-12 0.9 19.6 159 270
23.5 21.2 127.6 86.8 -1.6 6.4 81 3.3 10.3 6.0 166 285 29.2 19.3 0

64.3 -2.2 8.2 76.9 27,5 26.3 9.1 161 270 47.6 42.5 0 85.8 -2.0 8.0
78.6 11.1 31.5 37 %dltiﬁﬁdégsol@gih ah) indicgtessthg impactofdoning opdhe 7. 3

10.9 10.2 156 2758842 ool 21fle Brifidusk: sibfao 28 tifhes W NPL* and
2007/ 03, 52M PCTT (0008 SRL1E ® et stiofdors (4 hos alyzed ™"
sanpl es made at . Zrge hiiwes alide Lf.\The acsteldgehyde genepied upadenaltin@86C.
D fferent torque b e . e w ent tenperatures,

whi ch af fect vi scé(?g)i @i&ﬁ}@{}\rﬁ\;&éféb@ﬁjﬁ% ﬁ?gﬁ €'gazg'rt of the answer as
the IhV for the 285C runs in Conparative Exanple 1 were only about

0.03 di/g higher !iI cpaan é Qeeenzzzrgr% Tabis Siﬂ?attFn':eT prepared with a lithium aluminum
catalyst system is brighter (higher L* color) and more yeliow (higher b*
color) than the Sb control. The L* adj. for PET made with a Li/Al catalyst
system is lower thah that of Sb-catalyzed PET. In most cases, AA GEN
285/5 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 exa'mple. The same oligomer and proceduré are used as described
in the infroduction 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
targets 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 Sh
controls, 1.03 wt./wt. % P solution of the same oligomeric phosphate
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sane exanple. The PET sanples made with a Iithium al um num cat al yst
systemwi th a phosphorus conpound added | ate have much | ower free AA
and AA generated upon nelting. Conparing PET runs with |ate addition
of about THPHHPF rom a phosphorus conpound to anal o@6FS206/PIH6HS-
term nated PET runs with none added (see Conparative Exanple 1),

there is about a 76% reduction in the anmount of free AA and about a
74% reduction in the anount of AA generated upon nelting. These
reductions are arrived at by conparing run Sanple 149 in Table 1 to
run Sanpl e 159 ificdRPieESE

1Mo Tun Sample Loh o et e S RnE URA A0 BACR fed ebd pRER ©
runs in Table 2 $#9eP1 extra minutes at the end where the phosphor us
conmpound was added and mixed in to the polyner nelt (stages 13-16),

of which 6 m nutes were under vacuum . Conparing the average of
Li/Al/late P runsTheopolmeesatooneactor isroptedibe uBder cdrrobof 5 CEL'&MNHETa 71

% reduction in t ree AA and.abouyt 8% eductlon

t he anount of AArngener aﬁa&&%@hp%mm'ﬁﬁg t‘wﬂiﬁﬁ?‘ﬁﬁb& ’%‘1 LIRS Ehe
Li/Al/late P runsetmpeBurkdistad] ihiahé FaBle 2 8eh& ohs uab@H tha arﬂs@%
reduction in the anount of AA generated upon nelting. Wth'l ate
addition of a phosphorus conpound to PET nade 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 bottle market or as a dual use
resin. 109 WD 2007/ 035256 PCT/ US2006/ 034616 The free AA level in
CB-12 is very | ow because CB-12 has been solid- stated. The free AA
of the pellets made by a nelt phase process can be reduced by ,

t echni ques descri bed herein, such as AA stripping with warm air or a
|l ow fl ow of anbient air, prior to introduction into a subsequent

nmelt processing zone for making articles. It irs of note that the Sb
control is made at 275C. Even when the PET
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with Li/Al/late Pis made at 285C, a nuch | ower anount of AAis
generated upon nelting . The higher tenperatures at which PET with
Li/AI/IateVF g@g} be made without a | arge negative inpact on AA
gener at i on WALRYY34%ng with the inherent higher nelt- pRESAISEAEAMGE ¢
activity of some Li/Al conbinations, open up the possibility of
faster nelt- phase polynerization rates than with Sb controls. At the
hi gher | evels studied of lithium & alum num catal ysts, PET nmade wth
| at e addition of a phosphorus conpound (Sanple 154) has rmuch | ower .
particul ate haze: about a 54%reduction relative to the no

phosphorus added case in Table | (Sanple 138) and about a 66%
reduction relative to the Sb control in Table 2 (Sanple 156).

Conpar ative Exanpl @ @pqd (1. : . I, solutifon_i's Tade from
lithi um acetate di Hydrate i Q{i,;é(\ﬂ . A/3UBMy 4 ofth s |t he sane one
described in Conparjative an'é:?e | .cThej ol 'cggrrer H%Pdpr ocedure used
are described in the introducti anpl es @ﬁ_ﬁti on. The array
and anti nony sol ut ijonr—tsed—are n-Comparati’'vg Exanple 1.
The lithiumto al ufinim [nol®1ratfi 0285Li[ Al 74R') | hagy a tjarget of 4
for all the Li/Al fung 1n Tapl e 3 _The catatystitargetg are -11.5
ppm each U & Al, -28.5 ppm etth Ui &% | or7345. 5 gpaieach Li and Al.
910 WO 2007/ 035256] PCJ/ U200 /034619 Tgbl e %* repp.._Frmisher XRF | CP
|CP Sam Sam (degfF-me—-Sb Al Li [I] % )‘RF']IQ | hv] 1 290 plles pies O
(min) (ppm ppm ppm MR (ppn) 1(dL/|g) 2#iug) H 27D 308. 3]15.5 16.8 4.2
0,82 0.868 92 2851572201+ 146—2—E-846 0.8 277.5 90.7
34.8 36 4 0.829 0.87% 84 270 151. 7284. 1 550 4 D. §p0. 68

6 5 285 51 300

7 2 285 | 140 300

8 2 285 140 300

9 2 285 4,5* 300

10 20 285 4.5 300

11 10 285 0.8* 30*

12 various 285 0.8 30

13 3 285 B50* 30

14 2 | 285 650 30

15 1 285 0.5 | 45

L 5 285 0.5 45
*=rarnp ]
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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 San'gl es Samples C) (ppm (ppm M L* a* b* L* adj. 54 270
15.5 16.8 AYQ2W70352561 g 7.2 80.6 92 285 20.1 14.6 2.8 BETHS2RG/BHES2
78.9 48 277.5 34.8 36 4 85.3 -2.1 8.3 77.8 84 270 54.1 55.9 4 85.3
-1.9 10 76.5 139 270 54.5 43.2 3.1 86.3 -2.2 8.5 78.6 53 285 55.3
59.3 4.2 85.4 -2.4 10.8 75.8 147 275 82.8 -1.8 1.6 80.8 111 WO
2007/ 035256 PCT/ US2006/ 034616 Per Table 3, there are opportunities
with a Li/Al catalyst to significantly shorten the finisher tine
relative to the Sb control. Gven appropijate reactor designs,
shorter finisher tinmes translate into faster PET production rates.
Li/ Al -catallyzed [PET is bFifght er and mgre yell gw than 5 Sp-catal yzed
PET. Wthoyt theg addit i dsheofl Kgufe| ptogpberluga |t here gre ho
Li / Al - cat ally: r t hat..ane 4.astex, th Sh & ve_t he me

hi gher L* a%?@ﬁst%gr.ﬁpE ?ﬁ% e 2§b10 hle sg,rqre 2rr2§*’§ d (P)I i golﬁgr c?t(’
phosphat e t|r PEStlePeqFk | (BBY | d8Pdels R noa™ || MREXERM [Pam) Fisk/ak hd#i/g) yipe
of catal yst| &Bystlem cafjal ystf | evel and tegnperfature conby nati pn, tHe
finisher tijnme frlomthe{torque termnnation?i rur in Ch)rrpar tive|l Exanpl e
2 wWill be tthefinisherltinmeiused jin thi example |The sjanme [ [t hium

ini-sher|tiy S \
and al uni ndm S1jut i 668 | ar'&® lised ds 238 | & 2dr PBAAITR Conpalr 8¢8%p 0.809

Exanpl e 2 and'%gnpazéd | ve 8&xanpl ¢ 29.2 [riesgeesilvel v.| The 0begH|Tes g6ard
procedure (sefiare g@ESCTipEt T the7 512251 35 5 0776 | 0818
154 285 49 491 | 421 3.3 | 1305 0.881 | 0937
156 275 | 140 258 19] 0.827 | 0.876
icP AA" | Solu-
Temp. P Free GEN tion
(deg ICPAI | ICPLi | ppm L* AA 295/5 | Haze
Samples C) {ppm) | (ppm) L* a* | b | adi | (ppm) | (ppm) ! (i)
CB-12 0.9 19.6
159 270 | 235 212[ 1276 | 868 | 16| 64] 81 33| 103 6.0
166 285 | 262 1983 0| 843 | 22 82| 76.0 275| 263 9.1
161 270 | 478 | 425 0| 858 20| 80] 786 111 315] 375
154 285 |  49.1 4211 1305 | 829 | 25| 96| 743 73| 109 10.2
156 275 80.2| 19| 13| 784 183 | 32.7| 29.8
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' ' ' ' | ution used is
introduction to the Exanpl es section. The antinony so _
described in Conparative Exanple 1. 20 The data are shown in Table 4.

[ "Li: f 4
lithiu umnole ratio ("Li:Al MR') has a target o
;rg(ra a:I g&é?%%ilglﬁs in Table 4. The catal yst tar get SCHUS2004/434616
ppm each Li -28.5 ppmeach Li & Al or -45.5 ppmeach Li & Al.

2007/ 035256

The phos horus target was 0, 120 or 240 ppm 112 WO

PCT/ IE)JSZO(IC))GI 034616 Table 4 XRF P. M P: Al Tenp. Finisher Sb I|CP IC}D 5
Li: Al Mole Mol e XRE Sam Ede g Tine (ppmA Li Mle ICP P Rat! Rat
Ihv 1tV ples C) lnriahle 2. thek/phoatrlyred sémplek made 4aM0°PC(He) mﬁxém/)s

2 270 308 12.
I5 2 4.6 269 3 oan > setacded bt & dyec hifd A ioycue tegatesrs splcpteal
0.768 0.81 100 Z@M!ﬁ@‘éniﬁan@etétuﬁesﬂfm%&;lé’ff&%glsg%@Sﬂé‘% g%,zagq,% E 47.25
126°0.63 3.3 0, 78R PISaTod sg7edny fordho 2389 s n Crampwative 3.5
0.769 0.8 11 57 aﬁmméﬁw@e%ngfeatﬁ)uﬂo@:%qj O%ﬁéfgleﬁl}@({g%%g @%@Jﬁ!, 49%20
53.6 59.3 4.3 2 99 0.83 4.4 0.708 0.743 9 0 ‘64,
0 0.803 0.849 655@5‘”@@1%@_4585440000848' 0.9 71 285. 43
53.0 56.3 4.3 230 0.72 3.8 0.788 0.832 60 275 140 243 16 0.782 0. 826

The PET samples made with a lithium aluminum catalyst system with a
phospharus compound added late have much lower free AA and AA
generated upon melting. Comparing PET runs with late addition of about
120 ppm P from a phosphorus compound to analogous, torque-
terminated PET runs with none added (see Comparative Exai:nple 1),
there is about a 76% reduction in the amount of free AA and about a
74% reduction in the amount of AA generated upon melfing. 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 io
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 13-16),
of which 6 minutes were under vacuum..

Comparing the average of Li/Al/late P runs to the Sh 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 meliing. Comparing
the average of Li/Alliate 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 LifAl 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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65 275 140 244 16 0.785 0.829 74 275 140 239 23 0.82 0.8 88 104 275
140 232 18 0.786 0.83 113 WO 2007/ 035256 PCT/ US2006/ 034616 | op

Sol u- ?}H ion Free GEN (Deg (pp ICP Li I1CP P Haze AA 295/5
Sanpl e C) 2 ppr‘r) (ntu) L* a' b* L* adj. (ppn) (PpMLS20eg34616
-0.8 16.8 111 270 12.9 15.9 0 3.2 87.0 -3.3 9.8 77.9 11.4 21.9 82
270 12.8 15.2 252 4.7 85.9 -1.9 7.9 78.7 11.4 18.6 98 285 12.7 15.1
057 85.8-2.57.678.7 18.5 23.3 100 285 12.6 15.4 217 4.4 88.4
2.6 7.9 81.0 18.6 22 7 73 277.5 33.7 36.4 121 5.8 86.2 2.0 8.8 78.4

3795 32. 1 36, & Thedias AR gweL I GB3Zs Yonfiol tallsd 0B ZnGs beln Sglidt o

0 57.0 87.4 -1. %ta?ce& B Hed AADT G dellds nide B3 MeiPhasaflo@ssgand® 0
-2.9 8.2 800.3 4.5 12.7 96 270

'9.58.6 0 59.0 88 2 -3 3

11.6 29.5 64 28§dl539dzb&5t8°%meuﬁ%g%s%'€’eg hegeln, %R?Sﬁ’gﬁtrﬁ’f"“ﬂl‘é@ﬁ) &’Z‘ﬁ"?%
285 53.0 58.3 23@’(71’ 418 flow ofénﬂnérﬁa@ Eﬁo&oant?oc&@ﬂoﬂant@@ Sibsedderd
81.1 -1.4 2.3 788.7 944.8 25.3 65 82.2-1.6 1.3 80.5 16.5

7.1 74 275 3. 3 roelpprosessing zgue Hr mqklryg ﬁrhﬁle% 7 18.6 32.1 104. 275
20.581.9 ) -1.7 1.1 80.4 16.1 26.6 114 WO 2007/ 035256
PCT/ US2006/ 034616 DSC XRF DSC Tml b DSC ‘DSC DSO

It is of hote that the Sb control is made at 275°C. Even when the PET

with Li/Al/late P is made at 285°C, a much lower amount of AA is
generated upon melting . The higher temperatures at which PET with
Li/Al/late P can be made without a large negative impact on AA
generation rates, along with the inherent higher melt-phase catalytic
activity of some Li/Al combinations, open up the possibility of faster meft-

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 (Sampie 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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Sam Tenp. Sb ICP Al ICP LI ICP P Tma (deg Tmc Tch2 Tcc le de C

mm

(ppm (ppm de C) C) de Cde Cde C 111 270 . 12.9 15.9 0 180 200

239 159 14 70, . 12.8 15.2 251.6 1991.6 . 238 155.4 149.4 98
285 . 12.6%%%§%W§”f§4

179 194 239 152 151 73 277.5 . 33.7 36.4 120.6 1885.4 . 238 155
151.7 68 277.5 . 33.9 . 36.5 126.3 182.6 . 240 154.7 151 58 277.
32.1 36.8 130.8 238 154.4 152.4 57 270 . 50.9 58.8 0 202 . 241
1447.1 1554.1 88 270 53.6 59.3 269.4 192.3 240 143.2 153.4 96 27
51.9 58.6 0 188 . 241 149.4 152.4 64 285 . 51.4 58.5 0 182.5 . 23
153.3 146.4 71 285 . 53 58.3 230 238 150.7 151.4- 60 275 243 238
160.9 163.8 65 275 244 239 155.4 161. §abl3275 239 236 154 155. 4
'104 275 232.237 154 165 115 WD 2007/ 035256 PCT/ US2006/-03461

242 155.7 151.7 100 285 . 12. 6PeEUS2096/G346416

5 .

0 .
9

OO OPTro O

1

Wth the additioh of |I'&Me |Ji5esnoftls, 'Pﬁer@:a’e Li /]Al - catal yzed ru
that are fasesr| Shavie(dss |joie fir &8 AAA evel, | hdide @R dmwer P v
generation nage, | phave @ |lowein) Sdpur)i qmrﬁham eval ,| @pd héds) aldlg)

simlar L* adiggted,—jrehbmtivepest|o the &% Ca8B [ 0l Shz [RUN Sanplkes 05 | 68

& 73 have cat alyst—Hevelbsetmanett—33ppmfyTand @bout 8 7; fIpTotess
pol ymeri zat ilon "f enperiat iire ot 2dhout 1227 5¢

ﬁnd a‘bellf :I._’_R a2
added | ate (P.MPMR of] 4Bt 0°6). o1 &Verad®| rurs Sanl P2 g 08

73 have abolt &485% rieda®tli omhi/d fi ni sHel 589 fre, dbput a|78%% | 0868

reduction i nmfTee Ad | aboUl 256l Y redect| @az || n 38A genen 406N ot

i
about a 74%tegueti-onTHgsSot utEON haZesEB T se Ut A e Sanen.dos | 0.852
adj usted, relative to the ISh co Llet e

rnl d ho o
P A A SR ET o S SR B B L °afm= 19 | 0.814 | 0.862

Temp.
(deg [ICPAl| ICPLI Li: Al
Samples | Samples C) (ppm) | (ppm) MR L* a* b* L* adj.

54 270 156.5 16.8 42| 87.2| -1.8 7.2 80.8
92 285 201 14.6 28| 865 | -2.B 8.2 78.9
48 2715 34.8 36 4| 853 | -24 8.3 778
84 270 54.1 55.9 4] 853| 1.8 10 76.5

138 270 54.5 43.2 3.1 863 -22 8.5 78.6
53 285 553 583 42| 8541 -24 10.8 75.8

147 275 . g28! 1.8 1.6 80.8
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tenperature and catal yst levels but without |ate phosphorus addition,
Sanples 48 in Table 3 had L* adjusted of 77.8, |lower than the L*
adjusted for the Sh controls (about 79.6). Run 71 has catal yst |evels

of about 53PN RP?¥nd about 58 ppm Li, a pol ymerizati BRTUSHIEPHENS e
of about 285C, and about 230 ppm P added late (P: M MR of about 0.7).
Run 71 has about a 69% reduction in finisher tinme, about a 59%
reduction in free AN about a 63% reduction in AA generation rate,
about a 66% reduction in solution haze and about a simlar L*

adj usted, relativy cont | . . O t
| evel s of about 1%3@35‘%“ %ﬁ’ tﬁ%ﬁ %%ootrﬁ)?’ Eﬁgmﬁ%%%tﬁ% ﬁgggoﬁj@nsgﬁlg'gﬁ ?%%L't}gﬁ
t enper at ure of alahottef T ikisler2B&elativedp divd Bbedoptrok Giveabapprogi@ieppm

P and 217 ppm P added l.at.e e ti,vel. P: M of about and
Zbout 2.6, "t espedErasr oSS, shERERAT tineSdiatcltte Gt BRI AT At es
gg e 2I8 ght;rl g Or3th”r§d@%io&ﬁdteéplg/Aiiobw1yie?rPE?Dn’ﬁb@teﬁ%:éi_rﬁbr&yel?l%w Rans
: : ve P Jhe optipum range. sanpl es
catal yzed by the %@@M@ﬁéﬁﬁ‘%ﬁﬁ&@&&%ﬁ%%@%ﬁr us, there are no

tenperatures for GyshhzbdAnOhatBRITaSRPHAMISH BRIMERE tTERsdmé br hitfer
116 WD 2007/ 035256 PCT/ US2006/ 034616 154C) than the Sb controls

(ave. -1620C). As IT-adiisdebases, this indicates that the
crystallizationrate fromthe nelt is slower. Slower crystallization
rates fromthe nelt can result in less haze in nolded articles, like
preforns. Sl ower E@ysilaPl i zation rates fromthe nelt result in

ot oduct i vi 1y Pnor Aot Sei g oledtiiie RRESal TRrlh pre S iaorbe
cycle tinmes. PET &xampist.duralayps ¢gbebof datedydtisgbiem, lcataysd leVel hadel s
beak tenper at ur dSTPBRIGEYRTHITAtR: T8 TR GH IRELTTRYY s T gates
(Th2=143- run in Comparative Example 2 will be the finisher time used in this
example. The same lithium and aluminum solutions are used as -

15  described in Comparative Example 2 and Comparative Example 1,
respectively. The oligomer and procedure used are described in the
introduction to the Examples section. The antimony solution used is
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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149C) than the Sb controls (ave. -156C). The sanple with the | owest
Th2 (Sanple 88) al so has a phosphorus conpound added | ate. As Th2
decreases, this indicates that the crystallization rate fromthe
glass is REWM5E6ster crystallization fromthe gl assPEHUSHS6HHmIce
in thernoformable tray applications and resin producers who
crystallize anorphous pellets optionally prior to polynerizing in
the solid state. Wth |ate addition of a phosphorus conpound to PET
made with Li & Al catalysts, it nay be possible to get a nelt-phase
only PET with AA generation rates | ow enough for use in the water
bottl e market and/or as a dual. use re?'é@ezﬂ n addition to inproved
AA generation.rates _ PET e wth Lj catal yst systemwith |ate

1051
addition|of a phosp’horus éﬁFnround may| al s¢ have P g [proddcti o
rates, |pwer f|rEepAATnishewerSh hage, | EPowerAl ¢ryst aMble Zabiednxrm@tes fom
the nelt| Samd/{ordeg@qui e enfppdl Al NPrOVERISQISHR | IRk atdyg t® PEL,made,
wth a cppeéenti opal| Shincal al y$tyoms em,.+11 2007/ Q35
PCT/ US20B4 V4 §aﬂ§| 53¥ RV y@!‘”en%ﬁt'%g?pe‘f%m ol ﬁ%ﬁ“\%nﬁu hil {9

ot

an additive a allass f1adk achievies alunifbrm distrlibution of

~

addi tivel wifHiln Rel poPSher | i k9ari55ebdd ufiér wblil d|0 ofly witFo6 Es6.98

shear and nof2g t Pg. A3fol ynel 128 [the |[Sheat ars2 nps.omi erz al . 11 0.892 | 0.862

cat al yzed byesl6 pgm Li 1amd 21] SizppmeAl | addeg  TTght [after 0766 | _0.81
1 1 > d .

DA. o

(V¥
ocn 20 ’f@ﬁ 4. ' Z‘Iga” 25‘;1 }5“’ i W43 _:,EP.BZ

esterifijcati@n, &g ModyEAE %-DE
/

K a

Al PP o ;
haS an |- V3 U%77§ ACASar® 1 .2. 8p4 Thi s{poly

4
a"\ldf:??l + O q |

does notl-contdij y cat alyst ‘(}BPH 1TV '[4C?I’S E)QI’.I t oh@r 5.3""The pe 95836 | #1886

cryogenical 1Y [gf80nd t o*'dass & Bemibadrien| 18nd| AB0| B ans of | to7es [L0.539

pol yest er pdfdef7d@rle wellghed | rd2d (#6804 | rounjdo.dsof 8.6M|T I aSK.0.7681F 0.611

powder i|s drardéd am [IS0CsUnder | Taglol| sEBqEHT (@530 7 Mg Ho—ove 7 5787

about 16 S oA & ctom PR Rk ter—epa-H < sk tb rgo

'Eenper at o ecggr éﬁ:ﬁL S (;;zt or—1 f\?ﬁ?@ o3l ?gr - ’1?§gr‘f Lvat ?ig ddi t | V% 5 0743
wei ghed 9] 986 [4.4 o 0 0 0.803 | ‘0.849
64 285 43 614 | 585 | 44 0 0 0 0.848 ‘0.9

7| - 285 . 43 53.0 | 583 | 4.3 230 0.72 | 3.8 0.788 | 0.832

60 275 140 243 R 16 | 0.782 | 0.825

85 275 140 244 ' 16 | 0.785 [ 0.829

74 275 140 238 23 0.82 | 0.868

104 275 140 232 . 18 | 0.786 0.83
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into the flask. The additive is 85% or 95% phosphoric acid (H3PO4). A

15 polyner head with stirrer

with nitroge
thef|ask,9‘ﬂé%l'87

Time Tenp Vac Stir Mn. .
35275 730 0 4 5 275 730 15*

5 275 0.5 75 118 .

C Torr
5 4 275 O. 5*
WD 2007/ 035256 PCT/ US2006/ 034616

A molten bath of Bel nont netal
P3E% ol | owi ng CAM LETM array is i npl eneREBYS2084/434& 6
RPM 1 .1 275 730. 0 2 5 275 730 0
6 2 275 0.5 75*
*— ranp A
During Stages 2 &

35*

noderate nitrogen purge was enployed at 730 torr.

3, the stirrer

is turned slowy by hand. Follow ng the end of t he

Is attached and the flask purged tw ce
Is raised to surround

7

array, the|poly

gl ass fl askj

| i quid nitrpgen

mm Scr een.
resi dual AA

Al 1CP P Gar5¥dc

In Free Type (dUg

18.6 76 Nané &gk

r 1 sfecoled Tor abg@bu-IS m 1M, Separ gt ed—from Lh%
5 CZEJ;% fog @about |10 m nmngnd pl aced|i ln’lrrEd![ 2te;}§l§ thN
: D [ Al found cryogeni ¢a
The [e_esira%fja W T%fﬁ (%Alg >g'?rzﬁl e i*g Eept fr*oz en. gEt i | 29505
&8 ng 1 s dﬁ?m p"‘l“gal“ﬂ?”‘k H8 |AA‘0% Fre | 98" I| A a- |I(epmy | Lbom)
tn AA|Redectn PBanpl e Additive| L* a*. b* 29~/ 508N AéE
)_(@UGy2{ pp (PP | (PR _GRP-sSHas JP"?)? 9 T 525
6 378 328 P1dk TP2d 88513 O G 2 e ¥ Ot 979 T 5%
o8 285127 151 | © 57| 858 -25[ 76 787 185 233
100 285 | 126 [ 154 | 217 44| 884 28| 79| 810 186 227
73| 2775 33.7 364 | 121 58| 862 -20 88| 784 49 81
68 | 277.5| 33.9 | 365 | 126 56, 877] -1.8| 86| 802 4.4 7.6
58 | 2775 321 | 36.8 | 131 60| 87.3[ -1.8| 85| 798 4.2 8.3
"57 270 [ 50.9 [ 588 |0 57.0 | 874 | 19| 78| 804 T1i9| 384
88 270 { 536 [59.3 [ 269 278 880 29| 82| 803 45 127
96 270 [ 51.9 586 |0 500 | 882| -33[11.0| 781 116 295
64 285 | 514 [585 |0 . 455 | 883| -21] 102 773 27.7]| 3%9
71 285! 53.0 | 58.3 | 230 741 877 -19] 100 79.0 6.7 10.2
80 276 128 | 811 | 14| 23| 787 148 253
65 275 | 255 822 1.6 13| 805] 165 271
74 275 [ 33 0| 225| 205| 805| 1.7 14| 787 186 324
| 104 27 "205 819 17 11| 804 161 266
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85% 102 H3P04 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 H3PO4 88.4 2.0 9.9 0.717 0.753 20.2 28.2 106.5 6.2 77.7
2.2 83.1 95%93 H3PO4 88.6 2.8 10.1 0.777 0.82 19.9 25.8 30.6 15.0
46.2 6.3 58'OEEHEG0 H3PO 4 87.8 1.7 9.4 0.738 0.777 1BCHUSHIEIES3
5.6 80.1 2.3 82.2 (CB-12 18.1 119 WD 2007/ 035256 PCTI US2006/ 034616
Table 5 illustrates that |ate addition of phosphoric acid is
effective at lowering the AA generation and the free AA Wthin the
range studied, the %reduction in AA generation and in the free AA
increases as the phosphorus to netals nmole ratio (P:M I\/R) i ncreases
until a P{M VR of abput Of b&j POOUTT 469 [T eduCt hapr 11 AA—ern—295/5
and 51 % feduciti on i XRF ee i s sepn at | Psdvl MRrm1ef | about | 8326 | psc
(Sanpl e 93§am'AqT§emPé 60% red@BQh oRP kin| ! angjbzsgs Becang TT8Y% | Feeluct]iTen

) RGNl N ) e 1 (60 C

in free ARTFSEER AL T 5 lp.ébo S =
reduct i onH-A-AA-GCen. 205/ 3204 reduct |l on I n free|l AATS| see gﬁt Fj4?\/

MR of abolt_ .67 F& ple 90328 AbOYf | 7898 1 edBith jon i h ARSEN ¥85/|5 14
83% reducti off i n Piele AA | s’2Bdent@t| P; M MR 084 pbout 0. 8% | Safplrg 987
Since the 1680.|V. d&cir.eases &8s [t hes4 IR | narepseass | Tt nazp jeciazye 157

“n—A A

to use the N oy |PT M NR ;;gr}va[ WA 1565 il.1854| _tilc P/f)l\zgljé,l LIU155_I"II1
generati of o—f AATe i Heti—Hhesehy-—1g fﬁkm—a—qg—%héeJ t V.1l oss

Per Tabl e Rdeat_ he _7:’;1'[9 ad |':t?3r$ h?ﬁﬁa ;?16(?: h(%?tzllgg ‘conpoun Ul so IﬁII’O\)@S
the colof. 8dnpfH°76 is |daPrdr 14we?®4t) and nor e] yePPow (Higherts24
b*) than any?’qf €W -sanpl e9-9i t ¥-8hosphbri edzlci d addedsT at e14f.5anpses
90, 92, 98, 8802). 27oGonpar]atasee Esemptzmﬁ: im o]l go M 2200 P98 ¢ UuEE;
used are HESBITOER e T tTEGUCTIRET 1O ¢ jheixanptes—Septi o He sy

anti nmony sotgtiofzpgsed—+g-aggeraad+a-Corparative 256 | 1533 | 1464
7 285 | 53| 568 230 T 338 | 1507 | 1514
60| 25| 2931, : : : . 238 | 1600 | 1638
"85 275 | 244 |- K . TR 239 | 1554 | 1618
7 275 | 28|, : : T 236 54| 1554
4| 25| 2], : , T 237 84| 1655
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Exanpl e 1. Al um num i sopropoxi de and |ithium hydroxide are heated up
to 125Cin an open bottle, whichis fitted with a nitrogen purge, a
magnetic stir bar and a thernocouple. The m xture is heated for 3.5
h once 125®Q ¥4 R2¥ved. The target Al level is 0.3 w POF/USHEAIHeL6
target Li:Al nole ratio is 3. Per ICP-CES, the mixture has 0.33 w.
%A and 0.28 wt. %Li. A umnumisopropoxide and sodi um hydroxi de
are heated up in an open bottle, whichis fitted with a nitrogen
purge, a nmagnetic stir bar and a thernocouple. Once the m xture
reaches 121 C, it is heated for 3 h. The 120 WD 2007/ 035256

i . .9 the t t Na; Al
role ratto e s \wih HeBhufien of ik otrsePoris. Tiets arolg/Alrcataast rnd foato
W . % Na. The pol ae6asteaHa0s all6REE Pée AR IOREIRVRS 1BARE! Cﬁﬁﬁ’rﬁé%?%éé‘,

CAM LETM aut omation system progranmed to inplenment the f J
array. For the SH‘aV@cﬁﬂéM@F§9'Ug%%§¥%@¥e|53ﬂ@ hekerp sinlarlé adivsted Tolative

ime Tenp Vac Sti ' 10
265 730 150+ 3 3o3k0 5a0nna Run il SEAD 8 g5 S it eleth of o
6 2 285 30 300 7bpup8B ppm Al algR 67 28 Bipa POlymeiz2tias kerperaffe of 0

60 285 4 200 11 857958, S abot# 128 BpnfB 2uled1atS (P:M MR of about 0.6).

On average, runs Samples 58, 68 & 73 have about a 35% reduction in
finisher time, about a 73% reduction in free AA, about a 71% reduction
in AA generation rate, about a 74% reduction in solution haze and about
the-same L* adjusted, relative to the Sb controls. Using the same
temperature and catalyst levels but without late phosphorus addition,
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 83% 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 jower peak

tehﬁperatdres for crystallization ubon cooling from the mélt (Tee=146-
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= ranp; # = torque termnation For Sb controls, 1.07 wt./Wm. %P
solution of an oligoneric phosphate triester in 80 wt.% ethyl ene

gl ycol and 20% n-BuOH is added during Stage 6. The stirring system

i s aut omat ("EAPIN/3IG brated on torque between stages 4 BAHUS2006/134E16
finisher stage (# 12) is termnated when the stirrer torque target is
met or exceeded on three separate occasions. The Sb control was nade
on a different rig. The rig that the other runs were nmade on | ater
had its torque targets |owered. 121 WD 2007/ 035256 PCT/ US2006/ 034616

Table 6 Tenp. Fi nq i o i Sb
XRE P IhV IN 0 1m§4:]'@:? Eﬂpﬁh?%ﬁ%k%\%uﬁg é@ﬁ@&'}@eg%s% '@%4. 7.
28.8 0.898 0.957 indiggtegdhatdne grystalizadion tate fonothe el §3slowep&oger 9
41.8 101.9 0.912 . | CP
ICP Li XRF XRF Fr%&sq‘@%&%% ’%ﬁe%(%%ﬁfﬂ%ﬁ“%& ‘%E r%i@%é.??%en'h%ﬁg?e L*
a* b* Adj Haze (aofioips,(ixprpreiopps) Slower ¢rypializéfimmates frofRhe @t BslfIT -
6 34.7 . 28.8 86. %3. 9 11,8 75.&. 15.5 %5.0 é?" 1 189 40. 8 3%. 10 86.5
2.4 7.2 79.8 29. cWEEBirRLliEn MOIINg £y4lg 1impssopvertersavigvalgedheo, 1 24 1
44.3 188 240 17 8foQudiiviy chedidstiskboidtedtvith rbuded PRSCtBARhGdRg dbieal |

met al conpounds Ot}ntnleesr t han those containing lithiumcan

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 (Tgnz=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 Tenz
decreases, this indicates that the crystallization rate from the glass is
faster. Faster crystallization from the glass is desirable in
thermoformable tray applications and resin producers who crystallize

amorphous pellets optionally prior to polymerizing in the solid state.

With late addition of a phosphaorus 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 |ate addition of a phosphorus
compound may also have higher production rates, lower free AA, lower
haze, slower crystaliization rates from the melt, and/or equivalent or
improved color, relative o PET made with a conventional Sb catalyst

system.
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be used as part of a catal yst systemw th al um num conpounds. For

sanmples 6, 189 and 7, the target alum numlevel was 40 ppm and the
target alkali netal to alumnumnole ratio was 3. The run with a

Li /Al cat a7/ ¥ster than that with a Na/ Al cat al yEET/URYAENF16
the Na/ Al catalyst could still provide rate advantages for a pl ant
designed for an Sb case at 275C, like sanple 188. The sanpl es nade
with a Na/Al catalyst, # 189 & 7, are less yellow, |ess green, and,

on average, brightgy, n’?%[ 4 the sanpl e made with a conparable Li/Al
catal yst system 3

|scolor| v ri,zed by the
hi gher L* adjusted for M‘Pﬂém%?“ﬂgeb 9‘@5‘?@%@@@ ﬁ%ﬁdé@yefrﬁ%gpass
Li/Al -catal yzed s‘%l fhievéds lﬁﬂﬂﬁh%&ﬂﬁﬁ%h‘@f%ﬁdﬁthﬁlnth@%io%}r&éﬁhke an

al so have a | ower generation rate than the sanple nade with a
conpar abl e Li/Al c@ttaldseswouldys?trémﬂlﬂ&l@S séﬁar aRGMare 8msp ARlyner irdhe

2 et ure 1066R0hRera 1% bk 87 0% Lball S siputn agaa e
Li /Al catal yst systighhafterestbrdiicatibe, nstmochﬁeqobye't 4181 B AR e0d NOBeR 6 DEG,
fescri bed tho. i mor GEEEs gty ¥ otioSeuERATAAT f] et 8L Fhedcfmer
sol ution used is dgs&yhdi@8nialh SV BAERGL &@ctlﬁa’@rmbietoﬂlers]'h’he pellets are
sodi un al um num m xture used are described in Conp b¥ gme 3.
In the cases indi caieaenisallygspencrio m%ﬁ&%ﬁ&ﬁe& a'aﬁ?a :9"%1'8518 ®heat
in Stage 14 of44he élg%zét QR 8o Hea i@l & BB0 bl alouna boedeT sk '$he
oper at ed under con? of a I\ﬂ aut onati on system

to inplenent the fpowdstingried ﬂh@ooﬂi@dﬁ%‘@%m r3&ine 95 ﬁgqfﬁlﬂ
'( fpf,@he 2”8_ 23325' %%)Iaﬁt %H%EM%%SQ@? Aot lcooRiPHB sk t&fodrh OF 1 )
: temperature in a desiccator, the catalyst-deactivating additive is weighed
irﬁo the flask. The additive is 85% or 95% phosphoric acid (HaP0a). A
15 polymer head with stirrer is attached and the flask purged twice with
nitrogen. A molten bath of Belmont metal is raised to surround the flask,

and the following CAMILE™ array is implemented.

Stage " Time Temp | Vac | Stir
Min. .°C | Torr | RPM

1 | - 275 730. 0
2 5 275 | 730 | 0
3 5 | 275 {730 | O
4 5 275 730 l’l5*
5 | 4 | 275 |05 | 85"
6 . 2 275 05 | 75
7 5 275 0.5 75

118



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 ¥ 208H03§2%35 0. 5+ 45% 16 5 285 0.5 45 = r anPCHES20&H034616
controls, 1.07 wt./wt. %P solution of an oligoneric phosphate
triester in 80 w.%ethylene glycol and 20% n-BuOH i s added during
Stage 6. The stirring systemis autonmatically calibrated on torque
bet ween stages 4 and 5. 123 WD 2007/ 035256 PCT/ US2006/ 034616 Tabl e
7 Finisher XRF Stg Finisher ICP ICP | GPrdndb Sanpl e Tenperature Tine
Tinme Al Na XRF

| ni sher P1G
dU dU CB- 12 47A2‘§%‘¥%@Eeyn'§§9§'gp% %]%%BB’%&? 6%%&9%&%@1‘%3 .BIQ
36.6 104.2 101. 8, hetizrel iddmedlslowifpy hahbl. Fllodihg the hd@fihdaldp, AA

the polymer is cooled for about 15 min., separated from the glass flask,

5 cooled for about 10 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 residual AA testing is done.

Table 5
10
AA % Free % -
. ’ h.v. ItV Lk Al ICPP | Gen | Redetn{ AA | Redctn
Sample | Addltive | L* a*. | b . 2955 | inAA In Free
Type {dijg) | (dlig) } {ppm} | (ppm) | tpom) | (ppm) | Gen | (ppm) AA

CB-12 . . . 18.6

76 | None 846 ) 3.0 123 | 079] 0835 215] 266]1. 279 0] 128 0

102 El?:PAQ‘ 85.3 2.6 10.6 | 0.742 | 0.781 218 | 254 | 528 8.7 68.9 2.7 79.0
92 235{004 884 2.C-i 9910717 | 0753 | 202] 282 1085 6.2 7.7 2.2 83.1
93 EI?OPAO,‘ 88.6 2.8— 10110777} 082) 199 ] 258 30.6 15.0 46.2 6.3 50.9
90 aflf]04 g7.8 1.7~ 9.4 1 0.738 | 0.777 i3 1 266§ 783 5.6 801 2.3 g§2.2

CB-12 . . . . . . . 18.1
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XRF. XRF Free Gen ICP ICP P Sb P L* AA 295/5 Soln Sanmple Al ICP Na

L* a* b* Adj Haze (ppm m(ppm) (ppm (ppm (ppm) (ppm (ntu) CB-12
18.8 47 35 65 103.5 103 88.2 -2.6 8.6 80.3 5.6 7.5 14.9 50 36.6

104. 2 101. YRHPOEDP6, g g 79 6 7.5 7.5 18.8 12 237 19 BEI/HS206/@46165
81.7 16.4 34.7 22.3 There is about a 71 % reduction in AA generation
for sanples 47 & 50 in Table 7, ' Na/Al-catalyzed PET with |ate
addition of P as conpared to sanples 189 & 7 in Table 6,'

Na/ Al -catal yzed PET without late addition of P.' The |arge nmagnitude
of this redtrabieomtlluatfateealhﬁtéateraddwdnrﬁfcphéépmmgcﬁd iseefivaties ablowvelieg

and dual - appl i cat 20 ere is aboyt a 78% .
educt on' 1 6 RR s asty Pe e Wknin hg ahgs siiklt thagh durtiono o
7, " NalA - |r¢AA@:]ey]éeaiuoR%d/mtthe fab@/apdiddses agfthd ho@f_ﬁ'uoﬂ%&hél@léo
the Sb control made at 5C, sanple 12 in Table |s about a

76% reduct i HIP'¢ R M(EeMMRB creasgipingsa PM M oF pRouihpe. About 46%

Na/ Al - cat al t QW es
189 & 7 in ¥@c§.ﬂ:tl5)ﬂ_n oy (?e'lll ?ggl5g#faz$e1d?pre%d% ﬁ?"eec gé]%'dl tion of

P.' Less stof plpcpuid)%@ (SarepleB)whibo uttﬁﬁ%]é@hu@tlon Ian/ér@en 9P end 9 9%bout

a 60% redu : A f b

' Na/AI(z cata yzeaf’l B‘Eﬁ:gém%glr&aet%gzazd tnﬂ%?ﬁ%k&% 6%25&3:0 faeﬁe?t%ﬁ%ugrrpl es
189 & 7 in 8Ubleelubtion MAIGW%Iﬁmd 8PHd reducticruin freg AAdsldesen anPid  P:

The Na/ Al -c | yst a S
conpound hagﬁﬁds?%fﬁ%@aﬁg%%@?%)zé%oﬁﬁgé %%dg'P@ on thggfegnh%ﬁggngo not
ne;:ilssar il |y88% WUE%mlrtlﬁéT J 11 SEMBEE%GMFE&‘ abmggvﬁg; Oéa’z‘mGpll% 92). Since
Na -cata stem

Conpar at i ve %F’@CWES%@SX}% égﬁr&&éﬂ%@?ﬁe@%&&%’é ‘8’%’36‘3 o &&iBEcr i bed
the i ntrodugiihigfurk @: MR th¥EIM resuISR e 9 redOclbrPth AWK geMératidh aRd free

solution is made from anti nony
AA required; thereby, minimizing the It.V. loss.

Per Table 5, the late addition of a phosphorus compound also improves the
color. Sample 76 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 hitrogen 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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triacetate in ethylene glycol. A 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 magnetic stir bar and a thernocouple. The
m xture i sSYEHPEPSI¥r about 3.5 h once 125C i s achi evedPCT/URS0GEHGEt
Al level is 0.3 Wm.% and the target Li:Al nole ratio.-is 1, 3 or 5.
Per [1CP-CES, the mxture with the Li:Al nole ratio of | has 0.33 wt.
%A and 0.084 wt. % Li. Per ICP-OES, the m xture with the Li:Al
nole ratio of 3 has 0.33 wt. %A and 0.28 w. % Li. Per |CP-CES,

tge o >§t ﬁr etawgteEAt ibeelhéUFSwtrwo/ ,endrtag 'targ@th@Al w(giec:?;tibs% E.eﬁéuel@ﬁ-@Es,
about ours as an o Li. e

pol yner i zatlﬁwg%\@’ﬁsq’&dﬁewwqﬂ%géﬁ é‘%?r of a CAM LETM
automati on system progranmed to inplenment the foI | owi ng array. For

the Sb controls, the stage 5-12 tenperatures are 280C. The
t enper at ur e Thesiobanerizatipaeactgr iswperried yaderseantiohot a EAMILE" f or

LA o o Pagaaif ey o) @@%9%@5@%@%%@8 0 al4e T
Ti me Tenp Vaonipolsythsidage 612 te@peratures gre 2dp°C.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* 3pOFfime Temp |Vac Stir
Stage | (min) {(6C) (torr) | (rpm)
1 0.1 265 730 0
2 10 265 730 | 150*
3 265 | 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 28505 |30¢
12 | 500# 285 0.5 30

¢ =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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12 500# 285 0.5 30 = ranp; # = torque termnation The stirring
systemis automatical |y calibrated on éo\r/\ﬂue bﬁt wete_n stagtes 4 eand 5.
The finisher sta # 12) is termnate en the stirrer torqu

target is “YR1"¥ é ceeded on three separate occasi ons. PREUBHEEHHEE us
compound. is added to any of the runs in the exanple. 126 WO

2007/ 035256 PCT/ US2006/ 034616 Table 8 Ave ICP Ave ICP Li Ave | CP XRF
Sb IN (dUg) Sanple Al (ppm) (ppm Li:Al MR (ppnm) L* New a* New b* New
0.899 184 11.8 2.65 0.87 89.58 -2.11 5.3 0.936 185 11.7 2.65 0.88
87.72 -2.21 5.59 0.939 196 11.35 2.55/aplegy 87.93 -2.62 7.31 0.932
127 9.6 7.4 886. 0 -Z. 47 6.383[ 0. 9874 rIp—10 35T —T754=F868—%3
-2.94 8.44 PD.923 g2, 11l F?nlsﬂé’r B5 3. %585 02 -3.63 6./61 0; 917 137
24.8 6.15 0. P6&nBB. Pides 2. [Fame. Sphor@ DY 1Bikp 23| %ar 49|98 3 27.85] 4L
-3.4 9.04 0912 119 22 :«mmns D&p@) [ 40p8Y| @om) 3. @) 1(. Bifn) () _%@_
21.7 18.3 3.p&E-88.21 -3.136 10.B4 0]969 115 2(Q.85 1§.5 3.45 :
-3.14 9. 24 936 [124289 19465 B. 887 B5. 61| - 288 10. 03|, 0, 89 oled®| 35735
29.55 4.92 88.828%(3. 04859. 5186.0| 9568 19 Ab. 1 38.5 1. 39 87. Blh.o23| dbs3
9.39 0.935 |5 39.725 9288 |0. 9%2.888. 8ifs | 30 [7.8 0./875 121 35. B o392 bogsdl
88.66 -3.29 131 0 9312050419 44| 95 51 01 88. 83243148 34| Ikt Po.B24
111 36.85 46.25 4.88 86.42 -3.17 12.43 0.909 132 243.9 83.98 -T.

4.23 iCP AR
iIcP ficP | L XRF | XRF Free | Gen

Al Na (ppm) | Sb P L* | AA 295/5 | Soln

Sample L* a* | b* Adj Haze

(ppm) | {ppm) | (ppm) | (ppm) | (ppm) (epm) | (ppm) | (ntu)
CB-12 08| 187

6| 34.7]. 28.8 866 [390]118]756] 185} as0| 134

189 | 40.8 | 911 0 865 |24 | 772|798 298| 258 405

71 418 ]| 1019 806 129 98806} 241} 2441 443

188 240 17 1 8491 1.7) 19l826] 164 384 171

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 piant 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 iower 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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0.896 135 247.2 81.63 -1.2 4.6 0.884 136 239.1 82.42 -1.45 4.18

*The 1 CP data reported on -199 is a single neasurenent. 127 WO

2007/ 035256 PCT/ US2006/ 034616 Ave ICP Li Ave ICP XRF Sb L* New

Sanpl e (ppW° W7HW29R (ppm) L* New a* New b* New Adj 1BAT/BSHEH/G4@F
89.6 -2.1 5.3 84.5 185 2.65 0.88 87.7 -2.2 5.6 82.4 196 2.55 0.87
87.9 -2.6 7.3 8110 127 7.4 3 86.7 -2.5 6.9 80.2 119 11.75 4.41 88.6
-2.9 8.4 80.7 112 11.35 3.77 85.0 -2.6 6.6 78.7 137 6.15 0.96 83.4
2.7 5.5 77.9 131 19 8.95 3.27 85.4 -3.4 9.0 76.8 113 1.05 3.14 88.0
-3.4 10.7 7&xdmplel4: 18.3 3.28 88.2 -3.4 10.3 78.6 115 18.5 3.45 88.2
-3.19.2 79 24 19. 08 85 - 5.4.92 88.8
'370 9 & 40The oligemenand prasdies usadig dsSirlaen 6 Iatelusigndtiss 6 5. o

8.8 80.6 1ElarBiey é’eo%én%ﬁaaantﬁn@n;ﬂéoldn&ﬁuéed r&%@s&%&ﬁn%&ﬂpaﬁ%ﬂ@e?» 5
11.3 81.2 I11 46. 132 243.9 84.0 -1, 2

4.2 80.1 1ﬁgamvsiz meaod!qméalummuwmdurmeﬁygeﬂesgﬂbectim Gpraparafie 5
Exanpl e 5: gmgﬁ]gqmﬁe RB%PHARSHY R USRI 5% PReSSHIRGddis!dRied

i nt roducti on
neat in Stage 14 of the following array.

The polymerization reactor is operated under control of a CAMILE™
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 04 265 730 0
2 10 265 730 | 150*
3 2 265 | 330 300*
4 1 265 ~ 330 300
5 50 | 285* 30* 300
8 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 285t 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
¢ =ramp

For Sb controls, 1.07 wt./wt. % P solution of an oligomeric phosphate triester
in 80 wt.% ethylene glycol and 20% n-BuCOH is added during Stage 6. The
stirring system is automatically calibrated on torque between stages 4 and 5.

123



Exanpl es secti on.

The antinony solution and the lithium alum num

m xtures wused are described in Conparative Exanple 4. The alum num
Al nmole ratio is 1,

In the cases i ndi CQFEGJSF‘W“’WBH%

of the follow ng array.

target is 1

5. The P M

NS gy S

0.5

or

r 40 ppm The target Li:
s 0,

9, 85% phosphoric acid is added in Stage 14
85% phosphoric acid is added neat or as a 50:50 or 1:
85% phosphoric acid and MI1ipore water.
where a 75:25 phosphoric acid (85%: M]Ilipore water solution is
used. The polynerization reactor is oﬁ@blaﬁed under control of

An exception is Sanple

1 solution of

a

12

4 I_rlpl IICIIL

tHre .u..u'vr..g

CAM LETM et
array. The|128 2007/ OsmﬁefFCT/ U84006/(34616 : t erfp@Fajure l|istep
in Table 9 sméﬂg PrapE Griln qres (St o (4 of| PRE [&Pray. . The, 1,
finisher times us tjagR) 14 ke e8¢ | OBorh b o 1Esor) 1 @g) | gy
Conpar ati veckxanpl e 4. Tifme Tenp Vac b T Stage mif oCyTorTy 1T pym)
1 0.1 265 730 g {2 10 25 f30£5ébu* 3 3’553’;‘ 1o _maq_ 4117285 330 na0s
300 5 50 ¥85,30™ 300,94 2 30340 g8} T GO A, 100 R 2854 20y
P14 20 285m§%ﬂﬂ 2602245 0 J30VaTI-abT & 2951 05 G gl 2900
285 650* 3¢ \Sasrvivam — - ' -
AR
XRF. | XRF Free | Gen
IcP IcPP{sb |P L* [ Aa | 2955 | Soln
Sample |1 Al ICP Na L* a* b* Adj Haze
(ppm} ¢ {ppm) | (ppm) | (ppm) | (ppm) {ppm) | (ppm} | {ntu}
cB-12 1. . ) . . . ] . . 18.8] .
47) 35.65| 1035| 103 882} 26| 86|803| 56§ 75} 149
50) 366 1042]1019]. 876| -24| 88|796] 75| 75| 188
12 . 237 | 19]836] 16| 115|817 164 347 223

There is about a 71% reduction jn 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 dual-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 182 & 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 salution 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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1 285 0.5* 45* 5 285 0.5 45 = ranp The stirring systemis
automatically calibrated on torque between stages 4 and 5.
Calibrating on torqgue nmeans that the background torque, that is the

t or que befo?‘é]%“rqg Gt mer starts to build appreciably, iECHESHGHHEE
and subtracted out of the neasured torque as the polyner builds. 129
WD 2007/ 035256 PCT/ US2006/ 034616 Table 9 Finisher Li:A Mle Tenp.
P-MMle Tine 1013 Al ICP LI ICPLI:Al ICP P ICP .Sanple Ratio deg O

Ratio (mn) (ppm (ppm M (ppm) P-MMR 21 1 275 0 274 9.2 2.4 1.01 0
0.0 711 27@__@&4’:!\1@%&1&19&4] 92 21.1 0.9 101 285 0 174 9.6 2.5

1.01 3.4 0.2.39.1 285 1.174 1 5, 5.1 174
10.6 2.4 0. 88 Ng@ligores a”ﬂd"’%ceég‘ée Hsﬁ?i@zg%s%b%dﬁ?'ﬂgﬁ %“%‘ Odp 5 275
0 189 10.9 1Exénﬂol&s?sézct&n0A G024 Bt AR5 %LSH 881utidn 4 madefr&rrﬂéntﬁﬁomo 8
.25 5 285 0 9? .78 1.9 0.0 67 5285 1 90 9.5 11.1 4.54
62.4 1.0 66 Hacssy 0”6’ o@yels 0.89 29.8 0.5 19 3 275 0.5 164
22.8 18.5 3.15 54.2 0.5 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 0.5 114 24.6 19.6 3.1
61.6 0.5 3 Alugpum soprepoxidegngitaiug f@@r@gd%aoe Beatoqt up todB5LC i an 4

24.7 18.5 2. %eﬁ%o%tleg vhich is fitted with a nitrogen purge, a magnetic stir bar and a
thermocouple. The mixture is heated for about 3.5 h once 125°C is achieved.
The target 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 farget is 10
or 25 or 40 ppm. The target Li:Al mole ratiois 1, 3 or 5.
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28 3 280 0.5 114 22 17.7 3.13 44.7 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 43.7 0.4 58 3 280 0.5

14A 22.8 18
52 3 280 1

bR

30.5 59 3280 0.5 114 24.5°18.5 2,94 54.4 0
8 3.31 116.4 1.1 73 3 285 0.5 64P§Em§%§'“%0335161

47.6 0.4 69 5 280 0.5 84 25 28.4 4.42 85.4 0.5 20 1 275 0 163 36.7
9.2 0.97 0 0.0 651 2751 163 39.8 9.8 0.96 115.7 1.3 48 1 285 0 63
37.6 9.7 12 0.0 47 1 285 163 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 37.6 30,8 3.1
51 5 275 0 129 35.3 44.§ 4. 93 PTined PpAemp27pVdc 129S8r 4
1.1 56 5 285 0 29 37.7 |48ade 4 (MinR 0] ®C)11 Ki@85 1(1p<)35.
289.2 1.2 77 5 285 1 29 36. 8 j2. 85.%| 53 289, 4 138| 6 28(Q
100 8 280 100 31 280 100 39[ 280 AP IHR2B0 180 160" 23
280 100 64 280 100 130 WO ZGJ7T 035266 PORIIEHIP6/ V33610
4 1 265 330 300
5 50 | 285 | 30" 300
6 2 285 30| 300
7 1 285 30 [ 200
8 20 285 301 200
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

8 92.2 0.5
4.73 258. 2
2 45.3 5
100 7 280
0 100 61

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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XRF Sb XRF P L* New Sample (ppn) (ppm) |hV (duUg) 1tV (dUg) L* New a*
New b* New Adj 21 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, 455 79.8 39 0.823 0.872
88.2 -2.4 cMO¥IT52H¥g 0. 828 0.877 79.8 -1.8 3.3 76.5 43CHUSYS6/0346153
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 0.8 8
- 85.8-1.85.6 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 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.R9Y7=88.9 -3.0 11.2 78.8 59
0.818 0.866 87.6_- 9 8 679 6 2 0.828 0.877.84 0 -2 85 2 7656 6 73
0.822 0.871 86.1 -2/ 2 9.1(78. Bo 0. 773 0 816 88.5/-2.1 10.7 791
4 Aye ve 3
20 0.855 0.908, 85,8 2. Nege e (p e R 5t ool oo
' 2770899 Y 84 Y 18 [T 2.65 0.87 89.58 -2.11 .
' 0.936 185 M7 | 2656 0.88 87.72 -2.21 5.59
0.839 196 11.35 2.55 0.87 . 87.93 -2.62 7.31
0.932 127 9.6 7.4 3 86.67 -2.47 6.88
0.934 118 10.35 11,75 441 88.63 -2.94 8.44
0.923 112 11.7 11.35 3.77 85.02 -2.63 6.61
0.917 137 248 6.156 0.96 83.41 272 5.54
0.087 131 23.75 18,95 3.27 85.41 -3.4 8.04
0.912 113 22.35 18.05 3.14 87.95 -3.37 10.66
0.976 114 21.7 18,3 3.28 88.21 -3.36 10,34
0.969 115 20.85 18.5 3.45 88.15 -3.14 9.24
0.935 124 25 18.8 3.08 85.61 -3.7 10.03
(.898 116 23.35 29.55 4,92 88.82 -3.01 9.51
0.956 109 451 18.5 1.59 87.31 -3.26 9.39
0.235 5 39.25 9.8 0.97 88.87 -3 8.78
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 46.25 4.88 86.42 -3.17 12.43
(.609 132 2439 83.98 -1.16 4.23
0.896 135 247.2 81.63 -1.2 46
0.884 138 2391 82.42 -1.45 418

*The ICP data reported on -199 is a single measurement.
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47 0.714 0.75 88.7 -2.4 7.4 81.8 76 0.723 0.78 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 -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 -3.6
11 0.633 0. 8¥A2WF03%236 1 9. 9 77.6 77 0.658 0.6 88 87.3 PETHSHIGPEI67

10.1 74.5

60

52

114

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 -1.4 3.7 76.9 32 238 57.2 0.769 0.811
82.6 -1.3 369233234 56530764 0-806[8L. 0 -|L. Z 3.4 /8.0
241.8 110. 4|0. 758 %w b BBk 10k |OxRF § 19. 2 6L 245.9 119. 2 |OLTNE
0.837 83.3 {lg R m® | G4 RS- Jppkf4 .| 2 Ned 7 HNSE I BiNdw -|1. Adi4. B
77.5 13;L B2 7T P39 ChlPS4006/ 03461496 Pl essed Avesd CH | &5 LI
| CP P Chip I g8 p[- sd6esgedsssqnpl e Al () | (p2.8) X poid Cg1i 4 *
Chi p a* Chi p DfosAd] Hemzse Chog7RHI 21 9. 2878 4|0 -88. 3| - 7.9 10, 6.
7.6 0.993 T 147, 6]2.5421] 1 84. 2 -1.4 1. 68677 57 25 201 693! 1803 ¢
2.5 3.4 83. (0 -Pg7 [2419751]59.410.13 1. 035 8P 10 828 5l 184 g5 8.7
9.1 77.53 93 012084 168510 672 4 30 3 43 860210 28 ol 663 o874
49 9 8 26.7[861% - &1 p $643 7 0 ologB4ch A7 by %o lgaTB
14.0 71.40 6 9731 0171999 13327111 9 55 4 g4 [o -34g E -0, 2568 T
1.034 113 18.05 3,14 °88.0 | 8.4 | u07°) "T8.xY

114 18.3 3.28 88.2 -3.4 10.3 78.6

115 18.5 3.45 88.2 3.1 9.2 79.5

124 19.8 3.08 85.6 3.7 10.0 76.1

116 28.55 4.92 88.8 -3.0 9.5 80.0

199 18.5 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 -3.3 11.1 78.4

120 44.95 5.01 88.8 35 1.3 81.2

111 46.25 4,88 86.4 3.2 124 75.2

132 243.9 84.0 -1.2 4.2 80.1

135 247.2 81.6 -1.2 4.6 77.5

136 239.1 82.4 1.5 4.2 78.5

Example 5:

The oligomer and procedure used are described in the introduction o 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 0,

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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25 11.4 11.1 1.9 85.6 -3.

-2.0 9.8 74.76 13.8 1.006 66

0.967 19 22.8 18.5 54.2
1.8 77.6 -4NP Y9585 65

6 15.

85.6
21. 4

7 71.65 5.4 0.98 67 9.5 11.1 62.4 83.4
26.3 6 29.8 86.5 -2.1 9.8 77.87 9.1
-3.2 14.9 72.36 9.1 0.977 26 21.2

1.064 1 23.2 19.3 50.2 84PGI/US2086/034614

17.2

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 59.5 83.3 -2.7 17.1 68.48 12.6 0.987 27 24.7 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 2%mpegtus lBisbinTablk 9is BebneSisedan stes .18 156 &dhe hitap3
18.3 43.7 84. 84-3: . , 964 22..8.18.9 51.3 85.2
138 170 70 abeyiryien b Usk idSrade ks S bpdla gl isher ez g o1 5,
15.2 0.967 5Zopaparati® Bxdmple#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 11.5

0.992 65 39.8 9.8 115.7

2 79.3 -3.3 17.2 64.20 16Skeos
76.19 11.4 0.992 76 37.8-9 91

37.6 30.8 92.2 84.1 -4.1

-4.0 23.6 60.35 28.7 1.0]
0.98 56 37.7 45.7 2 79.!

289.2 83.4 -3.1 19.0 66. {

17.2 69.55 9.4 0.982 6

10.0 71.31 12.3 1.007

81. 8 -|IliM= 10. 9Terd. 20 vBb. 6 [Isf28 148 37.6 9.7
dgmin) 47 |40CY 9.|9Br 123 dpor®5. 5 -2.1 10.5
9 4 @d. |7 -226619. 8778l 06 809 0.97 12
21 0285 68 4 (26849 530 B3B8 44.8 2 80.8
37 45 2258, 22684 330*- 2. B30D6. 9{69.56 7.3
h -4 @126 6_594. 58 28§12 1385 100352 45.3
D 1253 0 00 | 28% 36./80%2 85 29904 84.7 -3.4
7.9 B0 2 1321 67.286 (18 130]1). 018007 79.5 -0.5
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 6850 30
15 1 285 | 0.5% 45*
18 5 285 0.5 45
* =ramp

The stirring system is automatically calibrated on forque 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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8 77.6 -0.5 11.4 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 6.6 0.998 61 78.8 -0.9 9:4 70.93 7.5 1.005
64 79.1 | -&UE3A2560 60 9.3 1. 113 132 WD 2007/ 035256PCT/US2006/034616
PCT/ US2006/ 034616 I CP Al ICP Li ICP P DSC DSC DSC DSC Sanpl e (ppn)
(ppm (ppm Tmla (C) Tm1lb (C) Tch 2 (C) Tco (O % Cryst. 21 9.2

2.4 0 200 241 157 148 39.6 71 10.6 2.5 21.1 179 241 156 149 37.1 10

9.6 2.5 3.4 175 239 154 145 34.4 39L@iS02.5 12.9 192 239 161 148
34.8 681062430319623815 1493274Q 26,7193 233 1

150 34.3 5p 10, . shey 18
540 157 149 0. 9 Liw Jw: 1911 %%Ieg'€%4 3{;% | [ 1cfd e dallicBrop. #p186
, é%g?% i @, atl 9 P 33mil 9 9pddi6] 3RR3 | GFmOl Bmig.[1
62.4 200 24 1‘47—5&5 9175 6 4. 3 @9l 89.48% 238 N15%011595 36 0.9
22.8 18.5 584 21189 2351 18® 155 13714 219 21135’) 17'1-’50 1 %‘552"0 21.ko :
50. 4 1 23.2 _ 5{‘1 212 1\}0 D;l[r\r 7.2 l%‘. 4 ags_n 01717 3477 02
150 35 2 3lodiglte : = s G 0550 1929 ZAUDEOQ
. 2811975 5935 230 1154 lih2 diﬂ 61 2274 24L s8]y 3046|312

155 168 40. 4§ @8 22317728 |7 28831598 170 #41.19 829 ~23d8g |1 266 £ 08 135
157 158 32. 650 5 575 0 189 0.8 Ao 250 o 2> Pood 4

72 5 775 1 189 134 11.9 345 554 0.8

75 5 285 0 90 114 1. 3.78 1.9 0.0

57 5 285 7 50 9.5 1.1 754 62.4 1.0

6 7 280 5.5 143 56.3 6 0.80 29.8 0.5

19 3 575 0.5 164 22.8 18.5 345 54.2 0.5

26 3 280 0 114 21.2 17.5 345 7.8 5,0

1 3 280 0.5 T14 23. 19.3 3.23 50.2 0.4

2 3 280 0.5 114 24.6 10.6 3.1 61.6 0.5

3 3 380 05 114 54.8 9.5 3.06 50.5 0.5

27 3 280 05 114 54,7 18.5 2.0 463 0.4

28 3 280 0.5 114 22 7.7 3.13 44.7 04

29 3 280 0.5 T14 2.8 8.3 312 553 05

57 3 280 0.6 Ti4 23 18.3 3,00 437 04

58 3 280 0.5 114 22.8 78.9 302 51.3 0.5

59 3 280 05 114 4.5 8.5 .04 544 0.5

55 3 280 3 114 22.1 18.8 3,51 1164 1.

73 3 285 0.5 64 4 8.6 3.01 376 04

&9 5 280 05 B4 25 28.4 442 854 05

20 1 275 0 763 6.7 9.2 0.97 0 0.0

&5 7 275 1 163 39.8 9.8 .96 | 1157 1.3

28 7 285 0 83 37.6 5.7 1 3 0.0

47 7 285 ] 53 40.4 9.95 006 | 1234 13

75 7 285 7 63 37.8 9.0 1.02 99.4 7.4

12 3 580. 05 6 376 30.8 3.8 922 05

B 5 575 0 129 36.3 4.8 4.93 P 0.0

54 5 275 7 129 37 35 273 | 2582 K

56 5 286 ) ) 7.7 457 471 5 0.0

11 B 285 1 29 35.2 25.3 5 789.2 12

77 5 286 3 50 3.6 | 4285 | 453 | 2904 1.3

5 250 100

7 280 100

) 280 100

31 280 100

3 280 100

33 280 100

60 280 100

51 280 100

B4 280 100
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57 23 18.3 43.7 239 154 164
41.9 59 24.5 18.5 54.

oA pigEs

157 148 32.6 48 37.6

149 39 73
160 37.1

4 237

6 197

0 239

9.7 2

30.9 58 22.8 18.9 51.3 235 195 158 156
153 169 40.3 52 22.1 18.8 116.4 239 157
236 153 172 36.3 69 25 28.4 85.4 238
158 151 30.8 65 39.8 9.8 11BCHUSHRS/GagI6

190 240 160 147 36.4 47 40.4 9.95 123.4

208 241 153 149 39.4 76 37.8 9.9 99.4 191 240 155 151 49.2 12 3
30.8 92.2, 234152 166-36.5 51 35 3 44 8 2 238 151 145 38.8 24 3
258.2 196241 1%3, 3(2‘ l_9P 56 37. 45.7|2 240|151 145 39, 4 1:(Le 3
45.3 289. P si9fe 2_45,';4, 1 }5},) ey (Z,] )3@,.(@_1942.@[5%25?%5@% 1b kéw, 15§' %4
6 236 156|174 40. 4 71235 To0 olfgd PBsds P a5 £991d499 1oy 39 &7
238 155 168 B7. 3 32 237 161 ¥6¥s538.0381838 EBY [OHIAOL 342 3 | Gddol
236 164 1b6 'rgq 6 61 1077 237 168 150U B&Z 1892938 158 1517937.
h7/3Wocdce DO IQ’)ﬂO@%ﬂBJ P.87By Fsﬁ Chi-#4 14 (heép |- $Be
133 WD 20p+# i AR ik .828 0.877 79.8 -1.8 3.3 76.5
49 0.895 0.953 o0.2 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
57 0.775 0.818 85.8 -1.8 5.6 80.6
86 0.843 0.894 89.1 -2.8 8.4 81.3
19 0.818 0.866 88.9 27 9.5 80.2
26 0.889 0.947 81.9 -3.5 7.8 74.3
1 0.569 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 BB.5 2.1 9.7 77.9
27 0.813 0.861 B86.1 3.4 10.0 76.8
28 0.813 4.861 B8.2 -3.2 11.0 78.1
29 0.82 0.868 B4.6 -3.3 " 8.5 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 0.518 0.866 87.6 -2.9 8.6 79.6
52 0.828 0.877 84.0 2.5 9.2 75.6
73 0.822 0.871 86.1 2.2 9.1 78.0
89 0.773 0.816 88.5 2.1 10.7 79.1
20 0.855 0.208 85.8 2.9 74 78.7
B85 0.809 0.856 84.3 -2.5 6.9 77.8
48 0.835 0.885 83.3 -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 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 -3.6 10.1 745
11 0.533 0.661 86.4 -2.1 9.9 776
77 0.658 0.688 87.3 -1.8 0.9 78.7
B 238.6 74.5 0.728 0.766 83.1 -0.8 40 79.5
7 242 1 72.1 0.746 0.786 82.8 1.2 3.0 79.0
8 226 .4 65.8 0.763 0.804 821 1.2 3.5 78.9
31 229.8 92.8 0.708 0.743 80.3 -1.4 3.7 76.9
32 238 57.2 0.769 0.811 82.6 -1.3 3.5 79.2
33 234.9 §5.3 0.764 0.808 81.0 -1.2 3.2 78.0
80 2418 110.4 0.758 0.799 83.6 -1.0 5.0 79.2
61 245.9 119.2 0.792 0.837 83.3 1.4 3.3 80.0
84 245.3 104.2 0.776 0.819 814 -1.2 4.3 77.5
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Sample Chip L* Chip a* Chip b* Ad) Haze Chip Rill CMO0l1l 84.6 -0.6
2.3 82.57.81.0 Cv01 84.9 -0.52582.76.91.0 CM01 85.2 -0.6
2.4 83.0 10 230%03&%}401 85.4 -0.52.383.46.21.0 Cv+01 84.9 -0.5
2.5 82.7 6. B '01 85.1 -0.4 2.2 83.2 7.0 1.0 CM OHCHHS06/(§4646
2,3 83.1 1.0 134 WO 2007/035256 PCT/ US2006/ 034616 AA GEN AA Gen | CP
Al ICP Li ICP P Residual 295/5 275/10 Solution Sanmple (ppm pnm
(ppm AA (ppm (ppmM (ppm Haze (ntu) 21 9.2 2.4 0 21.0 18.5 15.4
7.2 71 10.6 2.5 21.1 11.8 9.4 7.3 11.3 10 9.6 2.5 3.4 37.7 22.7
22.9 10.4 Q9 10.8 2 5 12.9 Q 1.42 7 10.-65-5- 68106 ’)_ééssﬂ 36—3
20.2 22.2 19.5 251_%5@: > @4 6 Rapll16.9(5.7 & *24,%&- 5 (21 - 7] Flekse
8.7 6.0 2.8 | &apbHadpphil] QopdD.|Otpbn6| TBeA | GhBat]| QhBB 1Q D Cpip RHI
67 62.4 21.9 12171953 8 824454 ')g gl 186.3g 1g -20 gl q10Dq 14 76, _5%60 1 9.998
85 6 1 4 4 28 o4 408 525 2 DS I A -l a2 Sam‘z
. . . Z Z ¥ Zgel ! 228 - O 9 Zagno {117 1f. o 1 41;5594 1¥0.35 i}
4.9 9.8 6.7 [IT53¢ 2. 29. 0 04190) 4858 g. Lo I 33, 736324, 8319, B.9 5
4.1 9.7 5.7 11e® 10.6 2.4 30.3 737 2.0 10.9 64.13 22.1 1114
. 49 2 8 26.7 86.4 2.4 11.2 76.43 7.0 0.988
50 10.9 11.4 2 83.8 ~3.0 14,0 71.40 8.9 1.7
72 13.4 14.9 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
&7 9.5 11.1 62.4 834 -2.0 9.8 74.76 13.8 1.006
66 26.3 ] 29.8 86.5 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 0.877
26 21.2 17.2 1.8 778 -4.0 22.9 57.65 21.4 1.064
1 23.2 19.3 50.2 84.3 -3.6 16.4 69.78 13.2 1.008
2 24 .6 19.6 816 | 851 -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 24,7 18.5 46,3 834 -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 £8.45 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 17.8 0.987
59 245 18.5 54.4 84.3 3.1 14.8 71.22 15.2 0.967
52 221 18.8 116.4 B82.9 2.8 15.4 59,47 18.0 0.977
73 o4 186 | . 476 83.8 3.4 164 69.34 17.2 1.002
69 25 28.4 85.4 833.6 -2.9 18.5 69.22 19.3 0.982
20 36.7 9.2 0 3.0 34 16.6 69.29 1.5 0.592
65 39.8 9.8 115.7 81.8 -1.8 10,8 72.26 16.5 1.028
48 3756 9.7 2 79.3 3.3 7.2 54.20 16.4 7.061
47 404 Q.95 123.4 85.6 -2.1 10.5 76.19 11.4 0.992
76 37.8 9.9 99.4 86.7 -2.% 2.8 78.06 8.9 0.97
12 376 30.3 92.2 B84.1 4.4 21.0 65.66 3.4 0.679
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
58 37.7 45,7 2 79.5 4.0 26.6 56.58 20.2 1.015
11 35.2 45.3 289.2 834 | 31 19.0 66.96 12.3 5.995
77 36.8 42,85 2994 84.7 -3.4 17.2 69.55 9.4 0,982
5 77.9 0.2 13.1 67.39 18,1 1.018
7 7.5 05 10.0 71,31 12.3 1.007
g 77.8 05 1.4 88.24 17.0 7.024
31 75.0 0.5 13.1 64.34 17.2 1.044
32 80.9 0.5 i1.5 71.42 9.2 0.986
33 77.8 -0.4 11.6 68.38 14.0 1.023
60 81.4 -0.6 1.8 71.86 6.8 0.988
B1 78.8 0.9 94 70.93 75 1.005
64 79.1 -0.4 10.4 70.60 9.3 1.013
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27 24.7 18.5 46.3 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 59.09.6 9.9 57 23 2:8 43.7 15.4 10.5 853 3221
58 22.8 51.3 16.6 5.8 3.9 59 24.5 54.4 12.8 8.5 7.9 6.5
116.4 21.4 Y¥ ’Q“K‘Z?’%‘:’ 8.0 73 24 47.6 22.9 10.3 7.3 7.2 BOU/b8204@034616
21.7 9.4 62 4.5 20 .7 9.2 0 24.0 23.0 18.9 22.0 65 39.8 9.8 115.7
14.5 18.1 12.2 21.3 48 37.6 9.7 2 44.7 27.6 21.0 20.5 47 40.4 9.95
123.4 35.5 21.7 20.6 28.5 76 37.8 9.9 99.4 30.7 17.5 15.8 12.2 12
37.6 30.8(92.2 21W%310 gcg_ 8[g? 51635.: %ggs 22%2.2 %éig 76 33835
7 . 77 P45, 1 5 |4 ol 25.7 BS.
28 3t ‘2‘54i5§a'm%te28xpm351 A T N P 2bg (0 b Sasap. 6
R TS 0 DT Sl S T e U R R W O M 91 e
13.8 6.5 [6#. 357 L. SP1 L o978 49 -7 LU 03550 la% P8 £
18.5 31 2820 28.2620. B 29%. 8] 34 3% 478411 226. I a3 [ 3Ri530 Basd—
18.2 23.5| 66 28 61031 ) 23 5| 5159 61 188. 6 339 7 | 15169 J. 514864 33283 B4. 4
22 .2 8.5 1Q&8 10.6 24 30.3 196 238 158 149 32.7
. : ~ 49 9 8 26.7 193 233 161 150 34.3
50 10.9 11.4 2 194 242 160 147 327
72 13.4 11.9 55.4 186 240 157 149 33.9
25 11.4 1.1 1.9 191 239 159 146 39.3
67 9.5 111 62.4 200 240 156 147 38.9
66 26.3 B 20.8 185 238 157 155 38.5
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 B81.6 191 240 158 150 35.2
3 24.8 19.5 59.5 236 156 162 356.1
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 18.3 553 235 157 158 32.6
57 23 18.3 437 239 154 164 -30.9
58 22,8 18.9 51.3 235 165 158 156 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 47.6 197 236 153 172 36.3
69 25 28.4 85.4 238 150 160 371
20 36.7 9.2 0 239 158 151 30.8
65 39.8 9.8 115.7 196 240 157 148 32.6
48 37.6 9.7 2 190 240 160 147 36.4
47 40.4 9,85 1234 208 241 163 149 39.4
76 37.8 9.9 99.4 191 240 155 151 49.2
12 37.6 30.8 92.2 234 152 168 36.5
51 35.3 448 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 45.3 289.2 190 242 151 151 40
77 36.8 42.85 2094 241 151 153 36.8
6 236 156 170 40.4
T 235 160 164 - 38.3
8 194 235 158 159 39.6
31 238 155 168 37.3
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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WO 2007/ 035256 PCT/ US2006/ 034616 MD.81 1111111 CB-12 14.8 CB-12 14.7
CB-12 08 17.3 14.9 (CB-12 18.8 16.0 Exanple 6: The oligomer and
procedure used are described the introduction to the Exanples
section. Th&APHPEHPal uni num mi xtures used are descri beBC1/HS2006/034616
Conparative Exanple 4. The alum numtarget is 10 or 18 or 24 ppm The
target Li:Al nole ratiois 1:1, 3:1 or5:1. The PM MR target is 0.6.

In Stage 14 ofthe following array, 85% phosphoric acid is added.
85% phosphori ¢ acid [s added as a {50:50 ¢r 1:1 sé&tassgdon of 5%
phosphoric aciid, and MLLigofe water, Sanp! Ehin b [ dPp nof Presseddi n nuch,
i f any phospherEcfhe QPA*:‘, £ mé? Ui e bt gr AoshhHezes | GhimBollt 2 ppm
Sanple 111 setrgggrap—g 5 M E d—eddpl r?{r o L{8 Al MEBf [1:1. The
pol yneri zat i ol EF@T P gt S opergied—ider cog -6 %6'99 CANIY ETM

aut omat i on sy$UElot P[OgE g d_o:sj rphEgReft— e 2’? Ry ] rgy. The
temperature i N SHBYES ®8250 (1075 e oy g5 2JO\§~'9T. T gher tine
used in stage d¥07 IFUBEHNUTESH 2 TS Phrgdr ttedofrpm 'nish’eﬁptimes in
Conpar ative Exewil el 485330 ) , GTHEIS2006/-034684 Tine
Tenp Vac Stir Stage mn (oC) torr (rpny ~ I O. I 730 0—2—10 265
730 150* 3 2 265 330* 300* 4 1 265 330 300 5 50 280* 30* 300
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6 2 280 30 300 7 1 280 30 200* 8 20 280 30 200 9 2 280 4* 200 10
60 280 4 200 11 2 280 0.5* 30* 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 =ra The
stirring sy %M TE Rt omatical Iy calibrated on torque bePGEESRI03HEE

4 and 5. 137 WD 2007/035256 PCT/ US2006/ 034616 Table 10 LI: Al Mle

Al ICP Li ICP Li:Al ICPPPMIVRSarrpIe Ratio (ppm ppm MR (ppm
ICPth(dUg 1111 22 5.8 102 2901 0,857 116 1 26.5 6.3

act .
0.92 44.7 0.8/0.845 |7 o 93[43. 7 0| 8AGEBOPAATEA [3 16
13.7 3.33 37.3 Q.50 N72%9/% 10.284/10 1) 1%0hgion
le )3 _@BME1|_HppmR |Hagddu)
17.2 13.6 3.0 IR
c8p 1 By (Saf@le
118 5 9.6 12 4786738 9.4 o/ 2 1.3
(ppm ppm (pp{J &3 I 527 h2%9 10.4
8.3 79.9 39 12.7 10.5 5.8
68 222 19.5 25.3
49 8.y 6.0 2.8
50 22.1 16.9 5.7
72 10.0 6.6 13.4
25 22.9 20.0 2.4
67 12.7 9.8 8.8
66 9.5 6.0 11.1
19 8.5 6.1 4.4
26 25.6 17.5 14.1
1 9.8 6.7 15.2
2 8.1 6.1 11.0
3 9.7 57 11.2
27 9.7 7.2 6.2
28 9.3 7.4 4.4
29 8.0 9.6 9.9
57 10.5 8.2 4.2
58 8.7 5.8 3.0
59 8.5 7.9 6.5
52 13.9 10.5 8.0
73 10.3 7.3 7.2
69 9.4 8.2 4.5
20 23.0 18.9 22.0
65 18.1 122 21.3
48 . 276 21.0 20.5
47 40.4 9. 95 123.4 35.5 21.7 206 28.5
756 37.8 9.9 99.4 30.7 17.5 15.8 12.2
12 37.6 30.8 g2.2 21.7 10.8 8.4 8.3
51 35.3 44 8 2 26.2 34.2 22.6 393
24 37 45 258.2 28.2 15.0 10.8 57
56 37.7 457 2 654 41.0 257 38.5
114 35.2 45,3 289.2 55,2 22.2 14.7 7.5
77 36.8 42.85 299.4 41.6 18.6 13.8 65 .
3] 22.9 31.7 21.0
7 30.1 334 25.0 16.6
8 29.4 33.3 23.6 18.5
31 28.2 28.2 20.8 29.8
32 34.2 34.1 26.9 15.3
33 36.6 349 18.2 235
60 25.6 31.0 22.5 55
61 336 33.7 15.9 9.8

64 31.3 34.4 22.2 8.5
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116 26.5 6.3 44.7 88.1 -2.5 6.7 81.7. 119 23.8 5.7 43.7 88.0 -2.8 7.7
80.7 112 16 13.7 37.3 89.2 -3.1 11.0 79.1 120 17.2 13.9 47 85.0
-3.08.976,7 114 17.2 13.6 56.3 86.3 -2.8 8.1 78.7 115 11.6 }&.%
51.5 86.2 - Y052087435%6 6 118 9.6 12 38.7 85.4 -2.8 8.7 7PCHUSNIG03461S
11.5 41.6 88.0 -3.0 9.4 79.3 ICP Al ICP Li ICP P Chip L* Pressed
Sanple (ppm ppm (ppm Chip L* Chip a* Chip b* Adj Chip RH 111 22.2
5.8 2.9 86.2 -2.9 11.8 75.7 0990 116 26.5 6.3 44.7 86.6 -2.0 8.7
78.8 0.987 119 23.8 5.7 43.|[7 86.4(-1.9 8| BATENY 6AGR6 | 112 16 13,7
37.3 86.7 -3.4 13.8 74.3 0.976 120 Reyidyal | 3295/ 7| @35/10-13.0 13.7 71.5
1.031 114 17.2 13.6 56,3 84-82EE pa) zalem) joeemy 5 11.6 11.8

' ' ’ qorB-igid g08 1b 4867 13g147.-4 6 10.9 76.5
51.5 86.3 -2.6 11.2 76.4 0. 49£-"548 vﬁg,_ 28 =2 6.5
0.988 113 9.5 11.5 41.6 86. B8 g2561+0:%—#F—2°8.-99L%-LM(01 85.1 -0.

B2 4 07 o' 0368 1 142 138 WO

2.3 83.1 0.981 CB-12 OM 01 BERA9—64—8-85% g
2007/ 035256 PCT/ US2006/ 0346 16 ot BEN, gvi—fEereSohtirn—+ CP
| CP P 29515 275/10 Haze 1 $a@plig { PP {5 (ppm (ntu)
111 22.2 5.8 2.9 20.1 18.2 IIcBal)6 265 673 447424 8.8 9.1 119
23.8 5.7 43.7 11.6 9.2 13.6[ CcB93 08 7.3 14.9
CB-12 18.8 16.0

=

Example 6:
The oligomer and procedure used are described the introduction to the

Examples section. The lithium/aluminum mixtures used are described in
Comparative Example 4. The aluminum targetis 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 of 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 fime used in
stage 12, 140 minutes, is predicted from finisher times in Comparative
Example 4.
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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 8.3 3.4 118 9.6 12
38.7 8.56.4 3.9 113 9.5 11.5 41.6 8.8 8.4 3.9 CMO01 CB-12 18.8
16.0 CM 01WP3YOU5%We Caimis: 1. -A pol yester pol yner PEBHPIAFOAH
conprising: a polyester polynmer conprising repeating units of

ethyl ene terephthal ate or ethyl ene naphthal ate, alum num atons in an
anount of at |east 3 ppm based on the weight of the polyester
polynmer, and less than 5 ppm C of cat aI ytically active titanium atons

based on the weight of tlepotyegt ; tyester pol ynmer
having an It.V. of at |¢sgheO 7(2]|r@|Ug q )gl nr:(x%,trpr orj‘& ya frelt phase
pol yneri zati on process and a 1part| @€ resggdual  agef al depyde | evel of

10 ppmor |ess, wherein said alfum niyy jat Onags areygdes15@ues of an

al um num corrpound represéntedsdy thedfjor migg:| 3881 O ROR Jb[OR']c[R
Id wherein R R, R' are[indepgndentlyyl an mgEKYT  &8oUp, spy! 9roup,
acyl group or hydrogen, [R'" 5§ an &di|GiapC Jr@pp, and agpfh, €, d are
i ndependently O or positive 1 @ilegers,jand zggtb+CHgh | S THgp@reat er than
3. 2. The conposition of [claim|l, wharlei n &gh¢ podgylesher pol yner
conprises (a) a carboxyl|c acigd conpgnient ®eApPri Sigyd aizgheast 80

nol e% of the residues of teregghthaliod aciddy Qerlvatlv%oof
terephthalic acid, naphthalene-| 2, 6-ghijcarbggyli C acli d, Kdg1i vatives of
napht hal ene- 2, 6-di carboxyli c adid, ok | m xggi@$t heifel, and (b) a
hydr oxyl conponent conpr{singzdt Teant| 80 2a9l[€% @i f he Bgsi dues of

13 3 280 | 650* 30

14 2 280 650 30

15 1 280 | 140* 45*

16 5 280 140 45
s =ramp

The stirring systemn is automatically calibrated on torque between stages 4
and 5,
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et hyl ene glycol, 140 based on 100 nol e percent of carboxylic acid
conponent residues and 100 nole percent of hydroxyl conponent
residues in_the ester polymer. 3. The conposition of claim?2,
wher ei n thew@a%ﬂﬁ'g%? c acid conponent conprises at | east PEHUSRSPLHHGS
the residues of terephthalic acid, derivatives of terephthalic acid
or m xtures thereof and the hydroxyl conponent conprises at |east 90
nmol e% of the residues of ethylene glycol. 4. The conposition of claim
3, wherein said conposition furthertsgienni ses al kaline earth netal
atons or al kal-_net a|I atons Y [he co '\ngjfinn of claimd4_  wherein
said conpositfon fufrther donprises nhos 6.1
conposition of gl all :%A'%G%%r?nAkﬁe' [.%;@3‘ (§ M =E1 L4 pe
2mRle, | o Ratio 1, Jopr) (|~ o), 3~ adt  Tihyvdaug)
end Of pOl yCO IUb1I fr UII1I LI} [N 2IUI U 5 - 1rﬁ2I el g_ou. % 1Pl \l%\.‘ 7
The COITpOSiti Pk efad 5 £ e g" ||g4?ﬁ TQYEs 4 Om |453,
l'i thi um at ons 19 QTP ST 23.8)11’ ursvl =} |||0:§3 vy |_t:;4§|7|| Lmas ol kca
met al atons CPMPRLSE SOGT U at@s.[ 943 71 T GOAPOST &Y G [Of oG &l ”‘0@73
wherein the @rk@ht el gt QUuoRE: CANMPIIEE| PE@ASS| Ulgzat ans o610, 1618%
conposi tion of cliai m 4, swhar ennzt Ne w@ain| nyozat pnes.ar § poasent ogaz a
anmount rangi ng TrmempB ppm tjo 106 ppmizased 3ms | hel.sei|gh.sof |t o34
pol yester pol ynerig 11. Fhe jcor@osijt 1 oa of cladi m 108.7wher @i6n 1| h@.835
r ant

-

= _1
C)(‘D.
o

b h .

*Q‘L

LNn. N unt ranairnao fr E nnm+n N N

al um num atorrs—ape—ﬁ: At—HR—aR—gRedrt—angtrgH-em-5ppmte66—pp
based on theJ wei ght] %Phhe ﬁ)@‘},ye,t%P pol yner. *2 Thejconposi tﬂ*mwo
cl ai m 4, whe eéenn&@e qmog tw GOTR) S s,_*t,\g‘ég, Ié@i\‘eg” ”BB*Nemﬁ“ OMRg;
conpri st ng one Py YT E503 [T U \IgUTTTat gigh, S3F UM al@Ts dgyg Pyt agy N
atons, the aljumiTEM[atsBE 4T € s@ €§CTis 7 M| aTggHTOUTIT 2 5 8.7 817
119 23.8 5.7 43.7 88.0 -2.8 7.7 80.7
112 16 13.7 37.3 89.2 -3.1 11.0 79.1
120 17.2 13.9 47 85.0 -3.0 8.9 76.7
114 17.2 13.6 56.3 86.3 -2.8 8.1 78.7
115 11.6 11.8 51.5 86.2 -26 9.5 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 9.4 79.3
ICP Al ICP Li iCP P Chip L* | Pressed
Sample {ppm) ppm {ppm) ChipL* | Chipa* | Chipb* Adj Chip RHI
111 22.2 5.8 2.9 86.2 -2.9 11.8 75.7 0.990
116 26.5 6.3 44,7 86.6 2.0 8.7 78.8 0.987
119 23.8 5.7 437 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 88.3 -2.6 11.2 76.4 0.997
118 0.6 12 38.7 86.3 -2.8 10.9 76.5 0.988
113 8.5 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 0.8 1.8 83.7 1.011
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ranging from3 ppmto 100 ppm based on the wei ght of the polyester

polyner, and the nolar ratio of said alkali nmetal atonms to said
al um num at from0.1 to 75. 141 13. The conposj tion of
claim 4, mhgggw&ﬁ@ﬁgﬁconposition conprises the alkali met Gl USHPtge616

conprising one or nore of lithiumatons, sodium atons, and potassium

atons, the alum num atons are present in an anmount ranging fromb5
ppmto 60 ppm based on the weight of the polyester polyner, and the
nolar ratio pf said| al kali] nmetal [atons {éASHN]| &P @ennuasldbons ranges
fromO0.25 to[10. 14.ICRlE [cd@Pbisiit IhP ol 8%¥d m L75MWhdr &lere t he

conposi tion gdgpelesiesephk lal ke | ndReal) at GR®) cpnf@Pikiing(héhe [or nore
of lithium atong! kod28mlat &, landOnol aL8ilum aflBAs | t Ab6 allunmi num
atoms are presedf in 2BSanpudd rarﬁ'ﬁTD% 18 5 pphet 4350 based on
the wei ght of—t} : borBland RO boi9e (o 13804 said

al kali et al atuﬁu 01?525 a'1 A &Ff?:,?;em 1g§ngvs ? S+ C.S’?j{ 9 5. 15.
The conposit G?UXfT IﬁZETll,j§%erei§m;P:. &aba ilj@%§+—§§pﬁf conpri se
sodi um at ons oG5 ! cl.”rB:rplOouH‘gm O &1 g L TWEs e ghe al _kaI |
nmetal atons COTHIRTS g ¢ MTUNT @ 0T[5 . 357 MEsCOTPUSA TT[ON 30y |l ai m 1,
wherein the potHgSTET PO YITER] flag alfg ] V. gl Al gFasl Gg/oldL/ g
obt ai ned t hr pUGH.gE NE el T _[phase {pol yneri zati op proceass. 18.| The
conposi tion ofcekarm L7, whér el n [thé polyesiser| pabgngr _has an It. V.

of at least 0.@@0cdll g obtali ned tHrough The nelif phasdg polynerization
process. 19. The conposition of claim18, wherein the polyester
polymer has an It.V. of at least 0.84 dL/g obtained through the nelt

phase

wherein the conposition has

ppm or | ess.

has

pol ymeri zati on process.

20. The conposition of claiml,
an acet al dehyde generation rate of 18

21. The conposition of claim1, wherein the conposition
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22. The conposition of claim1, wherein the conposition has an

acet al dehyde generation rate of 10 ppmor |ess. 142 23. The
conposition of claim1, wherein the conposition has an acetal dehyde
generation rate of 8 ppmor |less. 24. The conposition of claim1,
wherein the al um num conpound conpri ses one or nore of carboxylic
acid salts of alum num substituted al um num hydroxi des, al um num

al cohol ates, and al um num chelates in which the al koxy group of an
al um numwalhadoWd alzémils; partially or wholly substituted by a

chel ating agent. 25. The conposition of claim1, wherein the al um num
conpound conprises al um num car boxyl ates, basi c al um num car boxyl at es
or al um num al koxi des, or a conbination thereof. 26. The conposition
of claim1, wherein a+b+c+d is equal to 3. 27. The conposition of

claim1l, wherein the al umgg ggt%ppéﬁmggg fﬁﬁ*’@f{m"d fromthe al um num
ol n

corrpound di spersed or dis a or a carrier reactive
wi th one eeMpHsiagFOPYEeater PAGNEHA crcgnnrﬁgwge'ep@atm Lovits of ethyleorttaiepbibaiate ar

Port hor - cSlitefEHapRERRAS it furpfomb 7t AFFRRRI or tTbabl o ol Piska on the
WPE; F: n rrte h@;glmb’éhhemtmeeteopolym ariddads Hnenéa:mgohmtal&tuaa’llgmtimt;tﬁfmam
The- corpoltm e AR drfinb Weidh BFIHE VISR Bo A0 Shiq bhIOIE: fort Bef Dayifeiom,
to 100I 30t Wlwé‘telbleaﬂdltsm o'y abtaindditnough a/\tmert@ras& p@yrpeh;zﬁmg?fnf;)e:mgaa
br ocess. " Rael oSt acBuin 6O Rl of ) ot of L BIBR AL Blonts

are residues of an aluminum compound represented by the formula:
Al[OR]a[OR'J,[OR"][R" 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.

2.  The composition of claim 1, wherein the

polyester polymer comprises
(a) 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—z,ﬁ;dicarboxyl ic acid, or
mixtures thereof, and
{b) a hydroxyl component comprising at least 80 mole% of the residues of

ethylene glycol,
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conposition contains |less than 3 ppmof the catalytically active
titani um atons based on the weight of the polyester polyner. 32. The
conposition of claim1, wherein the polyester polyner is nmade w t hout
addition of the catalytically active atons of titanium or
catalytically active atons of cobalt, antinony, or gernmani um
effective to catal yze the manufacture of the polyester polyner in
the nelt phase pol ynerization process and increase polyester polyner
lt.V. froma starting point of 0.2 to 0.4 dL/g by 0.1 dL/g or nore
after 1 hour at 280C and 0.8 mm Hg. 33. The conposition of claim4,
wherein the polyester polyner is nade wi thout addition of any

catal yst pRia] o Qo h&teh i BafoRylicHcidBYBps vt FR/URE ahBe 08lHanum
atons and one or nore sources of the alkaline earth netal atons or

t he al kal pergentaf radeuy! eanranent eesidyes it ieypplyesies PRUA® act ure of the

pol yester polymer il theERlbnREASE cPOLM®! WR&kiPRePr OCESS and
i ncrease pol yester ‘polymer It.V. froma starting P0| nt of 0.2 to 0.4
e

dL/ g by ocarbaxylig asid ersmronent eomprises at least 90 Bote %A e, rgsidkesgf temphtipl
conpositi o) i I Qi i ey { i

he rosi daod e clierepREiRL ol of eI LR HE LYo RAIDRER:
1, wher ei rornprsesatprest D0 ool %arcf e resisivps pEelbyph@shyddr us at ons. 36.
The conposition of clai . 0] N RQ% atons are

obtai ned from phosg’hor uihgg?rrﬂ%ﬁﬁ cgﬁg bﬁ? ea%ﬁ%\%gtsor s. 37. The
conposi t i campdsitidraiurth&scormirisesiafkaiiad danh owete atanss at akali met! ators. ned
from phosphori c_acid, PiesBAAbYSHGobaiRCl YHRSAREK! domRsidn

pyr ophosphoric aci (? car boxyphosphoni ¢ aci ds, phosphonic acid

deri vat i viestheocomprdsels phiospimeis akensd. s, esters, derivatives or m xtures

e 38 e SO bt MRl s M Sy O phospor s,
phosphor i phasphdrusratams ass addatieatithaend ef pdlydondepdwsiop firotheamelt polasel 44
39. The cgo r?lg}iéaiti?)ﬂ p%cecslsgi m 38, wherein said '
7. The composition of claim 5, wherein the
alkali metal atoms comprise lithium atoms.
8. The composition of claim 5, wherein the
alkali metal atoms comprise sodium atoms.
9. The composition of claim 5, wherein the
alkali metal atoms comprise potassium atoms.
10.  The composition of claim 4, wherein the
aluminum atoms are present 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
aluminum atoms are present in an amount ranging from 5 ppm to 60 ppm based on the
weight of the polyester polymer. '
12.  The composition of claim 4, wherein the
composition comprises the alkali metal atoms comprising one or more of lithium atoms,
sodium atoms, and potassium atoms, the aluminum atoms are pres_ent in an amount
ranging from 3 ppm to 100 ppm based on the weight of the polyester polymer, and the
molar ratio of said alkali metal atoms to said aluminum atoms ranges from 0.1 to 75.
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phosphoric acid conposition conprises 95 wei ght percent of phosphoric
acid. 40. The conposition of claim28, further conprising phosphorus
atons, wherein the nolar ratio of the phosphorus atons to the total
nol es of the alum num atons, the alkaline earth metal atonms, and the
al kali metal atons ranges fromO0.1 to 3. 41. The conposition of

cl aim 40, wherein the nolar ratio of the phosphorus atons to the
total noles of the alum numatons, the alkaline earth netal atons,
and the alkali nmetal atonms ranges fromO0.5 to 1.5. 42. The
conposition of claim1, wherein said conposition has a degree of
crystallinity of at Ieast 30% an acetal dehyde generation rate of 20

ppm or |ess, an L* | east 6 r polynmer has the

lt.V. of at | east ﬁg 76 .HL/ n&?ﬂsépﬂao?%a%rwgﬁg%hﬁ{h%el t phase

pol ymer i z@bmbsmmcmsnsefb&he“éhehmmlcmoms compfisicg aheodtorenbilitiéium dthres,
acet al dehyd eratio te, 5 m Qr | ess e _comaositi

of “chai m ToofcAams. &t polismulpbm HRaim i el e BB AT
at | east %ngaﬁﬁdnap;ﬁﬁ@d abﬁghmeed@anee aelganofrtae@otyestbﬁpoipmeo,ranldelse

45. The con({?om tio in,t ol ester

Comr 1 ses Mgyt Sheaib 2l it e e ALTuuiER Al ongBS rEEd 25 10

mol e% of the residues %etc@hﬁﬁbittb@bf @iamudwhélernl tat i ves of
terephthalic aC| d, napht hal en@@'l@&?@dl carboxylic acid, deri v tive

napht hal ef8MPORtie] E%{F‘Brb%@‘ﬂ thea RIOTRS LPMPEiNg ARY BbMOre gy OmS

hydr oxyl @@@iﬁl@m%&hs %@éétésaﬁnéﬁtod@&ﬁé alehiforh e%red a:termeg@ﬁmdunean@hnt
et hyl ene gl ycol based nol e percent

compyonent ANGHTEHRIS SR 1080 RBIEPEsBA DaATR WIS hyh B Rg bEhpaMaRE, and the

residues ibidrhgtidol SBSEREI H@twﬂ&sms fN¢hid BRIy Bton®d ranbes framuTs feis
atons ranges from 3 ppmto 100 ppm based

ﬁ t he weiught of the
pol yester pol yner,15sai JhécFﬁﬂ'tPé’ﬁtt‘PBH tlaim AbrWidRBri€es al kaline earth
metal  at oRfka@ metdl k®rhs BBhBlse d&dium atoms.

16.  The composition of claim 11, wherein the
alkali metal atoms comprise lithium atoms.
i?. The composition of claim 1, wherein the
polyester polymer has an It.V. of at least 0.76 dL/g obtained through the melt phase

polymerization process.
18.  The composition of claim 17, wherein the

polyester polymer has an It.V. of at least 0.80 dL/g obtained through the melt phase

polymerization process.
19. The composition of claim 18, wherein the
polyester polymer has an It.V. of at [east 0.84 dl/g obtained through-the melt phase

polymerization process.
20.  The composition of claim 1, wherein the composition has

an acetaldehyde generation rate of 18 ppm or less.
21.  The composition of claim 1, wherein the composition has

an acetaldehyde generation rate of 13 ppm or less.
22.  The composition of claim 1, wherein the composition has

an acetaldehyde generation rate of 10 ppm or less.
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atons and phosphorus atons, wherein the nolar ratio of the al kaline
earth netal atons or the alkali nmetal atonms to the al um num atons
ranges fromO0.1 to 10, and the nolar ratio of the phosphorus atons
to the total noles of the alum num atons, the alkaline earth netal
atons, and the alkali metal atoms ranges fromO.1 to 3. 46. The
conposition of claim45, wherein the polyester polynmer conprises (a)
a carboxylic acid conponent conprising at |east 95 nol e% of the

resi dues of terephthalic acid, derivates of terephthalic acid, or

m xtures thereof and (b) a hydroxyl conponent conprising at |east 95
nol e% of the residues of ethylene glycol, based on 100 nol e percent
of carboxylic aci dﬁ;o”p%rﬂorﬁpﬁ)%w%%c@mﬂ@ﬂer@mtﬂe cBR16E06N Rhs

hydr oxyl conponent residues in the polyester polymer, and the anmpunt
of the abRumchiglidehydpsererabiesrate ohd PPPPMIeSS- 60 ppm based on the

wei ght of the polyester polyner, and the nolar ratio of the alkaline
earth netal atonms or the alkali netal atons to the al um num at ons
ranges from0.5 to 5, and the nolar ratio of the phosphorus atons to
the total noles of ghe i earth netal

atons, and the al kéall %H%%ﬁ%{ﬁn@ﬁrﬁgﬂg@;? ‘?igé;fnéi(sl tg@to 2. 47. The
conposi t i shrofurg lcampoua] cwh'ien@emrterm raerewh cabxyliceacit saitsrod aiuations,

ranges fr e
ol vrar " STRSTRER Ml HPRB RS AL AclfiOEED, i alAmuBPIIREE T |
al kali  nmehizh tiag elkexy grduh@fahmiurmuumaﬂmﬁwlatarsgmt[a‘ny@rmmﬂy $upsHiutethdy a
t he nol ar eg%mn% 4} Ehe phosphorus atons to the total noles of the
al um num E‘H %€ al kal i ne earth netal atons, and the al kali netal
atons ranges from @5 tdhe.dompé8itiokobolainh ¢, yhereorthreobt ai ned from t he
conpositign of any one  of clai 1-47. 49, ol ter conpositjon
comprtsi g BRfing S Rt Hu bl clPaofifS PSR A fgRRT o Res
conpri seswrﬁpmanmmglkumﬂt:s, cmfa cmrmmaam théreokpht hal ate or et hyl ene
napht hal at e and: '2)6 al Li_m 9

he comp05| on of claim 1, wherein

atb+c+d is equatl to 3.

27.  The composition of claim 1, wherein the
aluminum atoms are obtained from the aluminum compound dispersed or dissolved in a
diluent or a carrier reactive with one or more polyester forming ingredients or are
contained in a polyester polymer concentrate.

28.  The composition of claim 1, further
comprising alkaline earth metal atoms or alkali metal atoms, wherein the molar ratio of
the alkaline earth metal atoms or the alkali metal atoms to the aluminum atoms ranges
from 0.1 to 75.

29. The composition of claim 28, wherein the
molar ratio ranges from 0.5 to 10.

30. The composition of claim 1, wherein the
polyester polymer is made without addition of cobalt to the melt phase

polymerization process.
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146 (U) alkaline earth netal atons or alkali netal atons, and (iii)

| ess than 5 ppm of catalytically active titanium atons based on the
wei ght of the polyester polyner, and (iv) a catal yst deactivator
residue effiective to at |east partially deactivate the catalytic
activity of the conbination of (i) the alumnumatons and (ii) the

al kaline earth netal atonms or the alkali netal atons, wherein the

pol yester polynmer has an It.V. of at least 0.72 dL/g obtained through
a nelt phase polynerization process wherein said alum num atons are
resi dues of an al um num conpound represented by the formula: AI[ O
R a[OR ] b[OR'] ¢c[] R,,] dwierein R R, R' are independently

an al kyl group, ary. grQ‘H@cogﬁ)gklt@ﬁ%PaaPMW r@ﬂﬁﬂe R'" is an -

ani oni c gr oup, and a, ) re I ndepend enq% 0 or OSItIVG
y

i nt egers, CQIARPSItIOAARIRINS @Sﬁwa@r%a@@rofﬁheat%at@ytl aqgliye *&@mwasat@mﬁﬁaﬁtfd on

cl ai m 49, yahedi@dyy ¢ QL V&pBér, POl ymer conprises (a) a carboxylic
aci d conponent corrplf?%ﬂq%g %irtﬁlﬁ%ast 80 nol e% of the residues of

t erepht hal i ¢ aci d, 3der i Vaeicomposifion of epim havhareladhel,
napht hal e ygsrtér pgilﬁﬁérQQWéde%l%b adcﬂﬁcﬁd éfﬂﬁé \5%% ﬂf:alﬁaagm@é‘o?ﬁkeof%rt@mum

di car boxy Cc aci m xtures thereo onent
conpri-si n@f cgtalytisadly agiiveraibmewh tohaite anmre@nsdoégermarmmpﬁ@ﬁyegp@é lyze the

based on fafuEBfe g%gtp,e%r ﬁag#] QX thE rﬁ&g&ngggge%%?%amﬁ;ﬂes%m

100 nol e per cen onent I'n t ;) ester
pol ymer . lﬂct_r.eaS’ﬁeol@'aﬁposmymenltM fronm ateBOg Peftg0é 02 to et dligdrydl-§ st/g or

of ol a1 m ke R e TS, O Compri e 11t hi U at ome.
147 53. The conposi3Bi onToe comabpsitiel of glhier ¢i wherein the
polyester polymer is made without addition of any catalyst metal atoms other than one
or more sources of the aluminum atoms and one or more sources of the alkaline earth
metal atoms or the alkali metal atoms effective to catalyze the manufacture of the
polyester polymer in the melt phase polymerization [ﬁrocess and increase polyester
polymer It.V. from a starting point of 0.2 to 0.4 dL/g by 0.1 dL/g or more after 1 hour at
280°C and 0.8 mm Hg.
34.  The composition of claim 33, wherein the
composition further comprises the residues of a catalyst deactivator.
'35.  The composition of claim 1, wherein the
composition further comprises phosphorus atoms.
36. The composition of claim 35, wherein said phosphorus
atoms are obtained from phosphorus compound catalyst deactivators.
7 37.  The composition of claim 35, wherein said
phosphorus atoms are obtained from phosphoric acid, phosphorus acid, polyphosphoric
acid, pyrophosphoric acid, carboxyphosphonic acids, phosphonic acid derivatives, or
each of their salts, esters, derivatives or mixiures thereof.
38.  The composition of claim 37, wherein said
phosphorus atoms are obtained from a phosphoric acid composition comprising the
phosphoric acid or an ester derivative of the phosphoric acid.
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t he amount of the al um num atons ranges from5 ppmto 100 ppm based
on the weight of the polyester polyner. 54. The conposition of claim
53, wherein the It.V. of the polyester polyner is at |east 0.76dL/g
obtai ned through the nelt phase polynerization process. 55. The
conposition of claimb54, wherein the polyester polynmer conprises:

(a) a carboxylic acid conmponent conprising at |east 80 nol e% of the
resi dues of terephthalic acid, derivatives of terephthalic acid, or

m xtures thereof 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 nole percent of

hydroxyl conponent 3®si desconposiion potiuks e/ wiereygid 56. The
conp03|t| of, cl ai grein the oI ter polynmer copprises (a)
o oar boxy P Seer G el BiRARUcE o P 577,85 el aSiceBEP PRI Aok

resi dues of terephtml i CTJ”@Cadﬂnpdéﬂlbh\oabI%ﬁnQB fuﬁhé‘rpht halic acid, or

m xt ures thereof aB 9@% a roxg %nponent conpri si ng at Ieast 90
mol e% of CRYPHYEY #REPRIUS %fpﬁgﬁ Rerel Yednolabiziie @t B¢ PIOSPhRILE afsng ierhe
of car boxydtamaies @f GRPeRARLM ARisteldNte L8R kA athifs Gﬁﬂtth@falkan metal
hydr oxyl conponent re5|dues in the pol yester pol yner. 57

conposi t i GHPTe% a0P8s APB0- WP érei n the catal yst deactivat o.r reS| due

conpri ses - phosphor ug, at%cdﬁgﬁsﬁibﬁoﬁ‘tﬁirﬁa@u\%er@fﬂ thghe phosphor us
atons ranges from 10 ppmto 3 he conposition of claim49,

wher ei n t iOIFFR{Ret R Pb@ﬁ@h?éids ﬁ@gnSatﬁ the total malesief the agmioumeterug, the
obt ai ned ikaMdBartRctR lalord) 298 thd AkYIMReta ldn¥raRGeS 8% 0.3481.5.
42, The composition of claim 1, wherein said
composition has a degree of crystallinity of at least 30%, an acetaldehyde generation
rate of 20 ppm or less, an L* of at least 60, and the polyester polymer has the It.V. of at
least 0.76 dL/g obtained through the melt phase polymerization process.
43.  The composition of claim 42, wherein the '
acetaldehyde generation rate is 15 ppm or less.
44.  The composition of claim 1, wherein said
composition has a degree of crystallinity of at least 40%, and- an acetaldehyde
generation rate of 10 ppm or less.
45.  The composition of claim 1, wherein the
polyester polymer comprises:
(a) 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
mixtures thereof, and
(b) a hydroxyl component comprising at least 90 mole% of the residues of
ethylgne 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 the
aluminum atoms ranges from 3 ppm to 100 ppm based on the weight of the polyester
polymer, said composition further comprises alkaline earth metal atoms or alkali metal
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59. The conposition of claim49, wherein the conposition has an
acet al dehyde generation rate of 18 ppmor less. 60. The conposition
of claim49, wherein the conposition has an acet al dehyde generati on
rate of 13 ppmor less. 61. The conposition of claim49, wherein the
conposition has an acetal dehyde generation rate of 10 ppm or |ess.

62. The conposition of claim49, wherein the al um num conpound

conpri ses carboxylic acid salts of alum num substituted alum num
hydr oxi des, al um num al cohol ates, or alum num chelates in which the
al koxy group of an alum num al coholate is partially or wholly
substituted by a chelating agent. 63. The conposition of claim 49,

wherein th ﬁmﬁﬁé’r{ﬂﬂ%}) ROMER QitSHis, GOHERE 3RS et tWtﬁ@émgm GhrfPmetal atoms

al um num a at es substi t'uted al um num hydr oxi d
conbi nat | eRthetRdationetalstonTsite theoatyoyium @h@nwfraeg%ﬁ fmrn@ 7 Wﬁé} @rlﬁ theyeolar

al um num ahang yal &, ghé‘r‘u'geaqorhé FHWhEQ&a%HE%WmeCQUHﬂ%Wth%g HevQkhaline

slurried or dlspers in a a carrier reactive h one or
nmor e pol yegtiemetad akingy andrige etk metal atomawaggesfroa hédo Bn a soI id

pol yester polynmer nce mof claim 49,
wherein the nol ar ?’gtl Oﬁ@{e%ﬁxgo?ﬁﬂnﬁ‘ﬁ%ﬁgg’ %rr%'ﬁa?&atom or the
al kal i rrepdyesierqmiymermdmams&sum num at ons ranges fromO0.1 to 10. 66.

The .conposi tion of (@ E g?)[( }%{&%&%@oﬁn@ﬁtm Si iﬁt'lgasl‘?bStnq'&eglc%?%é ne

earth netal atons un num a
ranges from 1l to 5resdueskfderephiati acld),rdeﬂvatﬁlsamfrte@htwl@ra@i% % he

pol yester polyner i addition of cobalt to the nelt
phase polynerizati d)ﬁtg%%gﬂegﬁseg%.‘g@% The conposition of claim49,

wherein the pol yestlegra pydrymgénonmonerd@omptihiogtat Eadt 95 ooleb véthe residues of
esterification of tg1 cat %)?I cally 149 active titanium atons or
catalytically acti Vi yéﬁ cobalt, antinony, or

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 the
aluminum atoms ranges from 7 ppm to 60 ppm based on the weight of the polyester
polymer, and the molar ratio of the alkaline earth metal atoms or the alkali metal atoms
to the aluminum atoms ranges from 0.5 to 5, and the molar ratio of the phosphorus
atoms to the total moles of the aluminum atoms, the aikaline earth metal atoms, and the
alkali metal atoms ranges from 0.3 to 2.

47.  The composition of claim 46, wherein the
amount of the aluminum atoms ranges from 10 ppm to 40 ppm based on the weight of
the polyester polymer, and the molar ratio of the alkaline earth metal atoms or the alkali
metal atoms to the aluminum atoms ranges from 0.5 to 5, and the molar ratio of the
phosphorus atoms to the total moles of the aluminum atoms, the alkaline earth metal
atoms, and the alkali metal atoms ranges from 0.5 to 1.5.

48. A bottle preform obtained from the composition of any one
of claims 1-47.

49. A polyester composition comprising a
polyester polymer wherein said polyester polymer comprises repeating units of ethylene
terephthalate or ethylene naphthalate and:

(i) aluminum atoms
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germani um effective to catalyze the manufacture of the polyester
polymer in the polyester nelt phase polynerization process and
increase the It.V. by 0.1 dL/g or nore as neasured starting with a
pol yester polyner It.V. ranging fromO0.2 dUg to 0.4 dL/g, after 1
hour at 280C and 0.8 mmHg. 69. The conposition of claim49, wherein
t he pol yester polymer is made wi thout addition of any catal yst netal
conpound ot her than the al um num conpound conprising the al um num
atons and one or nore of alkaline earth nmetal conpounds conpri sing
the al kaline earth netal atons or alkali nmetal conpounds conprising
the al kali netal atons to the nelt phase polynerization process. 70.

The conposi ti op]g ﬁh@é%&#%e%%fcﬁﬁé]o ﬂkéil rﬁ@fa%%ﬂs deqctivator residue

conprises the ues an acidic orus npound or their
ester derivati (}'@de@rfhﬁh ﬁtmgf Qaﬁ@v@aﬂly avtlve trram;umcmwg ibeserhon thecyaipi of

70, wherein saj ,.%ﬁq); p% 4's compound conprises phosphoric
aci d, pyrophosphaoric aci phosphorous aci d, pol yphosphoric acid,

car boxyphos phofiv)a eatalyst, dqmbwmﬁsdua@ﬁdctlveéo iat lwesbestialyrdesgtivate the

their salts, eéét?[zﬁc a&ﬁfltbwﬁ Hevc%%tﬁﬁatfoh)otf:(} @S %lg%{slﬁﬂ{] atdrAs aIQ u) the

conposi tion of erein the aci us conpo
cont ai ns phospéalseline eardnwsetahaimshantied alkeleetallatoms,rati o of t he

h h t , i
Carth et eral B S o e SR B o B BB o met
3. 0. 73. TPhesepoposiitation pocessaimardia saidheureinant flomsraresidites®f@h t he
phosphor u um num atons, the al kal i ne

earth et %l %ﬁ@ﬁs&%}i}ﬁ?ﬁ? fﬁ%%r%l;ef{ﬁéq Bﬁg}ealjpmaolgm ranges from0.5 to 2.
74. The conposition of claim49, wherein the corrEom tion has an
2nd the pol yester pol yner has t ALREQRTSPRER ot 0776 dirg
obt ai ned through the nelt phase polymerizati on process. 150 75. A
bottle pr %vfh%rr'e% %bkaweaq'efmré)ependent!y an eﬁl?ll tglroup, aryl group, acyl group or hydrogen,
R™ is an anionic group, and a, b, ¢, d are independently 0 or positive integers, and
at+b+c+d is no greater than 3.
50.  The composition of claim 49, wherein
said polyester polymer comprises
(a) 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 mixtures thereof, and
(b) a hydroxyl component comprising at least 80 mole% of the
residues of ethylene glycol,
based on 100 mole percent of carboxylic acid componént residues and 100 mole
percent of hydroxyl component residues in the polyester polymer.
51.  The composition of claim 50, wherein
said catalyst deactivator residue comprises phosphorus atoms.
52.  The composition of claim 51, wherein

the alkali metal atoms comprise lithium atoms.
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any one of clainms 49 through 74. 76. The bottle preformof claim?75,
wherein the bottle preformhas a residual acetal dehyde content of 8
ppmor less. 77. The bottle preformof claim76, wherein the

resi dual acetal dehyde content is 6 ppmor |less. 78. A continuous
process for the manufacture of a polyester polyner, conprising adding
phosphorus atons to a polyester nmelt containing a) alum num atons,

b) al kaline earth nmetal atons or alkali netal atons, and c) | ess
than 5 ppmof catalytically active titanium atons based on the

wei ght of the polyester polyner, wherein said phosphorus atons are
added to the polyester nelt when one or nore of the follow ng

conditions are satisfied3or fTheesapéstion GithimesfQndesi i di fication of
the polyester nelt: a) the polyester nelt reaches an It. V.

f .
| east 0, SOEATG: 6 15y 2l UREWTHFWEH TPRGES GO ebRg o it eem ged op frespgioht

is at |eagtnBdolyjedlel polyrkeased; or c) if the polyester nelt is
present in a nel't phasé polynerization process, adding the

phosphorus atons wi t hi n94- f i Thel camnesitien of sleimdRi whereile  pol yest er

pol ymer OfqeAf. i€t th@%o{ybaér pbRATdros aﬁlé@s@@.f?%E/gaotj_?th'mbéﬁhﬁog?h e ting

t he polyester nelt; or d) if 'the polyester nelt is present in a nelt
phase pol MeEPhase PelMgrigalidnsprocesst | owi ng at | east 85% of the time for

pol ycondensi ng the pol yegsgter no®itiorfof ddl® 34, wherddt the pol yester
melt is within +/- 0.15 dL/ QT%E(?H%&%HP V. obtained upon

sol i di fi cHeipphyestar pojyngr comppieesit within 20 minutes or |ess of

solidifying the pol o gghgé i t S00hYIEeS oftRS an
It.V. of at |east (SX%E%{?P ?#Stﬁ“icg ne ﬂeﬁgﬁﬂﬁpﬁﬁgﬁﬁéﬁ gghase. °

pol yneri zati on pr ocesiduespidersphthalic acidorgevatives obteraphthabepeidses
repeating units of ethylene tecephthal ate or ethylene naphthal ate and -
wherein said alumnum atons are residues of an al um num conpound

represent ed by the (bpa hdraxyl tompahefit@oRrjpriginp@t RaBt 80 [rolg¥jof §1e msidues gf
ethylene glycol,
based on 100 mole percent of carboxylic acid component residues and 100 mole
percent of hydroxyl component residues in the polyester polymer.
56. 1 The composition of claim 55, wherein
the polyester polymer comprises
(a) a carboxylic acid component comprising at least 90 mole% of the
residues of terephthalic acid, derivates of terephthalic acid, or
mixtures thereof and
(b) a hydroxyl component comprising at least 90 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.
57.  The composition of claim 50, wherein
the catalyst deactivator residue comprises phosphorus atoms, wherein the amount of
the phosphorus atoms ranges from 10 ppm to 300 ppm.
58.  The composition of claim 49, wherein
the polyester polymer has an ItV. of at least 0.76 dL/g obtained through the melt phase
polymerization process.
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wherein RR 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 ‘

i ndependently O or positive integers, and a+b+c+d is no greater than
3. 79. The process of claim 78, wherein the polyester nelt is present
in the nmelt phase pol ynerization process for the manufacture of said
pol yester polyner. 80. The process of claim 78, wherein the pol yester
nmelt is present in a nelt processing zone for manufacture of an
article. 81. The process of claim80, wherein said nelt processing
zone conprises an extruder barrel. 82. The process of claim 81,
wherein said nelt processing zone conprises the extruder barrel of an

i nj ection nol ding machi me. $Re cIMBoRMACESaIOf4% Whbraii’8, Wwherein the
phosphorus atons are added to the polyester nelt after the polyester
mel t  obt afescogppgsition hagrangcefaidaliyde genaragien fate 8718 BAB FeRSess of

claim 78, wherein the plggsphqrﬁggoﬁ,bggﬁo,%?c@m wrerdihe pol yester

melt after bringing the pressure in the final reactor to a |evel of
600 nm Hgthercagrssition hasdnmaeidehvEe Jgpesptan eate REl$ PP Ordess: di f i ed.

85. The process of clai @‘1.781TH@E&%FBQ&B@OPHQW*&Q{Hﬁe@ir?”ﬁ are added
at a location near or at the end of the final reactor or after the

final reatieornpasitbahesanaretaldghyde geoerabon tatagl 1hePHAr|RSSt er nel t

into particles. 86. The process of claim 78, wherein the phosphorus
atons are added to the polyester nelt followi ng at | east 95% of the
time for pol ycondensi n§2t he Thergapesitiomed aaimisy wlereimhe process of

el t - wnon O T it A AORERIRHE R Ao RIS ok BLRIRUBO RN |
pol yest er apioliyure hydioxides uglominsiol algoielaies. asralurgigummhelgiepidasicibihecalismn
78, wher eh%utpbﬁ aR@ﬂﬁﬂHBﬁwLﬁcoholate is partially or wholly substituted by a chelating agent.
63.  The composition of claim 49, wherein
the aluminum compound comprises aluminum carboxylates, aluminum alcoholates,
substituted aluminum hydroxides, or a combination thereof.
64. The composition of claim 49, wherein
the aluminum atoms are obtained from the aluminum compound dissolved, slurried or
dispersed in a diluent or a carrier reactive with one or more polyester forming
ingredients, or are contained in a solid polyester polymer concentrate.
65.  The composition of claim 49, wherein
the molar ratio of the alkaline earth meta! atoms or the alkali metal aioms to the
aluminum atoms ranges from 0.1 to 10.
66.  The composition of claim 65, wherein
the molar ratio of the alkaline earth metal atoms or the alkali metal atoms to the
aluminum atoms ranges from 1 {0 5.
67.  The composition of claim 49, wherein
the polyester polymer is made without addition of cobalt to the melt phase

polymerization process.

68. The composition of claim 49, wherein
the polyester polymer is made without addition after esterification of the catalytically
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atons are added to the polyester nmelt within 10 m nutes or |ess of
solidifying the polyester nelt. 89. The process of claim78, wherein
the nmelt phase polynerization process is continuous and has a

t hroughput of at least 1 ton/day in a steady state operation. 90.
The process of claim89, wherein the throughput is at |east 300
tons/day. 91. The process of claim 78, wherein a reaction tinme of the
pol yester nelt froman It.V. of 0.40 dL/g through and up to an It. V.
ranging fromat least 0.68 dL/g to 0.94 dL/g is 150 m nutes or |ess.
92. The process of claim9l, wherein the reaction time is 90 mnutes
or less. 93.. The process of claim 78, wherein prlor to adding the
phosphor ugctiveditgniurhatoms. ar, catalytieally seliye atasns asabalipantimeny.dirf i cat i on

ranges f rg%nﬁ@n gﬁé&llvfe ga&?yzﬁ"cﬁ?maﬂﬁfactu?@@f tﬂégﬁ%&eﬂml‘}h@k A th8.

wherein vacuum1s app I nal reactor ressSure ranging
from 0.5 poydst® melt ph@mbdymanzatlenpé;'t@’ﬁﬁlﬁed rpreASeghe ﬂtéhbxﬂ@tdlele 07 gBLe

Cormr 1 c2EC SRS ST o g8 R er PRS2 BE 0 04 L
nol e% of af!:m1 hc_eﬂ;ladawcpénd @Bephtgal i ¢ acid, derivatives of
comertiag. ot Feast 5o bofdh cHHESSED Gl SaBg o' commeren,
based on th@@oivebier pelyamnis mbde a:ritbmtyddditioadf dny oatplyatmetal egnpoey cther
T L L e
l't.V. of @akallneasikthOnetdl cﬁﬂgp@lkmalco&qbnslhgcbhrgalkallrrma:rtmhambatoms or alkali
metal compounds comprising the alkali metal atoms to the melt phase polymerization
process. '
70.  The composition of claim 49 wherein
said catalyst deactivator residue comprises the residues of an acidic phosphorus
compound or their ester derivatives or mixtures thereof.
71.  The composition of claim 70, wherein
said acidic phosphorus compound comprises phosphoric acid, pyrophosphoric acid,
phosphorous acid, polyphosphoric acid, carboxyphosphonic acids, phosphonic acid
derivatives, or each of their salts, esters, derivatives or mixtures thereof,
72.  The composition of claim 71, wherein
the acidic phosphorus compound contains phosphorus atoms, and wherein the molar
ratio of the phosphorus atoms to the total of the aluminum atoms, the alkaline earth
metal atoms and the alkali metal atoms ranges from 0.05 to 3.0.
73. The composition of claim 72, wherein
the molar ratio of the phosphorus atoms to the total of the aluminum atoms, the alkaline
earth metal atoms, and the aikali metal atoms ranges from 0.5 to 2.
‘ 74. The composition of claim 49, wherein
the composition has an acetaldehyde generation rate of 15 or less, an L* of at least 60,
and the polyester polymer has the It.V. of at least 0.76 dL/g obtained through the meit

phase polymerization process.
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pol ymeri zati on process and a residual acetal dehyde | evel of 5 ppm or
| ess, wherein said particles have a degree of crystallinity of at

| east 30% contain alumnumatons in an anount of at |east 10 ppm-
based on the wei ght of the polyester polyner, and contain |ess than
5 ppmof catalytically active titanium atons based on the wei ght of
the polyester polyner, wherein said polyester polyner conprises: (a)
a carboxylic acid conponent conprising at |east 80 nole%of the

resi dues of terephthalic acid, derivatives of terephthalic acid, or
m xtures thereof and (b) a hydroxyl conponent conprising at |east 80
nol e% of the residues of ethylene glycol, based on 100 nol e percent

of car boxyl ic acid corrpo'aentArtfg,mecb@@;mmﬂ)té;@éﬁ froinethe pempesitiorndf
hydr oxy!l onent resjdues in the polyester polyner, and wherein

said al u?r'i’ YoRE 8t dRESASIrUgNG{fes of an al umi num conpound repr esent ed
by the formula: A[OR] ab@?]bh%ulb%ﬁﬁor}ﬁiomsrnem WherBin th&botg e

i ndependent |y an al kyl group acyl group or hydrogen,

R'' is anP®franias @FQin'al aﬁ?'FHa'thYSje @”tﬂtéféppﬁk@d%%ently 0 or
positive integers, and 7a+b+¢nepnk ﬁlerb?efgf]rﬁ%?a'énnﬁ Iygn 3. 97. The

particles of claim96, contai ne In‘a s Ing container. 98. The
parti cl eswBerein t&ﬁr’fﬁ@élla'@@ﬁtaéﬁeﬁvﬁ@C%“tﬁ'@triﬁér%’”hﬁblﬁﬁﬁ of alkaline earth

metal atons or al kali nggal gt(%ﬁﬁnucﬁ@quac&grfg,ethg anmount  of
phosphorus atons. 154 99. The particles of claim98, wherein the

pol yest er MppUipsere AkE PalvesteepalymenpamPgaine edding Phesrhords 210Bedohan 15
ppm 100%0@_&%%5& Fﬁrlntﬁﬁlrﬁf ar?%lil%hfﬁh%gatg?g(‘f%%Ehlﬁw@%aﬂﬁ%@tbldeﬁaﬁg%r alkall

generatio ate is less t articles of claim?9
wher ei n  Metal ptons, end<) lessdhams medjf catalytlgalgf(a@ge titanium atoms based on the

weight of the polyester polymer, 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 atoms within a final reactor for making the
polyester polymer or after the final reactor and before a cutter for cutting
the polyester melt; or
d) if the polyester melt is present in a melt phase polymerization process,
following at least 85% of the time for polycondensing the polyester melt; or
e) the IL.V. of the polyester melt is within +/- 0.15 dL/g of the It.V. obtained
upon solidification; or
f) at.a point within 20 minutes or less of solidifying the polyester melt;
wherein the polyester polymer has an It.V. of at least 0.72 dL/g obtained through the
- melt phase polymerization process, wherein said polyester polymer comprises
repeating units of ethylene terephthalate or ethylene naphthalate and wherein said

aluminum atoms are residues of an aluminum compound represented by the formula:
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102. The particles of claim 101, wherein the L* is at |least 73. 103.
The particles of claim96, wherein the particles |ack organic
acet al dehyde scavengers. 104. The particles of claim96, wherein the
particles are not solid state polynerized. 105. The particles of
claim96, wherein the particles are fed to an injection nolding
machi ne for converting the particles into articles. 106. The
particles of claim 105, wherein the particles. are nolded into bottle
prefornms. 107. The particles of claim 106, wherein the particles are
nol ded into the bottle preforns at a tenperature ranging from280C to
290C with a nmelt residence tine of 2 mnutes or |ess, and wherein the

bottle preforns have an L* of BHOR],[ORHLORYJR! AN article obtained
by feeding pellets to a nelt processing zone, nelting the pellets to

forma polyester nelt, and forming the article fromthe pol yester

nelt, whewbrisRi R W'dr@ﬁrﬁiebéﬁ&rﬂi? ahtalky gl‘&lpaérlyi @6@5 é?}y@rogblo%y@rﬂgen
have not bheen sofljd state pol yneri zed, "said onpr.i sing
pol yest er de? 9ﬁérﬂonm°u&a)an&'|mrh ﬁtﬁﬁf"@t'ﬂﬁ%"e”éﬁﬂt%@ oapck%uw@tesam ﬂnd

net al at ogsp-+das kelgredtBi @bnat ons;  c) phosphorus atoms; and d) |ess
than 5 ppm of catal yti c%l |y active titanium atons based on the wei ght

of the pol yester pol yner?- 153heipepcsish osalpim a8 twhereindhe an
acet al deh}é&?eét@ﬁ’r%blt%fprb@érﬁ i ﬂ%nmél%pﬁ Opdl‘ﬁﬁ‘ér?iaﬂoﬁ%Pd?:es?ﬂidﬁé?r%ﬁuﬁactur

pol ymer copprises (a) a carboxylic acid conponent conprising at
80 ol e% 6‘?58[4 Ralyestei pRI¥YEHf terephthalic acid, derivatives of

terephthalic acid, or gpxt ufRs oldeBs€£6f clARF78, wherein the
polyester melt is present in a melt processing zone for manufacture of an article.
81.  The process of claim 80, wherein said melt
processing zone comF'Jrises an extruder barrel.
82.  The process of claim 81, wherein said
melt processing zoné comprises the extruder barrel of an injection molding machine.
83.  The process of claim 78, 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.
84.  The process of ¢claim 78, wherein the
phosphorus atoms are added to the polyester melt after bringing the pressure in the
final reactor to a level of 600 mm Hg or greater and before the polyester melt is
solidified.
85. The process of claim 78, wherein the
phosphorus atoms are added at a location near or at the end of the final reactor or after
the final reactor and before the cutter for cutting the polyester melt into particles.

86.  The process of claim 78, wherein the
phosphorus atoms are added to the polyester melt following at least 95% of the time for
polycondensing the polyester melt,
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(b) a hydroxyl conponent conprising at |east 80 nol e% of the

resi dues of ethylene glycol, based on 100 nol e percent of carboxylic
aci d conponent residues and 100 nole percent of hydroxyl conponent
residues in the polyester polynmer, and wherein said alum num atons
are residues of an al um num conpound represented by the formula: Al
[OR)a [OR ]b[OR"]c[Rpl]d wherein RL, R, R' are independently an al kyl
group, aryl group, acyl group or hydrogen, R'' is an anionic group,
and a, b, ¢, d are independently O or positive integers, and a+b+c+d
is no greater than 3. 109. The article of claim 108, wherein said
article is a bottle preform 110. The article of claim109, wherein

the bottle preform is made Vméfpﬂjﬁesgbec@ﬁ]dVSImrghtﬁéganl C
acet al dehyde scavengers. 111. The article of claim 109, wherein the

pel | et's hAVESRRTYS algmSgire 5P ke Gobisster mplt whep. the e/ g e plyasfer melt is

cl ai m108Mmhwoewaug%fwb@;yéﬁeyﬁﬁyméﬁw upéh doliBRiBERn. | ess. 113. The
article of claim wherein the " pellets contain the Rhosphorus

atons in an anount of a8 eadNeMPGHESAOT dlaim /Friwherpin the #NesPROre m 108,

wher ei n t Beyndd AdeGdR1eBas tipolSstémat wiisiasb r&ﬂut&%@le]s%%f sa_fhﬁgﬁbtth&' e
of claim 108, wherein the acetal dehyde Ilevel is 4 ppmor

The corrpoﬁ’P‘tyPﬁfﬁr ®eltcl aim 7, wherein said lithiumatonms are residues

of a Iithium conpound cegpri %Q@rédefsbbuavaﬁemameremm%drate or
l'i t hi um hydroxide. 117. The conposition of claim1 erein the

al um num SEHFBEAE PelMerizalen progessiaeraiatoas @nd has a throughput of at least 1
ton/day in a steady state operation.

90. The process of claim 89, wherein the throughput is
at least 300 tons/day. '
91.  The process of claim 78, wherein a
reaction time of the polyester meli from an It.V. of 0.40 dL/g through and up to an It.V.
ranging from at least 0.68 dL/g to 0.94 dL/g is 150 minutes or less. |
92.  The process of claim 91, wherein the reaction time
is 90 minutes or less.
93.. The process of claim 78, wherein
prior to adding the phosphorus atorns, the It.V. of the polyester melt upon solidification
ranges from 0.82 dL/g to 0.92 dL/g.
94.. The process of claim 78, wherein
vacuum is applied in the final reactor at a pressure ranging from 0.5 to 1.0 torr and at a
temperature ranging from 270°C to 285°C.
95,  The process of claim 78, wherein the
polyester polymer comprises:
(a) a carboxylic acid component comprising at least 80 mole% of the
residues of terephthalic acid, derivatives of terephthalic acid, or mixtures
thereof and
{b) a hydroxyl component comprising at least 80 mole% of the residues of

ethylene glycol,
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118. The conposition of claim 12, wherein the nolar ratio of said
l'ithiumatonms to said alumnumatons is 0.1 to 75. 119. The
conposition of claim 118, wherein the nolar ratio of said [ithium
atons to said alumnumatons is 0.5 to 5. 120. The conposition of
claim45, wherein the alkali nmetal atons conprise lithiumatonms and
the nolar ratio of the lithiumatons to the alum num atons ranges
from0.1 to 10, and the nolar ratio of the phosphorus atons to the .
total noles of the alum numatons and the lithiumatons ranges from
0.1 to 3. 121. The conposition of claim 120, wherein the nolar ratio
of the lithiumatons to the alum num atons ranges fromO0.5 to 5, and
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polyester polymer, wherein said polyester polymer comprises:

(a) a carboxylic acid component comprising at least 80 mole% of
the residues of terephthalic acid, derivatives of terephthalic acid, or
mixtures thereof 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, and wherein said
aluminum atoms are residues of an aluminum compound
represented by the formula:

AI[ORJL[ORT6[OR"L[R™ 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
at+b+c+d is no greater than 3.

97.  The particles of claim 96, contained in a shipping
container.

98. The particles of claim 96, containing a nonzero
amount of alkaline earth metal atoms or alkali metal atoms, and a nonzero amount of

phosphorus atoms.
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899. The particles of claim 98, wherein
the polyester polymer has an acetaldehyde generation rate of less than 15 ppm.
100. The particles of claim 99, wherein
the acetaldehyde generation rate is less than 10 ppm.
101. The partictes of claim 98, wherein
the particles have an L* of at Ieast 60. '
102. The particles of ctaim 101, wherein
the L* is at least 73.
103. The particles of claim 96, wherein the particles
lack organic acetaldehyde scavengers. |
104. The particles of claim 96, wherein the particles
are not solid state potymerized.
105. The particles of claim 96, wherein the particles
are fed to an injection molding machine for converting the particles into articles.
106. The particles of claim 105, wherein the particles
are molded into bottle preforms.
107. The particles of claim 106, wherein the
particles are molded into the bottle preforms at a temperature ranging from 280°C to
290°C with a meit residence time of 2 minutes or less, and wherein the bottle preforms
have an L* of 65 or more.
108. An article obtained by feeding pellets to
a melt processing zone, melting the peliets to form a polyester melt, and forming the
article from the polyester melt, wherein said pellets have an It.V. of at least 0.72 dL/g
and have not been solid state polymerized, said pellets comprising a polyester potymer
and:
a) aluminum atoms; and
b) alkaline earth metal atoms or alkali metal atoms;
C) phosphorus atoms; and
d) less than 5 ppm of catalytically active titanium atoms based on the weight

of the polyester polymer,

155



wherein said article has an acetaldehyde level of less than 11 ppm, wherein said
polyester polymer comprises
(a) a carboxylic acid companent comprising at least 80 mole% of
the residues of terephthalic acid, derivatives of terephthalic acid, or
mixtures thereof 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, and wherein said
aluminum atoms are residues of an aluminum compound

represented by the formula:
Al[ORJL[OR]6{OR"}c[R"]q

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

at+b+c+d is no greater than 3.

109. The article of claim 108, wherein said article is a
bottle preform.

110. The article of claim 109, wherein the bottle preform
is made without the addition of organic acetaldehyde scavengers.

111. The article of claim 109, wherein the
pellets have an [t.V. of at least 0.76 dL/g.

112. The article of claim 108, wherein the acetaldehyde
level is 7 ppm or less.

113. The article of claim 108, wherein the
peliets contain the phosphorus atoms in an amount of at least 20 ppm.

114. The article of claim 108, wherein the article has an
L* of at least 70.
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115. The article of claim 108, wherein the acetaldehyde
leve! is 4 ppm or less.

116. The composition of claim 7, wherein
said lithium atoms are residues of a lithium compound comprising lithium acetate
dihydrate or lithium hydroxide.
117.  The composition of claim 1, wherein
the aluminum compound comprises aluminum acetate.
118. The compaosition of claim 12, wherein
the molar ratio of said lithium atoms to said aluminum atoms is 0.1 to 75.
119. The composition of claim 118,
wherein the molar ratio of said lithium atoms to said aluminum atoms is 0.5 to 5.
120.  The composition of claim 45, wherein
the alkali metal atoms comprise lithium atoms and the molar ratio of the lithium atoms to
the aluminum atoms ranges from 0.1 to 10, and the molar ratio of the phosphorus atoms
to the total mdles of the aluminum atoms and the lithium atoms ranges from 0.1 to 3.
121. The compasition of claim 120,
wherein the molar ratio of the lithium atoms to the aluminum atoms ranges from 0.5 to 7
5, and the molar ratio of the phosphorus atoms to the total moles of the aluminum
atoms and the lithium atoms ranges from 0.3 to 2.
122. The composition of claim 65, wherein )
the alkali metal atoms are lithium atoms and the molar ratio of the lithium atoms to the
aluminum atoms ranges from 0.1 to 10.
123. The composition of claim 122,
wherein the molar ratio of the lithium atoms to the aluminum atoms ranges from 1 to 5.
124. The composition of claim 72, wherein
the alkali metal atoms comprise lithium atoms and the molar ratio of the phosphorus
atoms to the total of the aluminum atoms and the lithium atoms ranges from 0.05 to 3.
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125. The composition of claim 124,
wherein the molar ratio of the phosphorus atoms to the total of the aluminum atoms and

the lithium atoms ranges from 0.5 to 2.
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