H GH MOLECULAR WEI GHT POLYESTER POLYMERS W TH REDUCED
ACETALDEHYDE 1. Field of the Invention The present
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pol yester polyners pol ycondensed in the nelt phase
using titaniumcatal yst, having | ow free acetal dehyde
("AA"), and exhibiting | ow acetal dehyde generati on
rates. 2 . Background Art Pol yet hyl ene terephthal ate
("PET") is used extensively in packagi ng applications,
in particul ar as beverage containers. In these

appl i cat HiaE,MOLEGU @HE RALYERSTERPALYMERS WITH

relatively high nole i expr essed
as i nherent viscosi tfﬂ%ﬁ“@’f}b%&%}l’ﬂﬁﬁ)ﬁ@k@h Vi scosity
("It.V."), and | ow anpbunts of acetal dehyde (AA).

Acet al dehyde has a noticeable taste and can be

det eﬂ.t_e_d_%;&@ﬂ&ﬂlil'ié@ﬁégﬂuds at low | evel s. Wen
prefornms are blown into bottles, unacceptably high AA
| evel s adversely inpact the taste of the beverage

cont ai nedThe pasehtinvéntion péttainsdo\higtt intriasic PEstosity polyester
producti on pr?cess begi ns wWwth esterification o

: f .
pr edBRVYMETE IRPIXCANIERBRA IR PJ“%E\%!F et${09 difrniym casplyst, having
or e Ly Wit i
Cer onhf eF HeaHen e ot RROBk Mithig 1B Yestaldehyde generation
needrates. be catal yzed. Typi cal ester exchange
catal ysts, which may be used separately or in
conbi nation, include titanium al koxides, tin (I1) or

('V)2.93teB§ck§|id?ﬁ1d ARNnganese or nagnesi um acetates or
benzoates and/ or ot her such catal yst materials that
are well known tothose skilled in the art. The

resul ting p@ly&#ﬁgniﬁe}e%%ﬂmaﬁgg Fﬂﬁ'd) i5%Used extensively in

packaging applications, in particular as beverage containers. In these
applications, it is important that the PET have a relatively high molecular
weight, generally expressed as inherent viscosity (“Ih.V.”) or intrinsic
viscosity ("It.V."), and low amounts of acetaldehyde (AA). Acetaldehyde
has a noticeable taste and can be detected by human taste buds at low
levels. When preforms are blown into bottles, unacceptably high AA
levels adversely impact the taste of the beverage contained in said
bottles.

The conventional PET production process begins with esterification
of predominantly terephthalic acid and ethylene glycol, or ester exchange
of predominantly dimethyl terephthalate and ethylene glycol. The
esterification need not be catalyzed. Typical ester exchange catalysts,
which may be used separately or in combination, include titanium
alkoxides, tin (Il) or (IV) esters, zinc, manganese or magnesium acetates

or benzoates and/or other such catalyst materials that are well known to



pol ycondensation in the nelt at el evated tenperature,
for exanple 285C, in the presence of a suitable
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been used as polycondensatlon catalysts Fol | owi ng
mel t phase pol ycondensati on, which generally achieves
an i nherent viscosity in the range of 0.5 to 0.65, the
pol yester is extruded, cooled, and cut into granules,

whi CihceEeKillRRTNIHE Rt Pk Pé’sumﬁ% priktate isziendubiscied 36
wherein at | east the exterior of the granul es becones

cr yspelyrondensatios iathe melt aheleyated teairaraturg, fop example 285°C,
prevﬂ%{eyr&é +é‘8f§%ﬂut$90n£{%§:§{ '@ﬁ‘d FouRdS IS Y (Ge, Ti, or

sol eri za sta at| on and

anneafhens hbaé beeham@dl as pol&bundbmlohecbtalysts.
tenperatures of, for exanple 160-220 0C, for several
hours, as discussed by WO 02/18472 A2, and U. S.

Patents j:ohg m%%’elt pﬁ:‘as%gﬁol Sbndehshatidf; Wﬁbh gé‘rqerally achieves

5,410, 98 ol 1I'd state po rization or
st at angﬁheren’pws(:mltmd the range eh 8 the. 6|5nthe psiyester is extruded,
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rization operations. Solid stathng has the
adv aﬁhsgzrysﬂaﬂmntyed; necessary o gprevertsintating iabdagdglomeration in a

b hi h the.fyrth t t hat
Fr cos skt RGeSl Pamimereleh anSIPA & gl Bbpeating take
subsprekiinld fuidized fuéd@trtewﬁier@tfuréé @e foFekampR1YS8E-220°C, for
volatilization. Solid statin he consi der abl e
di sa@@‘éﬁfﬁh@@@soﬁs msﬁus@a@m&@ag@ 8@ Adrapd U.S. Patents
F I
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shel | -to-core nol ecul ar wei ght gradi ents, which

results in a loss in inherent viscosity dur %the .
nol di ng oPold state polymgezatipnsof $ofig sfating’ is performed to increase

the intrinsic viscosity of the polymer in the solid state. Volatiles such as
acetaldehyde are removed in vacuo or by a flow of inert gas (e.g.,

nitrogen) in solid state polymerization operations.

Solid stating has the advantage that relatively high inherent
viscosities can be achieved. It has the further advantage that free
acetaldehyde content of the polymer is lowered substantially by the
removal of free acetaldehyde by volatilization. Solid stating has the
considerable disadvantages of high energy usage and long manufacturing
time. Finally, solid state polymerization causes the pellets to develop
shell-to-core molecular weight gradients, which results in a loss in
inherent viscosity during the molding of articles; the loss in Ih.V. is

theorized to be due to re-equilibration in the melt.



theorized to be due to re-equilibration in the nelt.JP
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m xture of bis-(b2- hydroxyethyl)terephthal ate and at

| east one other bifunctional conpound is pol ycondensed

in the presence of a titanium conpound catalyst to
produce a polyester with a high degree of

pol ymer i zapia®79806tdiedioséd hensthodTer pfoduting polyesiengvherein
structurgl units of the polyester are ethylene

ter e'pi(ljt((fjfa’rftb((i,r ﬁﬁMﬁt"lﬁxl)tQ@PW%ﬁerp%a ﬁﬂ@@%fﬁ)pﬁbi%%ound
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pol yeempoual catalysthit piocdudeoagsolyésiseswith a high degree of

tenperatures above the nelti ng pol nt of the polyester.
W t hpalyimerizatiop sodinat @t dedst 5% qlithe repeating stiucdaral units
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o5 g S R RS oleste once e

Fur t FS[YEHn%er%%tFo‘herééctMn has HREFEEohiplERERTES NMDr €
difficdlt to renove the free AA from the higher

viscosity nmelt. Ml ecular weight build-up in the nelt

Feasonabl WP ReRs RIS tp Gimiale sgfd sEdline: 6t do g would
or | RSfuirdWibfe BRieRlded Rk \phRRe HocotiénSafith that &, nger times

l ess), followed by further advancing the nol ecul ar
vei gat tepfperaturpsapowe the melting ploint of the polypstere With all other

| f t he § ti
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pol yester particles in subsequent nelt
phase manufacture increase dramatically as the It.V. (or molecular

weight) of the polymer increases. Furthermore, as the It.V. increases it
becomes more difficult to remove the free AA from the higher viscosity
melt. Molecular weight build-up in the melt has until recently typically
been limited to a reasonably low number (e.g., 1t.V. of about 0.65 dL/g or
less, more usually between 0.55 and 0.60 dL/g or less), followed by
further advancing the molecular weight of the polymer in the solid state.

There are several causes for the formation of free AA and AA
precursors; the AA precursors which contribute to additional AA
generated upon melting the solid polyester particles in subsequent melt
processing such as during injection molding of bottle preforms. One
contributor to the formation of free AA and AA precursors during melt

phase polymerization is the thermal degradation of the polyester polymers



processi ng such as during injection nolding of bottle
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WwOo06k/fA6sspr ecur sors during nelt phase pol ynmeri patridoisdos163

10

15

20

25

30

the thermal degradation of the pol yester polynersin
the nmelt phase which becones nore preval ent as the
It.V. of the polyner is increased at high
tenperatures. Wien solid-state polynerization is not
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precursors, conventional processes have the added
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Another contributor is inadequately stabilized and/or deactivated
polycondensation catalyst used in the melt phase which can, during the
melting of solid polyester particles in a melt processing zone, continue to
catalyze the conversion of AA precursors, which are present in the
polymer due to thermal degradation, to form free AA during subsequent
melt processing to form the article. Adequately stabilizing and/or
deactivating the polycondensation catalyst, therefore, reduces the amount
of free AA generated during melt processing to form the article (reduces
the AA generation rate), even though AA precursors may be present in
the melt. While catalyst stabilization and/or deactivation does reduce the
free AA generated in melt processing steps, some free AA is nevertheless
generated. It is theorized that there may be an uncatalyzed route for

conversion of precursors to free AA or that a lower level of catalytic



deactivating the pol ycondensation catal yst, therefore,
reduces the anount of free AA generated during nelt
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generation rate), even though AA precursors nmay be
present in the nelt. Wile catalyst stabilization
and/ or deactivation does reduce the free AA generated
in nmelt processing steps, sone free AA is neverthel ess

genesetivity-may rémaimeocomat sbak dfiike AATpredues@rspecies to free
uncatal yzed route for conversion of precursors to free

AA of\Ardfdhabacigaatalysisett Ak PERRUIPYTS; toEaq A 9equsy or that some
rema anvar. : I
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f r eeinféntion ig sotobourithby $teary c ddmieoater, dhe ease towhioh eatalyst
of the previous 3 options occyrs; hgowever, th .
| nveREtER 48 hRdeREiAIen SifleRs iojn MBRLI/BRIal; hor sxemple, T
Lo VRt 'd/a%lggﬁl@ér?‘bé%a@ﬁv&%ﬁﬁkitﬁ’PhSQpH’drﬁE%‘?npounds,
fromnetal to nmetal. For exanple, Ti netal based

cat afoysexampie, prospiwde icoatpadingist h phosphor us

conmpounds, for exanple, phosphate conpounds The

probl em of controlling the presence of free AA and AA

recur sor f i : 5
B Scusead '3 EAER of BoftSIAE the BREERCBRUT AR I AR
N]E). fﬁ:éifn@scﬁ%br&ducé'mirstheahehtpl'msepna:asfachae wafegimnesmd in EP
o] re nd AA precur can i i
Che 1 o 1o AR pAuPARNTES Bl PRBENtMD 6 5b0 371 W2 AR Pdtent
pol y j 0%+ j I imi
s A IRRE It ABuREO b AACBnd A BiSicEsdhs i be limited by
t he kespidgnbe reactiorotemparapuredusing thetendirenplolycondensation step

manuf act ug e, and by. usin n_excess,of AA scayenger
ddenepi ety RinH 2L /e it 67 noryy B5fiVS EMARN catalyst to
genefiRititR8 résiaBhoé iRl stiheqislyPe thigRomel-gHasebhufacture,
phase manufacture, this patent teaches deactivating

t he aaddyusingantexgeph of Hfoscavangesaddediinthe malbphpss
aft ehatnr&?acﬁnpe.ofo control AA generation from AA precursors produced in

the melt phase manufacture, this patent teaches deactivating the catalyst
with a phosphorus compound late toward or after the end of
polycondensation so as to allow the catalyst to promote the molecular
weight build-up to a intrinsic viscosity (It.V.) of 0.63 dL/g and higher.
Finally, the amount of the AA scavenger or binder added must be in
excess so as to bind not only the residual or free AA produced in the melt
phase manufacture, but to also bind whatever free AA is generated in

subsequent melt processing steps.

One problem with the approach of using an acetaldehyde
scavenger is that they are expensive regardiess of when they are added.
Another problem of adding acetaldehyde scavengers to the melt phase
manufacture is that a portion of the scavenger is consumed by the free



pol ycondensation so as to allow the catalyst to
pronote the nol ecul ar weight build-up to a intrinsic
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t he amount of the AA scavenger or binder added nust be
in excess so as to bind not only the-residual or free
AA produced in the nelt phase manufacture, but to al so
bi nd whatever free AA is generated in subsequent nelt

pr ocgssthiehytie pFeséManIhe Pheltphasd nidruifagtnre anéredly requiring
usi ng an acet al dehyde scaven is that they are
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i ncr palgamld p Tbe cpmesesnczmdf $dme(wgtaideledqs¢amgeme may also

to th | b .n
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presence of sone acetal dehyde scavengers may al so | ead
t 0o ascavengenseay beimpairedbyomndsrgeingdwosheatitistones mehere the
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undenighi vigulng H??l@‘terhpéfémre?%rfd’tﬁgﬁ vidtosity lcpaditiehsi(as in the
nol t en, especi al when one of the heat histories is

undemet @aaeaawmndﬁ@atrpa)rw@ea@ thethesmal stagity of some types of
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increases. It would be desirable, therefore, to produce solid high IV
polyester polymer particles which do not contain acetaldehyde
scavengers added in the melt phase yet have both a low AA generation
rate and low residual acetaldehyde levels when fed to a subsequent melt

processing zone.

U.S. patent 5,898,058 discloses using any one of a large number
of conventional polycondensation catalysts (with combinations of Sb
catalysts and one of Co, Zn, Mg, Mn or Ca based catalysts exemplified
and/or claimed) in which the catalysts are deactivated late. This patent
notes that the traditional antimony polycondensation catalyst will begin to
catalyze or encourage the degradation of the polymer, leading to the
formation of acetaldehyde and yellowing of the polymer. Once the

polycondensation reaction essentially reaches completion, further reaction



t he scavenger may increase as the nunber of nelt heat
histories increases. It would be desirable, therefore,
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whi ch do not contain acetal dehyde scavengers added in
the nmelt phase yet have both a | ow AA generation rate
and | ow resi dual acetal dehyde | evels when fed to a

subsequent nelt processing zone. U S. patent 5,898,058

di schnows thes catalysi o degrade the polgmen larﬂiblefbrmfacetmdehyde and a
conventional polycondensation catalysts (wth

conbyalaw @H§ ofhespateat épsﬂq@séhe raaRuigeturs of Belyester igcursors
or. ? e ' ?g%y 56.64% ag?edgrqjégrdﬂérg&{rf;@mv{abr?ncreased

whi ¢ Sts are eaC|v

not eto Ahat.V1 deeO B aili/g ibyrsulidsstatenpolymeoizgtiomd é’heqiatemt notes
e.or encou

cat al yst begin tq cat al
degr Héétﬁoﬁdﬂ stat etF?FéY’BST'%%?” tefv iues 38 %%églfter'ﬂ%&e?éﬁ the it.V.
of aSPfrﬁensg%%r?@ﬂwéé%! ﬂ\.gmamvefsthe pol ymer. Once the

pol ycon tion reaction essentially reaches
conpletion, further reactionallows the catalyst to

d d | f | deh d N .
e, “The. phsoRAlET 5.8 218 RS veE Bl PEriT e Sepdianium
pf eCééfaws&s ?élloWéd by \éddﬂfona&QthQn)ﬁ‘bh%ShgtéZV\ﬁtWoﬂt tH

was i ncreased to an

dL/ gtflﬂhanvl phosmhaate palgkhmhezamﬁ \amoaturddtﬁailﬁmctlmyleaew product

Lol wEsoltateR SRR YIBEEA BrcRfing B s WS R o dils wpre

| evebbtaihed-butsrnat & |&56nﬂér§ntjm%@b§ﬁﬁ$htw§ fedfirifg 8Blid stating

surface area titani um catal s foll owed by addition
of t Pf HieseyRrogHstspMizh #s dwaci@@untag%e tri phenyl
phosphate, a high inherent viscosity but distinctly

yel | ow product was obtained. Wth triphenyl phosphate,
| ess col oltedoplddsiidésiratsie ¢o betahle ¢ol pradticeoPEY arid athieow

! nhelr:’glr;ltes%/érg (\:/ﬁtshl ;X mﬁet}gﬁt \rngcgel;ltryl Qu%ast’)?é %‘odr ;?r%gbctlogn of food and
beverage containers without the necessity for solid stating, and with a
lower content of acetaldehyde in the absence of organic AA scavengers,
and/or with reduced levels of acetaldehyde generated during subsequent
melt processing in the absence of organic AA scavengers. It would
further be desirable to produce PET in shorter reaction time, due to a
more active catalyst than antimony, while maintaining or improving upon
the AA properties of the product, with or without solid state

polymerization.

3. Summary Of The invention

There is now provided a simple robust process for making a high IV
polyester polymer in the melt phase without the addition of AA scavengers



of these products with its disadvantages. It woul d be
desirable to be able to produce PET and ot her
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production of food and beverage containers w thout the
necessity for solid stating, and with a | ower content
of acetal dehyde in the absence of organic AA
scavengers, and/or with reduced | evels of acetal dehyde

genefrthetmelt phase wilegroedinge particfeossitsble gs ianfeelddo a
absence of organic AA scavengers. |t would further be
deS| sihgeguest m%mreéewwg Zane fﬁ%rrmékmeéaetqm haviRg aQue

nal n?éﬁgr??aﬂgtéc\éi‘t’alaéﬁo@dé/ Rvef f&?ﬂw%gbgk&g)ﬂn aify plﬂ‘éferaPIy containing

roperties o
pr oda@deptablehemduw ad:eialdehyde dbrsthetapppodlt;dre mlsmprcmded is a

O The d
<1 npmEthas et the PrREdon SRt PRlyeslet rgR &R Bdsidg adding a
pol ygzgh é/sﬂdésa Jé‘i’érttopé”gﬁgn\’értrﬁéwha\hhg ardfivt oPat féfast%\69 dL/g,

scavengersto t e pr ding a particl
sui t pieferahty a phesplhmrusa:osntmamgmmnpomd apd@wsequgntly

for ' f
g e S B
cont ghithib ASESHtaR £ddeRFbidanic a@eeélabﬁm deajetgdre
application. Al so provided is a method for the

pr odAtieinatively, te lnuerptuq/re@vwepapvmrgn@bhpraobdtﬁgd and the

)5 Bl ) o BB e e

phosgdiRr ;kalyééJt@tr R reinfigiteioterformda d@@tﬂedi udrtielelery.! ain injection
sol i di f%@ng the nelt into solid polyester polyner
@

par t Mol ttiggreteamen exrugdedshest) do not contain

added organi c acetal dehyde scavengers. Alternatively,
the inventive polyester polynmer nay be solidified and
t he cat al Betadsatitaniaiishigtly aetivelitdeatatyringn PEXT compositions

SUnggrlfI\SgtredS %oegnélgg\gﬂé %Etlh'n)ny catalyzed PET compositions, lower
polycondensation temperatures and/or shorter residence times are
required to achieve the same It.V. As a result of the milder polymerization
conditions and catalyst deactivation, the titanium catalyzed PET
compositions of the present invention are produced with 80 percent lower
free AA and a 52 percent lower AA generation rate compared with

antimony-catalyzed PET.

The invention further comprises a process of stripping free AA
wherein the titanium catalyzed polyester polymer particles exhibiting
reduced levels of free AA are introduced into a vessel at a temperature
within a range of 130°C. to 195°C. to form a bed of particles within the
vessel, flowing a gas through at least a portion of the particle bed, and
withdrawing finished particles from the vessel having a further reduced
amount of free AA. This process of AA stripping is directed to removing



solid polyester is renelted to forma desired article
(e.g., an injection nolded bottle preformor extruded
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anti nony catal yzed PET conpositions, |ower

pol ycondensati on tenperatures and/ or shorter residence
times are required to achieve the sanme It.V. As a
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AA generation rate conpare ant i nony-catal yze
PET. céﬂa@zerptdyrmmrfsatrbhéollmmaﬂmydm additiarc o3 cafalyst

t f th
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a beﬂnrshepum @l rate \thergby minimiziag $ie convamsion of theahA
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a further reduced amount of free AA This process of
AA stripping is directed to renovingthe free AA a

does not dheexis #igo pradded armsethegtfor tgdprogugtion of solld polyester
gene ent nelt processing into
fini éﬁ&b?egﬁdqﬁéggcémgg‘ér nj ecti og nol ded got tle

perforns or extruded filns. However, the use of

titaniumto catal yze pol ycondensati on foll owed by | ate
additi on & paW&%%WBQ aeraektwapbresgﬂraoa@er ‘FﬁE"TfPOS't'O” in the

conposi ti on Pg‘%gggka%,tdf ? de’ﬂgaﬁ ’%5{2% Eﬁ[pr?a%ﬁrgn  comprising

gener ati on han ‘ant | nony

a simlar f'tiraimilrarspbcms or rate thereby i ni m zi ng

t he conversi the AA precursors to f

t he subsebﬁ@aa'"ﬂé patﬁlly(% gggetﬁlftor compouné ? the moHen pglyester

polymer composition, preferably a phosphorus containing
compound; and
c) after reaching an It.V. of 0.69 dL/g or more, solidifying the molten
polyester polymer composition into solid polyester polymer
particles which do not contain added organic acetaldehyde
scavengers; and
d) reducing the amount of residual acetaldehyde in the solid
particles to a level of 10 ppm or less in the solid state without
increasing the 1t.V. of the particles by more than 0.03 dL/g;
wherein the catalyst deactivator compound is added to the molten polyester
polymer composition in step b) at one or more of the following points:
(i) within a final reactor for polycondensing the molten polyester

polymeror between said final reactor and before a cutter for



There is al so provided a nethod for the production of
solid pol yester polyner particles conprising: a)

woPRbyzessensing a nol ten polyester polyner comppqfis2ideostss

in the presence of a polycondensation catal yst

conposition conprising titanium species; b) adding a

catal yst deactivator conpound to the nolten pol yester

pol ymer conposition, preferably a phosphorus

cont ai ni ng eaqttinguhe maltsh polyasted polyphenEdraipasitibh into s¥id solid
0.69 dUg or nore, solidifying the nolten pol yester

pol yner conp8dicle%s®ri nto solid pol yester pol ymer

parti cl es whi ' ' o

acet al dehyggﬁégtah\%gﬁggog?@ah@"%f re uélgﬁgglp h‘geré:r?om%?s'%?n has
resi dual acersen tehybast 0.5 de/gsobid particles to a

| evel of 10 ppmor |ess | solid state without

0 n the . .
i ncr easi ngilk N@CPFWPQerdttﬁéhﬁzﬂ"?lﬁ%’P BRlysyternolymenmelt, if any, is
0.03 dl _/g; ay\%%gﬁ'g?rtfatw reebabysgr deactivat or conpound
t he t ’

is added to en” pol yester polymer conposition
in step bjivafolloningat leask76% ofthefpmlycondensaptiontisne;(ar)

ol yest or (Worphiet oF B0 ole, Rl AN e isan Solfeation: or
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before a g iithinf 90 AihliteRbefbR SBIdifMPPevipgiter

pol ymer conposition into said solid particles; or
(ii)after the It.V. of the nolten pol yester polyner

cormes: 1 SRR 53 Holieda ol s B bl b

i f apymptrisingt | east partially rel eased; or
(a) introducing solid polyester polymer particles, having:
(i) anItV. of at least 0.72 dL/g obtained by melt phase

polymerization,
(i) a degree of crystallinity of at least 20% or at least 30%,

(iii) a residual acetaldehyde level of 10 ppm or less, or 5

ppm or less,

(iv) residues of a polycondensation catalyst composition
comprising titanium species, preferably in an amount

ranging from 3 to 35 ppm
(v) an AA generation rate of less than about 20 ppm, and
(vii) lacking added organic acetaldehyde scavengers,

into a melt processing zone and melting the particles to form a

molten polyester polymer composition; and

(b) forming an article comprising a sheet, strand, fiber, or a molded

part from the molten polymer composition.

10



(iv)

time;

follow ng at | east 75% of the pol ycondensati on
or (v) within +/- 0.10 dL/g, of the It. V.

woPRb@is089 upon solidification; or (vi) W thin pgG/us2008/006163
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m nu
prov

conp
part

tes before solidifying the nelt. There is also

i ded a nethod for the manufacture of articles
rising: (a) introducing solid polyester polyner
icles, having: (i) an It.V. of at least 0.72 dUg

obt ai ned IyerVéntimalsas the ydwantage iob making high Negolgmers in the

of ¢

(i

or 5

cat aF

pr ef

rystallinity of at |east 20% or at | east %
et praseule Aveling: Eieeadien of ofganio B5BHIENYdSS s,

gé\{grgj;eﬁ% g&sﬁ{e HeYt Hd WHiH aPrEt 3 r?%u E%%Eéﬁ‘thbfifé to the

I on onpr|S| ng ti m speci es
foraddtipni of catorebaxdies and!uglbi@clf specks. tlostﬁdpxpfmqrm)olling the

(VI %f%%“%‘%&éaeﬁvﬁéﬁ @‘S gR abou%"ﬁ%ﬁl@’%@?ggding an

into
to f
(b)

fibe
conp
hi gh
addi
nmel t

aBet@iddh te%%%hasr épr@a@wﬂg R k%o Bhewdalél Bb%ster

orma I'ten pol yester pol yher conposition; and
polymergalids are iproducashior thei mglt@r@beemamsﬁaucmfe to have a low
nol ded

e BlashyAR S5 ierBfibn saverable o R &k BEERFin the gt phase

mahuPadtyiFe sSreldlice8 on R &ompéﬂ.cvé@ wﬂh@uﬂharéé@.ﬁdwme
tion of organic acetald {/de scavengers to t

msiecwanwetght sueh dhalthei LY. imiactaaser b\meéetﬂ@am RO3 dL/g.

e bRl LS TR L

melt

rmhmmaﬁhwmerﬁMtwerehyde scavengers and which
are suitable as a feed to a subsequent melt processing zone for making
preforms or other articles, and more preferably, such solid polyester
polymer particles having an It.V. of at least 0.69 dL/g are not solid state
polymerized when packaged into shipping containers or prior to their
introduction into subsequent melt processing equipment for making

articles such as trays and bottle preforms.

In another aspect, other achievable advantages employ a robust
and simple process which allows one the flexibility of avoiding solid state
polymerization so that a phosphorus compound can be added late to
promote stabilization and/or catalyst deactivation without concern as to
the impact on melt-phase polymerization rates and also allows the use of
titanium-containing catalysts which can produce polymer compositions
suitable to make articles having less catalyst particulates and hence,
increased clarity and decreased crystallization rates from the melt good
brightness (high L* color) and acceptable yellowness (low b* color).

11



acet al dehyde scavenger or reducing the It.V. to a | ow
| evel , polyester polyner solids are produced in the

wombd/rsebdse manufacture to have a | ow acet al delgMAss2008/006163
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generation rate while the free AAfornmed in the nelt
phase manufacture is reduced in the solid particles
W t hout increasing the nol ecul ar wei ght such that the
It.V. is increase by nore than 0.03 dL/g. The

pr ef a1 r ed Dutass DeptamicteOf Toki IHvetidr Cl es having a
high It.V. obtalned in nelt phase manufacture w thout
acet al dehyde scavengers and which are suitable as a

feed to a ; . ' '

pr ot or s MG RSERThyBRn FC5E BhHersi0as mid RGNy
sol i ceferdnuestocthefollowiny detalled Hescriptionnef the ihventionof
at least 0.69 dL/g are not solid state pol yneri zed

when packaged i nto shipping containers or prior to

their inty j ' I j

cqui prent "TarohalED HeAe A€ dsiited R the BpREARRI app he

pr ef appended chaimshthe sisgelar formmsh'a," dariliandatthe” include plural
advantages enpl oy, a robust and sipple process ich

| ofeths PR e R e st g SP G §Rample.
POl y REYerdiftld @pbroReddig of mAKIAEG RODSH &P UBTSRN," Particle,”
added late to pronote stabilization and/or catalyst _
deact'¢antainen," wri'boltie” isointendedato inoluderdhe meacessimg or making of a
mel t - phase nol rizatioon rates, and al so all t he

use BRIGTY o PRNERI BierprgS At foRlalird it qhsterences
pol yieeh copifssitidn estafiihg adheingeedidftora ipdlyifieNRVinfttded to

| ess catal yst particul ates and hence, increased. .

cl ar inojudmathes dngrediants py otharinolymees respegtivehoif agdition to the
mel t oﬂg%nk? *ght ness (high L* color) and acceptabl e

yel | owiess % ‘ow b* color).4 . Detailed Description O

The I nvention The present invention nay be understood

more readi|ly by reference to the follow ng detail ed
descri pti &Y &PMRATSING\InEPBIRININg” or "obtained by" 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, method
steps etc. have the same function as what is named, unless expressly
excluded in the claims.

It is also to be understood that the mention of one or more method
steps does not preclude the presence of additional method steps before
or after the combined recited steps or intervening method steps between
those steps expressly identified. Moreover, the lettering of process steps
is a convenient means for identifying discrete activities or steps, and
unless otherwise specified, recited process steps can be arranged in any

sequence.

12



It nust al so be noted that, as used in the
specification and the appended cl ai ns, the singular

wolRigB03H, © "an” and "the" include plural refggnis3o0s/006163
unl ess the context clearly dictates otherw se. For

exanpl e, reference to processing or nmaking a
“polyner," a "preform" "article,” "container," or
"bottle" is intended to include the processing or
making of a plurality of polynmers, preforms, articles,

containers or bottles. References. to a conposition
cont ai ni nEXP@S'ﬂQ@FW%W“&eS alt integsreand fagtignsihegeof

to i ashiHdA %ng EYRr iR beRipathilte oPal &ffitature range in a

respectlve one namne
' CoNprocess, gbr ofra Peamlbalmlmgré or of almhelt oedpbbéd tsameelhtor of a

that at | east the named co ound ?
5 or nmmrgraepa@etomvw &% Bitis in 41l ckes Bahfecimitaon is
or agdii<ik |Pé|tﬁ@‘rtth8 r%}gun Hfi:‘)%ré‘l%e qkeldtdealtas gerature of the

presence of her catal ysts, materi

par t melter, poﬁymchbrshoépsare elt the speaified temperatuiecor wiibin the
rrpoundfs material, particles, nethod steps etc. have

the SRERN9AFAN9%N as what is naned, unless expressly

excluded in the clains. It is also to be understood

that the nention of one or nore nethod steps does not

10 precl ude Byémeiipharsonly picaess @ "melt pbase oshs polymer” is

ot erealt iR alkaSier BEDIE nOBROI R CBRRRI 3y ket 069
i denglfgl &dnol’@mmrsub;émnbethéqfdlmeofo an (irsass ires It.V. by
is a conveni ent neans dentifyin di screte

aot | More B0BALA: inibe salid StatecarordIabhmIag the BBlymerdn a
reci él’%ggﬂw& SSsine} PG Fhi éetlaﬁ%lp?quSQ Haﬂcérn%tcj from the

sequen pressing a ran udes "al'l T nte

15 fr aCMa@nﬂﬁadthﬁreﬂfthévpblymertﬂo@ baslgmeraqmvestmgmty\eapolymer to an

tenmperature or a te ure ran
rTpartlc|e or prior to me np 5?*1e polymer o form a finished product.

The invention relates to a method for the production of solid
polyester polymer particles comprising:

20 a) polycondensing a molten polyester polymer composition in the
presence of a polycondensation catalyst composition comprising
titanium species;

b) adding a catalyst deactivator compound to the molten polyester
polymer composition, for example, a phosphorus containing

25 compound;

c) after reaching an It.V. of 0.69 dL/g or more, solidifying the molten
polyester polymer composition into solid polyester polymer
particles which do not contain added acetaldehyde scavengers;

and

13



process, or of a reaction m xture, or of a nelt or
applied to a nelt, or of a polyner or applied to a

woReby/i¥essoheans in all cases that the |imtati @grig2008006163
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satisfied if either the applied tenperature, the
actual tenperature of the nelt or polyner, or both are
at the specified tenperature or within the specified
range. By "nelt phase only process"” or a "nelt phase

only pol ygpreducingitterambbat ofaepidupkbacetaldebygen the solid

pol ycondensed to an | .V, or_ about 0.69 %L/g ar )

mor ewi t hout Patislesdeiaigvehef bppmeer less Bithewolid statejwithout
its It.V. b ' ' : i il

t o shi ppi ngphtc t%rsgnoé) ;(/mslrtq}lﬁ[f g‘ésﬁ?’g'gﬁﬁgwc’lé‘%{éaf%éfo'% dtg;

(t r uakereaihitipe catalystrdbdutivator zohmpaoundes @ddeddmthéenolten
manuf acturer of the polyper .to,a custoner convertin .
he. BOWSRiEr polyrmer sompeblion n Steh BY 5t nerar NG af yae following
pol y{]@i‘htézo forma finished product. The invention

relates to a nethod for the production of solid

pol yest er (ipwithirea fipat téastaersfoc pojycosdegsing)the molten polyester

pol ycondensi ng a nol.ten pol yest.er, pol ynmer conposition
"1 he pr esRRRESORPHREREHILHoaL RoRte! 5 cullr for
conposi ti oncG@RPthe iMsitdd paRykestEr peRFhescoposiieh ittodsaid solid

catal yst deactivator conpound to the nolten pol yester
pol ymer conpagidess®r f or exanpl e, a phosphorus

060 i1 ) SPEIHE Tty ot BerfondBRb Rt sedpasiion has
pol ymer confeéh td anldazt 0.5aLligd oped weRiast OBHIAgEbr to at least
particles which do not contain_added acet al deh

d
scavenger s; 06&db/gs eatr rhigash@. 7Zndl{thtorde até%asabaﬁi di/g, or to at
acet al dehyd%aispoggbadls_la; o

(ii). vacuum applied to the molten polyester polymer melt, if any, is
at least partially released; or

(iv) following at least 75% of the polycondensation time, or at least
80%, or at least 90%, or even at least 95%, of the
polycondensation time. The polycondensation time is the total
time starting from initiating polycondensation to the point in time
at which polycondensation is terminated or when the desired
It.V. is obtained. For purposes of measuring time, when the
polymer melt exits the final reactor and the vacuum is released,
the final It.V. is obtained even though it is recognized that a very
minor It.V. lift or break may occur between the final reactor and
cutter. Or

(v) within +/- 0.1 dL/g, or within 0.05 dL/g, or within 0.03 dL/g, or
within 0.015 dL/g, of the It.V. obtained upon solidification; or

(vi) within 30 minutes or within 20 minutes or within 10 minutes or

within 5 minutes or within 3 minutes before solidifying the melt.
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particles to a level of 10 ppmor less in the solid
state without increasing the It.V. of the particles by

wome1dkan 0. 03 dL/g; wherein the catal yst deaggiiwvabeRioosie3
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conmpound i s added to the nolten pol yester polyner
conposition in step b) at one or nore of the foll ow ng
points: (i) wwthin a final reactor for polycondensing
the nolten pol yester polynmer or between said fina
reactor and before a cutter for cutting the nolten

pol yest er _lpol‘yrrer conposition into said solid .
parti cl es;Ther pplvepterraalymenofithisynveptiamis ary thepmoplastic

I L - ] _
DL B RStehoHTREr oPERRSIAr RS BB Ao o venion are
0. 68dusitinggishablet foomt liduadistystal idlgihecs and thernedsdttirag polymers in
oo 1 RemeonsSi bekie e peb B rdabp A whie
S _2in iRARiR Al RbhdsE AhBFTaR:bedfertétod bRk raudedinto a

| east 75% of the polycondensation tine, or at |east

80% muided articds tarsbBquidrcrgstahpalymesaand 36etmaosetting polymers
densat, on ti

pol ycondensat.ion time. The pol yco is

t he BIf gpsntufqm_e Ec?ra ilﬁaeqa?egrﬁqpﬁlp? I%'ﬁ ﬁ\jch as.pacﬂggung or
pol y eRBHMNTRIN #MAIQ tb PfalkOh Fontdinéd. me at whi ch

pol ycondensation is term nated or when the desired

It.V. is obtained. For purposes of neasuring tinme,

uhen e RARRIdB! bafd RS 60 e BRFAPRUARG UM trat te
t houghbridmésuritripghegsslyrBathainreyantomly biraNged rdther than

or break may occur between the final reactor and
arrangedin a block fashion.

The polyester polymer desirably contains 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. In one aspect, are
polyester polymers which comprise:

(i) a dicarboxylic acid component comprising at least 60 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

(i) a diol componerit comprising at least 60 mole% of the residues
of ethylene glycol or propane diol,

based on 100 mole percent of dicarboxylic acid component residues and
100 mole percent of diol component residues in the polyester polymer.

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

15



cutter. O (v) within +/- 0.1 dl /g, or within 0.05
dl /g, or within 0.03 dL/g, or within 0.01 5 dL/g, of

wol2068/15h33%. obt ai ned upon solidification; or (worwbddiodsie3
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30 mnutes or within 20 mnutes or within 10 m nutes
or wwthin 5 mnutes or within 3 mnutes before
solidifying the nelt. The "pol yester polyner" of this
invention is any thernoplastic polyester polyner.

Pol ygeé eicid beitsropiGisdiatkypebiemts pradudehan esteemhonomer and/or
di sti ngui shable fromliquid crgst al, pol ynmers an

th her atigamers y/hieh greefen polyserdentediprastice _t%SW@PEeT- More
"2 GO PETERES TR SIS Rt ol chervgivec

i nt othereof clrdbareacted, during) thequrodess. yAll dhe pompoends dinat enter
thernposetti ng pol] yners, are unsuit.gble f t he .i nt ende

ol RESRToGRES SRaIA B0 ARG orid arou &) ohgerkabialel fhereof
to i : i . s ) )
ool PEEPR-ERBURSY e messr il ehyfite e icboyic aod
i n tbempohgntt Thieamoleateof alhthentgmpoundsedntaining dicarhexylic

s AR ol areruplirish herdPEi ale T Befrogtis fed up to 100.
naphtrhgl“rdsfd i &t icoripduind(8) édiftaiPfly BRArSHAIIB aciPgroups or

speci fic exanples of these repeating units include
et hyterieativesdprranithatearedniihe said palyasteapaeductaaters to the

tri y] t t hal 1 . ,
ol y BRI EPRRANPLR Sunibh 8RB e 3 Bolyester product
aci daftenyaaeitmseuii(spisnebritfensed witt58 cappdanef(s) dentaining diol
resi dues of terephthalic acid, derivatjves of .

t er egrAURS and futher n%smn%néﬁéiq foymy peyfe@tﬁmq'ws& chains of

(rjne:(it %%é/éﬁ/qeﬁaggé%;]?pgmal ene- 2, 6-di carboxylic acid, or
More than one compound containing diol groups or derivatives

thereof can become part of the polyester polymer product(s). All the
compounds that enter the process containing hydroxyl groups or
derivatives thereof that become part of said polyester product(s) comprise
the diol component. The mole % of all the compounds containing diol
groups or derivatives thereof that become part of said polyester product(s)
add up to 100. The “residues” of diol 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
dicarboxylic acid group(s) or derivative(s) thereof and further

polycondensed to form polyester polymer chains of varying length.

The mole% of the diol residues and dicarboxylic acid residues in
the product(s) can be determined by proton NMR. A suitable solvent

16



(ii) a diol conponent conprising at |east 60 nol e% of
the resi dues of ethylene glycol or propane diol, based

wodosk303s90l e percent of dicarboxylic acid compefiar008/006163
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25

resi dues and 100 nol e percent of diol conponent
residues in the polyester polyner. Typically,

pol yesters such as pol yethyl ene terephthal ate are nmade
by reacting a diol such as ethylene glycol with a

di cagyateinl fof pastbel NIFR i860% elettérihted chigrofdrmCard 30%
di al kyl ester to produce an ester nononer and/or

ol i g@mﬁﬁgat%ﬁfﬂﬁom@e@'ﬁﬁ%@%/@m@@nsed to produce the
pol yester. Mre than one conpound cont ai ni ng
di carboxylic acid group(s) or derivative(s) thereof

can be rencomeladpectnthe pelypsies potymét d:ombasesmpounds
that enter the process conptaining dicar boxgnéﬁ aci d

group(s) &) adicalRwie @sid ¢¢EPRBEN FRINPHYE (XAMRIe, at least
sai d pol yestq @%Uﬁﬁ Ie“a?f‘gp'rﬁ&et’/@eor éi'léé’é&@%o‘lé%%f gt least

conponent Yo O he ‘compounds cont ai hi ng
di car boxyl i O6wriateYrafupé s¢sidues ef teraphtha(is jacid) elesivhtives of

that are in the oduct. ,add 10Q. .The "residues” . ..
of - compound(SIERBNRIR A opialer? Srcitaitpxyfic g gerivatives
derivatives dihpimfhalbhes2 @idfcdrBokyIR Sad dorﬁ%bbf@l%tsethereof and
product refers to the portion of said conpound(s)

whi ch rgrr(ab)ra;diqhconwomntjccpmlpylemgeformxmmle at least 8@inaole%,
oo arotok dSAHEREIbl B Ra TR IROLR Ky A Bt o

pol yest er paiftReresiiaesdf ethyeérie/ giygol, ength. Mre than
one conpound containing diol groups or derivatives

t her basedan 198cmele paicenbef thedigarhpxytie acisdegmppnent residues
pr Od%ﬁﬁ ﬁg)g rﬂ@&r %é(@ﬁnﬁ?m%tﬁ]glscééhﬁbngm rFeElch[%% iR rtl‘?é ?)5ﬁlester

cont groups” or PURLT Ves thereo
becopelypsrt of said pol yester product(s) conprise the
di ol component. The nole % of all the conmpounds
cont ai ni ng di ol

The reaction of the dicarboxylic acid component with the diol
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 diol component if desired (e.g., on the order of up to 200
mole% relative to the 100 mole% of dicarboxylic acid component used.)
The polyester polymer made by the reaction may, however, contain the

stated amounts of aromatic dicarboxylic acid residues and diol residues.

Derivatives of terephthalic acid and naphthalane dicarboxylic acid
may include, for example, C1 - C4 dialkylterephthalates and C1 - Cs4
dialkylnaphthalates, such as dimethylterephthalate and
dimethylnaphthalate.
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groups or derivatives thereof that becone part of said
pol yester product(s) add up to 100. The "resi dues" of

wodogd/1sbskact i onal conpound(s) or derivatives tpefragh008/006163
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that becone part of said polyester product refers to
the portion of said conpound(s) which remains in said
pol yester product after said conpound(s) is condensed
with a conmpound(s) containing dicarboxylic acid

group(s) Ve @olyjestdr psiymerd bEtrROhvantior Hdyss modified by adding
pol ycondensed to form pol yester PO| ymer chai ns of
var y@ sggmasegrer(s)tadhasnelipbase Relymesization RIgEgsanfFomonomers

dic ' ' [ j t 0

Cex ST RAVR PRGB! By AEBIfRT6, b, B 005 LR S3Tm0ot or up
pr ot atvo VR mvleYodaptteabaued0chdlef/afarrup tnab&i® mole%, or up
deuteriated trifl uoroacetic aci q)

aspelrabquid %ﬂ@%t%rat6%?%?6?’0&%%8?@%@3%@@&2%%? at least 5

di cagfpaoy g&a&%g; # HRRYBNbr goRast 8indle%, Yr ;134@5@1@ mole%, or
at least 80 nole% at least 90 nole% or 'at | east 92
nol eétleast 5 mae%t, baseduretiieof0Q hwle peratund ©f teir respective

naphEnBPaRetts SRt F RSt BYdioR indhF oGk oTAF atiount of the
naph¢ SabRBRTE agdég(igirdgleéé!ﬂ\ti if tAE ipdlyedterPolymie? s based on the

thereot, and (b) conponent ‘conprising, for
exanpineunhof cereono8@rrasidet todhe Ipsiyasterpolymerexeluding

I t 9 | e% . I t e % '

of chieatofresdfing e IarPatont Biaeiadufts GTEHIA the mer
di caphasey pblynietizatioAEIesesy. resi dues and 100 nol e

percent of the diol conponent residues in the

pol yester polynmer. The reaction of the dicarboxylic

oS BER 5 5 e B i RSO Aefcitnatc aci
derivates of terephthalic acid, naphthalene-2,6-dicarboxylic acid,
derivatives of naphthalene-2,6-dicarboxylic acid, or mixtures thereof, the
dicarboxylic acid component(s) of the present polyester may include one
or more additional modifier carboxylic acid compounds, or comonomers.
Such additional modifier carboxylic acid compounds include mono-
carboxylic acid compounds, dicarboxylic acid compounds, and
compounds with a higher number of carboxylic acid groups. Examples
include aromatic dicarboxylic acids preferably having 8 to 14 carbon
atoms, aliphatic dicarboxylic acids preferably having 4 to 12 carbon
atoms, or cycloaliphatic dicarboxylic acids preferably having 8 to 12
carbon atoms. More specific examples of modifier dicarboxylic acids
include one or more of: phthalic acid, isophthalic acid, naphthalene-2,6-
dicarboxylic acid, cyclohexane-1,4-dicarboxylic acid, cyclohexanediacetic
acid, diphenyl-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
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restricted to the stated nol e percentages since one
may utilize a |large excess of the diol conponent if

woiRed/fwsso(e. 9., on the order of up to 200 nol 66r/US2008/006163
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relative to the 100 nol e% of di carboxylic acid
conmponent used.) The pol yester polynmer made by the
reacti on may, however, contain the stated anounts of
aromati c di carboxylic acid residues and diol residues.

Der i paingindsPpreféabt Nahoticbeé dindsstoed Irrtahajmthe
dlcarboxyllc acid may include, for exanp

di a|h r9IreepeRing Acis aghydrides, estars, %ndaam q{b\en*fﬂ%ofa&h%e
o oo Rarbe bR B IRALBBLH Srf Rim dicarboxyiic agid, Itis also

I nvepbssiblenfey tr*kiarbaﬂylfd &cid lepnastainddb ranchimgragants shdt o
the nelt phase %‘ ri zati on process. Corrgnome
be pFRERRUNAR WithHa ghqrmurekz%rn?ﬂ@rbw'wq QERRS togmodify the

ol epﬁbl yektetPafoRg it og%c%}% Geftic Heid'Bnaif tgﬁﬁh‘ltat&rg

mol e% uloto or up to about 5 nole
% or at least 2 nole% or at |least 4 nole% or at

ot 0% _or TapAHEAES AdRbFempoBnEsorRASPd mhHEREYcol. the dio

basegdoiphonkft 6@@1e“i§’r’e§eH?{)Sl%gte‘?fméWﬁ\'cTudeeétﬂ’(ﬁﬁbhé(ﬁnod|f|er mono-

conponent, carboxylic ac or hydrioxyl in the polyner
The alspdinls osr Qdmpomdmmtbra highed numtqar@sié\urdrowl graups as

P goteRaE o Eraciris 5 Mot e RIS BRI
r esukyIBalipHa® dlﬂ%%r@férébly)hb\ﬂﬁg Bmmmdambﬁ tofreshd/or

the nelt phase polynerization process. In addition to

a di eliphatig/diols preferabbnrpaviaad 1of2Q crdom alams Mere specific
Do hERaTBIEY of SldPdieRAnel e or moge of; diefhylene glycol

naphtigthgleaelfcali tardeionéanadirdethanoliipropars-1,3-diol; butane-
thereof t he di carboxylic acid conponent (

of the
pr esdft-dib| RerdaRe- lerielhbexare-d fsdiol; 3- methgllpentanedlol (2,4), 2-
methylpentanediol-(1,4); 2,2,4-trimethylpentane-diol-(1,3); 2,5-

ethylhexanediol-(1,3); 2,2-diethyl propane-diol-(1, 3); hexanediol-(1,3);
1,4-di-(hydroxyethoxy)-benzene; 2,2-bis-(4-hydroxycyclohexyl)-propane;
2,4- dihydroxy-1,1,3,3-tetramethyl-cyclobutane; 2,2-bis-(3-
hydroxyethoxyphenyl)-propane; and 2,2-bis-(4-hydroxypropoxyphenyl)-

propane.

In another aspect, the polyester polymer may contain such
comonomers as isophthalic acid, naphthalane dicarboxylic acid, 1,4-

cyclohexanedimethanol, and diethylene glycol.
The polyester polymers of the present invention may be blended

with one or more other thermoplastic polymers such as polycarbonate
(PC) and polyamides to form a polyester blend. In one aspect, the
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or nore additional nodifier carboxylic acid conpounds,
or conononers. Such additional nodifier carboxylic

wohghsessagpounds i ncl ude nonocar boxylic aci d ceEmaIcR/006163
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di carboxylic acid conpounds, and conmpounds with a
hi gher nunber of carboxylic acid groups. Exanples
i ncl ude aromati c di carboxylic acids preferably having
8 to 14 carbon atons, aliphatic dicarboxylic acids

pref p@l?é‘st\er Meﬂdﬁdorﬁphgesl& rajoriey) obthenimventive polyester polymers
cycl oali phati c dicar boxgl ic acids pref er abl

{0 1@r@asameaﬂcﬁmamvyn ot ShiBest 80 St dhppoat lerShBsmE %, or 100
di cay, ,.P
alc|cd ?ééﬂp St%ﬁj |c aC| @hldg)zg %%@Eé&@&lgr@%@é&élpd@g fillers,

aci dmooga)hloh:emmmnﬁs at- phrtlelebpﬁber'splrma?d modifiers, or other
cycl ohexanedl acetic taCI d, i car boxyl i

i c
aci dPo é(m?d'? Nhich may. oé'inlﬂ gﬁcé’nﬁea%us BB??@ Ig@r}pth/er aspect, the
azel r‘i')'len?%b&’& h%h@ﬁh%m ah fﬂl&%l fib&%, oW'nthact mgdifiers or

i sop t a I C aci napht ene- car boxyl'i ¢ aci
and other ploésraens-vihich-fdim ar disgghtinuoarsi pheseng nost
preferable. It should be understood that use of the
correspondi ng acid anhydrides, esters, and acid

chlori deSIrPénét'h%%s?éé@!ﬁ@&lyb@tél‘%d&ﬁnél% d)ﬂﬁbltﬂ‘égehﬂnventlon
the term "di carboxylic acid | so possible

tri cmaycbe/blamdadu\wtrc papbmmsmemwn@dagdmaeanqumer (PCR) in

;?gﬁ%’ﬁ g?@o%gﬁr% hg;]%oﬁg/ggﬁiq 388}1{;% v«&%’ rfe&CtHhn 40 wt%, or

NDNOJRE kR ROWET, Gr By ﬂhaheTUWvﬂ% @rdesd thard8iviti%Nok m the
a di ol conponent conprising ethylene glycol, the di

ol
con‘p%h%@ﬂCEb@f PGR, basedmn the! tptal meaighegf 3lhieolyester in the blend. In
ddi
o SR SRkt U PR R SRR € S GRTRG ikt ian

Exanaimeeant §reatdi thagy zdrpdirakyp te 60th%d3r upabuidewt.%, or up to 20
cycloallphatlc di ol s preferably having to 20 carbon

at on¥Wt’an8r 8P ta10whe. bagedian meeﬁoalémﬁlghh@fvﬁhﬁgb'en@o 20

carbon atons. Myre specific

Polyester melt phase manufacturing processes utilized to prepare
the polyester polymers of the present invention include direct
condensation of a dicarboxylic acid with the diol, optionally in the
presence of esterification catalysts, in the esterification zone, followed by
polycondensation in the prepolymer and finishing zones in the presence
of a polycondensation catalyst composition comprising titanium species;
or ester exchange usually in the presence of a transesterification catalyst
in the ester exchange zone, followed by prepolymerization and finishing in
the presence of a polycondensation catalyst composition comprising

titanium species.

The melt phase reaction proceeds in a batch, semi-batch, or

continuous mode. Preferably, the process of the invention is continuous.
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exanpl es of such diols include one or nore of:
di et hyl ene glycol; triethylene glycol;

wobods B¥sdpohexanedi met hanol ; propane-1, 3- di ol ; peYylEB6rs/006163
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1,4-diol; pentane-1 ,5-diol; hexane-1 ,6-di oI

3-net hyl pentanediol - (2,4); 2- nethyl pent anedi ol -(1
,4); 2,2,4-trimethyl pentane-diol-(1 ,3); 2,5-

et hyl hexanediol -(1 ,3); 2,2-diethyl propane-diol-(1,

3); ifrem@rmdcets biLthe3hventidh, cbolyéatdr palyﬁtdnonyé niiwiere melt
2,2-bis-( ¥droxycyc|ohex yl) - propane;

d| hyafrl%ﬁ@/rqa ipn CoMRTSInG RrBNIAg A R t‘ﬁ%ﬁsapa}y@er melt in the
g?éebg dﬁtgﬁ?b% RempRERY! ) - propane; and

roxypropoxyphenyl) propane. |n anot her
aspect t he polyester pol ymer may contain such

cormnomesa5|so ht hal i c d ht hal e 1 .
i car borbpyeSter recusar reartine ard 1Bt an Rapificating reaction

di et fyd LMHHEY 498 first @%éé)bi’ﬁﬁat ﬁ%ltﬁﬂia‘é@f‘ﬂréc@is ishéonducted. The

present 1 nvention nay | ended with one or nore

ot heestehﬁcalmtm pE1dess poogerdsby dcractasstpnf gationbemby ester
(PO des to forma ester.bl.end., I.n aone
peEroharTh HARORE, 215 SRR WECH Frdse EhcatEny (i e and
| NV egiggueofRRL YRSl ?ha&é’ chS&?—:fs%; tH@bllg?ﬁfﬁéﬂ'nﬁduié‘foﬁlﬁ\ed during
anmount “of at | eas % or at Teast

100 estevificatioreis polycondeansegite forma me!twémbfﬁsé@t pelymer. The

0 RS U 4 DB 8RS ARl pnase

whi Cbrd&%sft@&m defired (W1 nuous phase). | n anot her
aspect, the pol yester blends do not contain any

fillers, fibers, or inpact nodifiers or other polyners

whi ch for g‘bgyﬂbgf@%{rré%g%ﬁ? GreCof Ar{% BPRoRE HikiBE lic, acids,

t he pol ye present 1 nventi on
bl endmfendblﬁamﬁaﬁ@dmmmyhcwdﬂ eni qstéryfeahmg qbaﬂnxgatwes
(PCR in nount, for )i t]h?n about 60. .

W % r@{epfggg 1 NEHOUmOfE sholg A e contmuous y fed to an esterification
reactor operated at a temperature of between about 200°C and 300°C,
and at a pressure of between about 1 psig up to about 70 psig. The
residence time of the reactants typically ranges from between about one
and five hours. Normally, the dicarboxylic acid(s) is directly esterified with

diol(s) at elevated pressure and at a temperature of about 240°C to about
285°C.

The esterification reaction is continued until an acid or ester group
conversion of, for example, at least 70% is achieved, but more typically
until an acid or ester group conversion of at least 85% is achieved to
make the desired oligomeric mixture (or otherwise also known as the
“BHET monomer”). The reaction to make the oligomeric mixture is
typically uncatalyzed in direct esterification processes and catalyzed in
ester exchange processes. The titanium containing catalyst may
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less than 20 wt. % or less than 10 wt.% or |ess than
5w.% or in the absence of PCR, based on the total

woRbEdozwf all polyester in the blend. |In anothgaius2008/006163
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aspect, the blend contains PCR, for exanple, present

in an anount greater than zero and up to 60 w.% or

up to 40 wt.% or up to 20 wt% or up to 10 wt. %

based on the total weight of the blend. Polyester nelt
phaseptimalfyatm added irptl”cﬁ:estedﬁcatidri tczrmjatomgpav'ﬂarp)aaw materials;

| t t t ud
2 35BS 3y 5B B3 RUBR B ) e,
di ol deﬁéﬁdlﬁgﬁﬂr{ thel tPpé o tidrse t?aQal%t €§é<f”l'$/|b|%ét éé’@r exchange .
catalysts, I'n the éesterification zone

pol yG@frait@m% whichhmay adtditignallydie/ueed iman festarmchgnge megction
comp B diislerBRBaiE AT Bl BralBE ot Bkample, ttanium

exchalkaRidesUeh (M) oN(IVheskire SARE BoRfpoainds such zinc acetate, or
transesterification catalyst in the ester exchange

zoneMangangse ¢opyPQnelss § MANggnesa @cetates ior hgnzaates
the ppgacaGceduch @ﬁég&f&&‘ﬁﬁﬁﬁhaé’ ”eacéﬂ ﬂéé@%mg Iy or in combination

conposition conpri um Spect es

phaswithesathi sthenr Aagetisen catalybbiheiterisie Welbidian tothose skilled
cont | nuous node. Preferably, the tBrocess of the
r

| nvelft eratt are sHitahisof N dsech the esteraohagge reaction
'”VePFdéé'édsRH'tﬂgﬁ fri%%'é‘fgﬁéﬁuuﬁ{ orﬁ?@ﬁnaé‘ a melt phase

reaction conpris a po ter polyner nelt
in the presence of a ti tan| um corrpound Pol yest er

recursor _reactants ed tp an esterificati
Peact! on Thedariiing AbapmsT Madiid ByuSHin i s fication zone
phas gmﬁﬁ&ﬁ GeA8desS dr8BCeQERflcatibiearid b@férféx?:ﬁé hgé‘ g %s%%%)
ed ange

proc s by direct esterification or este
r eacmodndgs ms(ﬂahydmweuyl)terepbmaeu(falsodtnawn abiBHEET

f’nei? ﬁ?o&%}r%%ﬁ)eggva fele ﬁﬁulatr \APel&Si oI%B%&%?DEI&ean%J {.rggen%%ounts of
condensation by-product (e.g., water or methanol) not removed in the
esterification zone, along with other trace impurities from the raw
materials and/or possibly formed by catalyzed side reactions, and other
optionally added compounds such as toners and stabilizers. The relative
amounts of BHET monomer and oligomeric species will vary depending
on whether the process is a direct 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 monomer predominates over the oligomeric species.
Condensation by-product is removed as the esterification reaction
proceeds in order to drive the equilibrium toward the desired products.
The esterification zone typically produces the BHET monomer and
oligomer species, if any, continuously in a series of one or more reactors.

Alternately, the BHET monomer and oligomer species in the oligomeric

22



esterification is polycondensed to forma nelt of
pol yester polyner. The nol ecul ar wei ght of the nelt
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the desired It.V. To further illustrate, a m xture of
one or nore dicarboxylic acids, preferably aromatic

di carboxylic acids, or ester form ng derivatives
thereof, and one or nore diols are continuously fed to

gm eﬁrﬁﬁu'refb codtlibenprogacedrin wercatmdreabaahtreapwrat itrie¢ of
et ween about 200C and 3000C, and re re of .
bet wiaderstad, howsves, that ina precrsser 5@@ PN, the reaction

res! HERGR WilEohin i MBAGHRACS IR GL1ARERRhyR6-

bet ween out one an |ve
di canbpmynblatemdd'(ssﬁtorrespbn@ug bygcamea i Attlrnlswtage the lt.V.is
diol (s erat ure of

| d
aboulSUaBORo e AR AbRL AL ovh B0 (THE AV tgS dsBr

'S C@Bpmw&@tuaﬁtdf'th@ma@rﬂol orfShEmiguRIR @Erewwmhan 15,
exanple, at |least 70%is achieved, "but nore

typl aadloﬁtenriesstfmm é@®i.d or ester group conversion of
at least 85%is achieved to make the desired
oligomaric m xture (or otherw se al so known as the

" BHET nonoiRe'the oTnpenf@mcmwuret i8 rAAde té ke absiggdTpeicent
m xture is typically uncatal yzed in direct

est eﬁ@lﬂ\(efétqncﬁf the asid op estan @revpslitisdtanspogieddfom the

may B e ERR 387 an deothls RS RARRtesAaf ZoRe The
al ongominiénhderrertedfehée Potycondengeti on Bér—.idtiolntls @‘netdﬂty marked by
catal yst for pol ycondensati on may | ess, dependi ng

on t ﬁéhwaB'Qherﬁcﬂéﬁ{|qu%§hfﬂ9at%r@&>er@§€é thap 5h% ﬁpeé%ttr@r

exchangse Gt l}ﬁﬁé e‘é’fénﬁl&aﬁﬁﬁ AA0d! bt 8R4I dYRdUERSh il'pressure
an es e exchan reacC on etweén a

di al syinparepta ttfd edterificatian zore, ordhothe In SOmeecxasqsl the

Eg%gb&gggéégétgqﬁ{@agg@pg Ig?argq-rzd {lengr?ert actual & operatlng
temperatures and lower (usually sub-atmospheric) pressures than the
actual operating temperature and pressure in the esterification zone.
Typical polycondensation reactions occur at temperatures ranging from
about 260°C and 300°C, and at sub-atmospheric pressure of between
about 350 mmHg to 0.2 mm Hg. The residence time of the reactants
typically ranges from between about 2 to about 6 hours. In the
polycondensation reaction, a significant amount of glycols are evolved by
the condensation of the oligomeric ester species and during the course of

molecular weight build up.

The polycondensation zone is typically comprised of a prepolymer
zone and a finishing zone, although it is not necessary to have split zones
within a polycondensation zone. Polycondensation reactions are initiated

and continued in the melt phase in a prepolymerization zone and finished
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manganese conpounds such as manganese acetates or
benzoat es and/ or ot her such catal yst conpounds, each

wous@hsessogl y or in conbination with each ot hepcTAR¥008/006163
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ot her catalyst materials well known to those skilled
in the art are suitable. In one aspect, the ester
exchange reaction proceeds in the presence of titanium
compounds. The resulting oligoneric mxture forned in

t he pstherméit phbkenin adibsHingizohel éﬁéﬂd!ﬁ&:l"dﬂhé&ﬁélt is solidified to
esterification and ester exchange processes) includes

bi s( fﬁyﬂ\ed%g)%@ﬁ?r ppwnmmﬁmp&laéewpg@cm asfarally in gig-form of
nono ht oligomers, DEG and
tracgﬁ' Be¢ @fgensaﬁsgg by- product (e.g., water

or net hanol) not renmoved in the esterification zone,

along with other trace inpurities fromthe raw

mat eri al s EARH/ZdhelAag icempriser aredrigy of ahalof #Reresdigtinct reaction
reactions, and other optionally added conpounds such

as t yaesels aRaratinguat diferent copditionsaer the zenssnngydre combined
BHET [

depel! ﬁgaggr%a%&] géé&g Hqug§§§§ n‘?&e"!déi -stades operating at

est ediﬁerémtcmlﬁnnscla%snngleﬂfeamom dFleattibethemprepblypier stage can
ol i gonmeric species are significant and even gresent as
t he H’é{P!Me @Sé&ﬁee%f ong opMale dpaglors, Qﬁa’@tﬁﬁ’ &§eBYygueysly, one or

wWhi Chy frateatdt fredctbt bY @v@H ke dPmbfe %’é‘%ﬁoﬂ%@@@s‘é br sub-stages

predom nates over the ol goneric species RSt
by- ppedarrhed sn aesm:gleaieastor Nessalt efhd residerme timaaf |tlme1 melt in
tovva d

d to dri vetheewllbrlu he
ool e BpgERte FPRINEUINEHBEGaNGR 13t af 1N el I Jhe
pr OdHFegﬁatll n@n Biffoh OO EhoaRHitéd.| B8FBLa ?’é:'lﬁ%orﬁéc reactor

any, uousl y In a series of one or re reactors.
AI t edasigesythet prepsiFieriaatiomsrorentepoeserdathe fipst diadfofi n

b du
bat cROVERTGREa N EmtR gt fea ik g poie the RfisRing Zorte
pr ocpssre§OhtstRE ise@oRENalft dfpdlssideRation. Other reactor designs

may adjust the residence time between the finishing zone to the

prepolymerization zone at about a 1.5:1 ratio or higher. A common
distinction between the prepolymerization zone and the finishing zone in
many designs is that the latter zone frequently operates at a higher
temperature and/or lower pressure than the operating conditions in the
prepolymerization zone. Generally, each of the prepolymerization and the
finishing zones comprise one or a series of more than one reaction
vessel, and the prepolymerization and finishing reactors are sequenced in
a series as part of a continuous process for the manufacture of the

polyester polymer.

In the prepolymerization zone, also known in the industry as the

low polymerizer, the low molecular weight BHET monomers and
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m xture wll contain the nononeric species bis
(2- hydroxyethyl)-2,6- naphthalate and its

woeRhs/sepndi ng ol i gonmers. At this stage, the |PTCT)'hszb(ﬁ;/006163
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usual |y not neasurable or is |less than 0.1 .

aver age degree of polynerization of the rmlten

oligoneric mxture is typically less than 15, and

often less than 7.0. Once the oligomeric mxture is
madeofigorhBes ietherslidontsriemixt oA p¢|9me®fzed va polydondensation

ester %oups it 1s transported fromth
est etq faranwpelyathylane terephkthalate mwsﬁwe(or PEN polyester) in the

pol y
Dor 5 B Pihaf R cobtéin EETERANER PPhe Sadii composition
ei t heompriginghirspediesmayries atded in mmestetuﬂcaildrham t he
operat erature in tFe esterlfl atlon Zone,

mar kBB‘YPgaﬁ%@ PN 7PN5% SY6 @SdH}FB%ﬁ"@HE Y Briphto |n|t|at|ng

este

oy SERRAAEN Sl Aok SAT, Gabe ol fcion zoe
oper ptiontp indigliagasierficadion droxster (exmmgqpr during or upon

oo GBI g TS o bR BB e amur
Typi ééhtdﬁﬂhy Q:‘éﬂﬂ%ﬁ@b’d@@dﬁ&‘%ﬁé 'e@fé?lﬂéﬁﬁéﬁ the |t is typlcally
t enper at ur es rangag&%rom about 260C and

s u b btafdsshenth they apd ded wpmastgbﬁmtlc%@amngs)tand/or into

t ypi éa‘iﬁe e%rrﬁgwgﬁéjq f Eﬁ{géﬁf:ﬁ?ﬁl? %%Lg‘ggﬁi glycol that is fed

hour fnto tive fif azeerifeatign fiéaét'o@n I Qaﬁ;blbénDl\/ﬁ-Bagéd proauds, those
anmount of glycols are evol ved t he condensati on of

t he skillgd ﬂfethez:aege@@gryp@éh@@taﬂaca@.lysﬁ gatgdalang peingg of
ol eﬁabﬁgltﬂg r| SegerHafq anﬁ*l-ﬁhBP Inzgie gﬁ&sﬁfdhogs éﬂBEphorus

IS typlc prepo r zone an

fini ebmp@undeefarwfrbhoagypucal d:ﬁem@stérefmeaearpyoéésﬁave
split zones

With some titanium species, the catalytic activity for
polycondensation is higher when the titanium compound is added after
esterification. In one aspect, the titanium compound(s) may be added
after esterification and before or at the initiation of or during
polycondensation. In another aspect, the titanium compound(s) may be
added between esterification and polycondensation or early in the
polycondensation, such as to a prepolymerization step (the first stage of
polycondensation) to catalyze the reaction between the monomers and
between the low molecular weight oligomers and between each other to
build molecular weight and split off the diol(s) as a by-product. if the
titanium compound will be less catalytically active after being present
during esterification, it is added preferably to a direct esterification
process 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
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wi thin a pol ycondensation zone. Pol ycondensati on
reactions are initiated and continued in the nelt
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melt phase in a finishing zone, after which the nelt

is solidified to formthe polyester polyner nelt phase
product, generally in the formof chips, pellets, or

any ot her shape. Each zone nay conprise a series of

one leas®5%, dndtrhostt preferablyowher tise Ps copesratamof the acid end
different conditions, or the zones may be conbined

i nt ogr&ﬁ'é’srf@mﬁslﬁf'f\?@g%l'séﬂ%t ggé"-or more sub- st ages
operating at different conditions in a single reactor.

That is, the prepolyner stage can invol ve the use of

one or nolreamathet aspectpartiamdnccompoundd$ addedh o the oligomer
nore batch reactogs, or even one .or.npre retactio

St epEPRpIe BRR 65 gHET GEMPIFIRN, Setanigalipnonio A palyester et for
vessglampRe nbasich W58 wHerethef it U ef R ielttehBRes about 0.3 dL/g,
finishing zone relative to the residence tinme of the

el t o mo {ater thaspwhendhe HaV.i ofritheamelt reaghess abautiGed dLigror no
exanple,.in sone. re or. . desi gns h

or epatsrf YR e Bk 5 i Bl Rachgl apout p-1.dtp. gy to the

pol ysRjuisEsaittare exitihgthe esferificatibh 26né] oEpridvtol sorhfencing or
finishing zone represents the second half of

pol yauthesiadaf @elycondensatiest or desi gns may adj ust the
residence tinme between the finishing zone to the
prepol yneri zati on zone at about a 1.5:1 ratio or

hi gher. A_conmon di stinction be

pr epol yrrepl(h%%rt ¢YAPIYRLS SHED ?ﬁ&oﬁ\igﬁ%%%%ﬂ%d cRloaRs may

desi §R§ Hesadded irf {he pripoRmEPARION Ashee TThes@BEMpoaAdsimay,
a higher tenperature and/'or | ower pressure than the

oper howayer becaddeashin the finishipg @poensierd &f iosin addigion to the

Gener al | each. of e e .' i.gn and the

fini B?ﬁﬂ%y@%ﬂé%m@oﬁé'% g@&g%@érﬁ&%&bé%&bgs of nore than
one reaction vessel, and the prepol ynerization and
finishing reactors are sequenced i

Preferably, the titanium catalyst Ier)](hibits in the absence of
phosphorus compounds at least the same rate of polycondensation as is
achieved using antimony triacetate or antimony trioxide in conventional
amounts and at the same temperature, and more preferably exhibits a
considerably greater rate of polycondensation in the absence of
phosphorus compounds, for example a rate from 10 to 50 times higher
than antimony triacetate or antimony trioxide, based in part on the weight
of the catalytic element relative to the weight of the polymer. A polyester
of suitable inherent viscosity can be produced under similar conditions in
shorter time than in an antimony catalyzed polycondensation, while also
using much less catalyst. Alternatively, the titanium catalyst preferably
exhibits in the absence of phosphorus compounds at least the same rate
of polycondensation at lower temperatures as is achieved using antimony

triacetate or antimony trioxide in conventional amounts and at higher
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a series as part of a continuous process for the
manuf acture of the polyester polyner. In the
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process, those skilled i'n the art recogni ze that other
cat aBpditetraisebuty titanate dE specially suitdbig titaniunmanatalytic materials

Comp Bl Bée PRar B8 (pi oy RuRapTr bR, g o

pr ocamuurwa\vb iBOPRpoXid| M@nsfmrbhecsatalsfbt% atr@t:wanbblé
activity for polycondensation is her

tit aﬁpmweérgmﬂudﬁcg i ¥nderdbe téadeéna%'?@qrﬂ t&anatﬂs frqrn DuPont.)

o't e oha hanibCodrbAhUT W pEREL S Bl Efplysts are also

of osurthtlslenglcmdu()j@mmleglbeeg Ollrhgl En%tm 56536716, inkeérporated
titapi um onp un e added bet
est ePPfeIp el pa—l' ?\éb’fﬁ@l oxigs; anpd B;’Ag"@iﬁq pxidgspay become

olublllzed durlng the course of the polymerization, for example by
complexation and/or reaction with the glycol component. If catalysts
remain insoluble, at least in part, catalytic activity would be a concern, as
would haze (lack of clarity). Soluble catalysts are preferred, more
preferably, those catalysts which are soluble at the outset of the reaction.
The titanium catalysts may be introduced into the reaction in any
convenient manner. A solution of the catalyst in alcohol or a slurry of the
catalyst in ethylene glycol may be used, for example, as may be a
solution or slurry of the catalyst in an oligomer mixture. The catalyst may
also be added alone, and distributed by agitation (i.e., by mechanical

mixing or by use of a static mixer.)
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pol ycondensati on, such as to a prepol ynerization step
(the first stage of polycondensation) to catalyze the
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| ater than en the It.V. of the nelt reaches about

0.3 dl /g, or no later than when the It.V. of the nelt
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[t.V. of XaayrfriorescemceqXRH)adsithedardalviday teakmidue tbed to report
ol igoner mxture exitin he esterification zone, oy
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usi ng, antinmony triacetate or j L OX] in .

convBIfTS e s oor s wopf B! et LR ek ang, ot in

mor etefrif Gffleldly of e fahfur® compounds added. In one aspect, the
amount of titanium catalyst added may be, for example, at least 2, or at

least 4, or at least 6 ppm based on the weight of the polyester polymer. In
another aspect, the amount of titanium is, for example, less than about 50
ppm, or less than 30 ppm, or less than 20 ppm, or 15 ppm or less, or 13
ppm or less, or 10 ppm or less, based on the weight of the polyester
polymer. In still another aspect, the amount of Ti may be, for example, at
least about 3 ppm, or at least 4 ppm, or at least 5 ppm, or at least 6 ppm, or
at least 7 ppm, based on the weight of the polyester polymer. In yet
another aspect, the range of titanium may be from, for example, about 3 to
less than about 20 ppm, 6r from about 4 ppm to less than 15 ppm, or from
about 5 ppm to less than 10 ppm, in each case based on the weight of the

polyester.
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consi derably greater rate of polycondensation in the
absence of phosphorus conpounds, for exanple a rate
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antinmony trioxide, based in part on the weight of the
catal ytic elenent relative to the weight of the
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hydr ptRfl78X) A58 487855 Uleast 79.

Other catalysts which may be optionally present along with titanium
species may be catalysts containing antimony, zinc, cobalt, manganese,
tin, germanium, and other known metals. In one aspect, however, the
polycondensation catalyst composition consists essentially of titanium
species, meaning that the amount of other metal species in combination
with titanium should not increase the b* of the solid polyester polymer
particles by, for example, more than about 0.5 CIELAB units and/or lower
the L* of the solid polyester polymer particles by more than, for example,
about 1 CIELAB unit under the reaction conditions used relative to a
composition made in the absence of any metal other than Ti under the
same reaction conditions. In one aspect, the cumulative amount of

catalyst metals other than Ti are not added to the melt phase
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sol ubilized during the course of the polynerization,
for exanple by conpl exation and/or reaction with the
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In one aspect, germanium catalysts are not added to the polymer
melt, or the polycondensation reaction takes place in the absence of
added source of germanium as a catalyst, or the polyester polymer,
particles, performs or bottles do not contain a source of germanium

atoms.

The prepolymer polycondensation stage generally employs a
series of one or more vessels and is operated at a temperature of
between about 230°C and 305° C for a period between about five minutes
to four hours. Durihg this stage, the It.V. of the monomers and oligomers
are increased generally up to about no more than 0.45 dL/g. The diol

byproduct is removed from the prepolymer melt generally using an
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terms of levels of the titanium conpounds added. In
one aspect, the anount of titanium catal yst added may
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70, HarfhbbRAF8 dlFy, & no greater than about 0.2 dL/g, the prepolymer is
fed from the prepolymer zone to a finishing zone where the second stage
of polycondensation is continued in one or more finishing vessels
generally, but not necessarily, ramped up to higher temperatures than
present in the prepolymerization zone, to a value, for example, within a
range of from about 250°C to about 310°C, or from about 270 to about
300°C, until the It.V. of the melt is increased to an It.V., for example, at
least about 0.68 dL/g, or at least 0.70 dL/g, or at least 0.72 dL/g, or at

least 0.75 dL/g and up to about 1.2 dL/g.

In one aspect, the temperature applied to the polymer melt or of
the polymer melt in at least a portion of the polycondensation zone is, for
example, greater than about 280°, and up to about 290°C. In another

aspect, the temperatures in the finishing zone are, contrary to
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at |east 76, or at least 80. In one aspect, the
crystallized pol yester pol yner obtained by the process
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In step b) of the process, a catalyst deactivator is added to the
polymer melt. In one aspect, the catalyst deactivator is added after the
complete addition of Ti catalyst. By a catalyst deactivator is meant a
compound effective to at least partially deactivate the Ti catalytic activity. A
compound is effective to at least partially deactivate a titanium catalyst
when by its addition at a given level, the rate of AA generation upon melting
particles or the free AA level in the perform is reduced relative to the no
additive case and/or, solely for testing the functionality of a compound at a
given level, a) when the rate of solid-stating under actual operating
conditions is reduced relative to the same polymer without the deactivator
("no additive case"), or b) when added earlier, the rate of melt-phase
polycondensation to a constant It.V. target under actual operating

conditions is reduced, that is, it takes more time to reach the It.V. target, or
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manganese, or magnesi um are added in the nelt-phase
manuf acturing process to actively catalyze the
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aspect, no other netal conpounds, including cobalt,
are added. It is to be recognized, however, that one
or nore of netals such as cobalt or manganese wi | |
nost |likely be present at low levels in the nelt
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t o apbase polymerizatibnrrelativs taithe o additive easeyypr oduct
is renoved fromthe prepolynmer nelt generally using
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pol yg]%r pc?l?rlnter Itc;1 ]gr(reg aasc’:gfc’aldgrr\]fdeprfgf? Hagegtgdefar]%hp(\)/ls%séc? IWo.u?d have
a high acetaldehyde generation rate during extrusion or injection molding
and would produce an unacceptable amount of free acetaldehyde in the
preforms and bottles made from the polymer. The catalyst deactivator can
also help thermally stabilize the polymer melt near the end of melt phase
polycondensation and during melting of solid polyester particles, for
example, melt processing into articles, without which more reactions would
occur to cleave the polymer chains in the highly viscous melt, a route to
forming more AA precursors and ultimately, more free AA. In addition to
lowering the formation rate of AA precursors and free AA, the catalyst
deactivator may improve the hydrolytic stability of the polymer. Any side
reaction at least partially catalyzed by the polycondensation catalyst
system may be less of a problem when the polycondensation catalyst
system is at least partially deactivated. Addition of catalyst deactivators to

the melt is more efficient than deactivation of catalyst in the solid state. In
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generally decreased to allow for a greater degree of
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abouphasépfoductorder to avoid rapid increases in the
rate of AA precursor formation. The final vessel,
generally known in the industry as the "high

pol yneri zer," "finisher," or

The catalyst deactivator is, for example, a phosphorus containing
compound. The phosphorus compounds contain one or more
phosphorus atoms and include, for example, phosphate triesters and
acidic phosphorus compounds or their ester derivatives. Acidic
phosphorus compounds are defined as having at least one oxyacid group,
that is, at least one phosphorus atom double-bonded to one oxygen and

single-bonded to at least one hydroxyl or OH group.

Specific examples of phosphorus compounds include phosphoric
acid, pyrophosphoric acid, phosphorous acid, polyphosphoric acid,
carboxyphosphonic acids, alkylphosphonic acids, phosphonic acid
derivatives, and each of their acidic salts and acidic esters and

derivatives, including acidic phosphate esters such as phosphate mono-
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"pol ycondenser," is also usually operated at a
pressure | ower than used in the prepol ynerization zone

wol@od/is03daer drive off the diol and/ or other bypmaskedsiosies
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and increase the nol ecul ar weight of the polynmer nelt.

The pressure in the finishing zone may be within the

range of, for exanple, about 0.2 to about 20 nm Hg, or
about 0.2 to about 10 mm Hg, or about 0.2 to about 2

mm Hend di-tdsteighandaohiatidibiphgsphate éstersc@.g.yphospblatetri-esters)
t he sanme basic chem str%/]t@as,the rep

I ! .
f act SYHh@s faety) ehgsphate. Histy! Pgaf@’dﬁ{'hﬁﬁpg'h%%pmeate,
Bl o BRIy BhbspBR o 02 oty M BN hefg Yilgohtetic
eac hpldéspHhate tii-eistdrs ntyiockd phiosphaies tripferyl ptosphite, tritolyl
[ , d h is typi I
B e T
L?”g?ﬁﬁtn?;cﬁf/l Byl ipRbspREhSXe, tﬁtfbﬁéo&bﬁ?%éﬂfﬁenéﬂpﬁ%@d}\oonate,

e’ process, a catalyst deactiVvator ‘i s added 't
t he ponpsedi-,raxid tri-esteomef phespitorict arid wdthaethylene glycol,

deaciotitnShe bR 5% BlF Hedahoy 39 TRilBs Aot OO REr Lamples
conppieecdisREry Ipenterpthrit@aiphdspHitea on ol el ditdidRogen

the Ti catalytic activity. A conpound is effective to
at | phesphate compaundsaphpsahite aompodRfseertaialigerganiten

by i [ 1] [ e of

oencp IR Rradhdt EEels ¥Rl 5 4BbR, BingRqumer mett

i n t pelyfethilene)hrirogen phdspratel iand silgl piespratesidHaizedn

case and/or, solely for testing the functjonality of a

conp®lHtions ofpartiias peingnolded Rgitsis: one inglication of the lack of

sol i d- i . r 1Al . 1 i i

2l SRR BEU 1SR s cr SRR PBF . Soluve

deachdditives até nwredittetly toedeativale/stabilizg the eatalgstesystem.

earlier, the rate of nelt-phase pol ycondensation to a

constant I1t.V. target under actual operating

Since the catalyst system used in the invention can easily be at

least partially deactivated, phosphorus 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 decrease the
brightness and 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. Unlike conventional antimony catalyst, titanium catalyst of
the present invention is not reduced by certain phosphorus compounds to

their elemental form, that is to the zero oxidation state, and as such are
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conditions is reduced, that is, it takes nore time to
reach the It.V. target, orthe It.V. of the polyner is

wo'ReiGeskpat constant tine relative to the no adaids0@/006163
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case. I n another aspect, the catal yst deactivator also
reduces the rate of AA generation upon nelting
particles relative to the no additive case (i.e., to

| oner the contribution of AA generation on free AA

| evehst a$ sascaptibis tadegeddationwfiL*qfe 2 tp yedyong). Therefore,
relative to a no additive case). |In another aspect,

t he @aﬁafrygﬁnéég&ﬂes/amuqeédaﬁ% thehtitaniitra C@talmd polyesters of
gene

05" U bRBCUEREFTOh 99 LPRRI o ifad pelfont s botes
pol ynﬂidezfad)mczmtmw catalyzed palyestenpdlymers. case. | n

one aspect, the catal yst deactivator is added |ate

during manufacturing to the polyner nelt in order to

limt the activity of the titaniumduring subsequent

el t pfocﬁm@&ﬂe‘?ﬁi%népgn%bﬁ?a de%gde Ysfth W #fe antimony metal

catal yze the conversion of ace recursors
pr esand antimadrey mm%phate mrﬁd@@aE&:a’QﬂB eenygb thegfaan scatter light

OBl b ARGl B B B A5 i ane
and @Atimdnk r&@éﬁﬁa@cﬁﬂ@@l@@t@bg&té}mﬂﬂﬂn aid taese crystalline
acet al deh¥rge in the preforns and bottles nmade from'the

pol yherze. Thaddiioal w@end@af@f is/present dHe 4¢ éncamaplgte drying of the

therﬁﬁq gré&@gggbg&ggm%n 8é’é‘§r§ ififd haf8h trgful?ngnﬁke

mel t TR ARG | ng el

sol i dopedntiviiat antionydatalyst thiat Exaesad at ahmlltt250 ppm, titanium
processing into articles, wthout which nore reactions
woul Qa@(bt%ro fthe prasant "i‘f?é‘t'ﬁal'§#§?da’ﬁs§"‘lﬁ‘sh lowarievels gadyresults

and O Gy obffeaBr oF s BRRoRs & SRS tho PET.
t he therefure otitanaune-catalpe PEJucrystadlizescmick slower thha

g? ;glpgﬁ{lgnd ng%c Iﬁ‘éﬁ%\?ﬂ?\y,@xaly%? ?’éelat Eﬁ)wgrdcrr?s%é‘hzatlon from the
melt means that less heat is needed in the extruder portion of injection
molding process to mold clear preforms; therefore, the cooling time is
shorter and hence, the injection molding cycle time is decreased, that is,
more, clear bottle preforms can be made per unit time. Slower
crystallization from the melt is especially desirable when molding thick

parts.

The catalyst deactivator is not added along with the addition of
titanium compound 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
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reaction at |least partially catalyzed by the
pol ycondensati on catal yst systemnay be |less of a

woRoeRisessewhen t he pol ycondensati on catal yst sSyetram20d8/006163
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at |least partially deactivated. Addition of catalyst
deactivators to the nelt is nore efficient than
deactivation of catalyst in the solid state.

Inaddition, solid state netal deactivation techniques,
suchdeactiveitorsatad ift thegtare mot,(they 3P @ désired iecaddet along with
periods of tine éBO m nut es or qreater), do not offer

t he thesRialvet gaa ﬂ\%@fé"é”@m@m% Wi polycapdensation in

the nelt phase. In an ester exchange reaction, a

cat al yst deactivator can be added at the concl usi on of

ol yoondeliaiFates! Sy atbrlt o880 sariy o the polymerization

deacprotdise, hb eefifé@ byaKe Hevgef et dlyrdier it if2gtse more difficult or
significantly inpairing the catalytic activity of the

) 19 . .
ti t aliPRPsRIgttairaachyadtghtarget tidh afeaaspnableckioggss Hge.
t he r tal e t :
exchangs 25 PG anEE Mol e KBRS £latg stage in the
pr i opolyconddnsetidnh eréfetably mesac thg finishegexidbajust priot to
the ester e,xchan%e cat al yst d?gé not unduly 1 npair the
col oPelgtizatign Rijotaermeans pf spligiisationem gereguce the
of tﬁ@eﬁ‘@@%bhfﬁ'ﬂ’ir{’ﬂ{é’ﬁ?ﬁ% d¥liggmer melt phase product.
The catal yst deactivator is, for exanple, a phosphorus
cont ai ni ng conmpound. The phosphorus conpounds contain
one or nore phosphorus atons and include, for exanple,
phosphat e Stifideesthe bé thanbenefitdiof thd isehtionds terpasa ddthowhich the
their ester derivatives. Acidic phosphorus conpounds

> d
are GRWBIYR §YalermaARE seartivated opareshipuld Bedabep not fyadd the
oo e R0 B AN LB LR rBfsation
OH gratep.The addition of the final amount of desired catalyst deactivator

should be completed only upon substantial completion of
polycondensation and thereafter, and preferably, the final amount of
desired catalyst deactivator should not be added to the polymer melt in
the melt phase manufacturing process until substantial completion of the
polycondensation or thereafter.

In an aspect in which the catalyst deactivator is added in the melt
phase polymerization, by the final amount of catalyst deactivator is meant
the final amount of catalyst deactivator desired in the polyester polymer
exiting the melt phase manufacturing process or as appearing in a pellet.
If desired, a partial amount of catalyst deactivator may be added early in
the melt phase manufacturing process, such as at the initiation of
polycondensation or after the last esterification reactor or zone, provided
that a portion of catalyst deactivator representing the final amount is
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Speci fic exanpl es of phosphorus conpounds i ncl ude
phosphoric acid, pyrophosphoric acid, phosphorous

woebglisopl yphosphoric acid, carboxyphosphoni c peaigk3008/006163
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al kyl phosphoni ¢ aci ds, phosphonic acid derivati ves,
and each of their acidic salts and acidic esters and
derivatives, including acidic phosphate esters such as
phosphat e nonoand di - esters and non-aci di c phosphate

est eaddée¢ Idte iplios pbaise dfpolpsdrRiehsation br dsereaftaebbybefore
phosphate, triethyl phosphate, tributyl phgosphate, )
t ri beeligifieation apa¥Rigmadiurther below.cf RyMARRYES polycondensation

phos , [ ' . [ '
s BHEE ORI e RHETRIBIS. bF APt BT B most
(tri pyeferabiytte whpleobdf thleagtblgstdedctivatdnis added late to the melt
phosEFonoacet z%t e, di mstg%el} nmet hyl phosphonat e,

t et r BNAEH MARMTAGIIAGIRERERRSHhosphonat e, nono-, di-, and
tri-esters of phosphoric acid with ethylene glycol,

di et hyl ene gl ycol, or 2-ethyl hexanol, or m xtures of

each. QUhgl gxaMly Eﬁéﬂ&hgﬂesth@ @étS%%gggﬁﬁgﬁ’i&q&&e@ to a melt

di phosphi t'e,” nono- drogen”’p

conpphasks polymostidition prospss)tie catalystadenctivatoyasiadded to the
phosphorus conpounds that are preferably soluble in

t he polyestar melt {ate suringdberosrss Al eelygeidensadionand before
and Sit vk . oY .

or®, SolicAbAELIRG Sl at) 8 i B} URAEBYELER met e
sol ubi thetgouwse lof the pdlysohdénsation rfaction adun ove or mareeof the

ot alpuiag onifions ave aatisiadpy tereqReiumd befaek spfidfication of

cat aljjsholgusted'ihaieed in the invention can easily be at
| east pgr ?i gﬁy %eact i vat ed, phosphorus conpounds

previously found to be less effective with antinony
O 2o Y e Wbl o BeioheStt Fedpg radhester
now be usedﬁ/gwrﬁéreornsémh g5 finalvéaRicst&fsbéforé Beutter for
i nventi on. reover, phosphorus
cutting the molten polyester polymer composition into said solid
particles; or
(ii) after the It.V. of the molten polyester polymer composition has
risen to at least 0.5 dL/g, or to at least 0.6 dL/g, or to at least
0.68 dL/g, or to at least 0.72 dl/g, or to at least 0.76 dl/g, or to at
least 0.80 dL/g; or
(iii) vacuum applied to the molten polyester polymer melt, if any, is
at least partially released; or
(iv) following at least 75% of the polycondensation time, or at least
80%, or at least 90%, or even at least 95%, of the
polycondensation time. The polycondensation time is the total
time starting from initiating polycondensation to the point in time
at which polycondensation is terminated or when the desired

It.V. is obtained. For purposes of measuring time, when the
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conmpounds found to cause an increase in haze with
anti nony catal yzed systens, such as phosphorous acid,
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of the present invention without acting to decrease
the brightness and to increase the haze due to

reduction of a netal, which, in the case of antinony
catal yzed systens, inparts a gray or black color to

the pol yest golyméH miR exits ties finan@lacestantome riuahy & released,
titani um cat al %(st of the present invention is not
i

reduced by e tinaldt-¥hissphigings evampthaned it i regegnized that a very
el emental fQr; ™ ' '

and as. cuch Mg 4t thlak Aoyt BEAs BibLh e Thal Bagor and
(i.e., to geagten@r. Therefore, perforns and bottles

pr oduced ing the titanjum cat al d pol yesters_ of

the pr esez‘{ witiB s éﬁ' dk/g. BF w&ﬁt%a-_z@rwa grwihin §,.93 dL/g, or
performs anghpi bloas d‘l?fgeof fh‘é"i’t.@/‘?bbf&iﬁ?!d %ﬁbﬁls\éﬁamcation; or
pol yester polyners. I n the conventional anti nony

cat al yst ¢viswihin alboutiz0 emmutes oy withtim 20amohudes omaithin 10

h hat ticl e [ h, t . tt
Pght ana camewtespr iy LRy Suiinies e Heloret
anti nony et gdjigih iffBRY phosphate can nucl eate

crystallization and cause crystalline haze. In
addi tion, when water is present due to inconplete

drying of ,the PET r,.addi tives isture sensitiv
nave can 180pEsPeff e ueBriaibl Brasdh K isRodaRtel it afer
t hat tHep polyestermétbebtaid An MANN of aft |aaiswnsoai|§? Y6t atdbast 0.55
the present invention is used at nuch | ower Tevels and

r esuPL4g, 107 34 Ieast V- 6@ dlis i atieant 0085 g/% ar atjeast 0.68 dLig, or at
part |e%ls‘?5. dl s 'op QEEASE P;';ngﬂarér 5“85%@.2?6%49, ?rh%tnleast 0.78

titani Umcat aryzed Zes nmu

conveilg, @nait least 0080 LR tamdymest Pleferablypwegardless of when the
crystallization fromthe nelt nmeans that |ess heat is

needdé@afiivatelisadqdag dhe pryullingpelymelj edindhemelinipse
Ito:r :’n‘; ﬁf‘aZufoctUPé Ha$ LRAE VP EPLPIEEEE 0'6ECEEEY St 1LAG ¢ 92!dLAG or at

least 0.76 dL/g.

In another aspect, the deactivator is added to the polyester melt
during or after at least the partial release of vacuum from the polyester
melt undergoing polycondensation reactions, or after bringing the
pressure in a polycondensation zone or reactor from a lower level of at
most 10 mm Hg or less or preferably from a lower level of at most 3 mm
Hg or less to a level of 300 mm Hg or greater, or 450 mm Hg or greater,
or 600 mm Hg or greater, or to atmospheric pressure or greater, and
preferably before the polyester melt is solidified.

In another aspect, the deactivator is added within a final reactor for
polycondensing the molten polyester polymer or between said final
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shorter and hence, the injection nolding cycle tinme is
decreased, that is, nore, clear bottle preforns can be
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melt is especially desirable when nolding thick parts.
The catal yst deactivator is not added along with the
addition of titanium conpound nor is it added at the
commencenent of pol ycondensation because it woul d

i nhi Radctéhand Befdritd cutbsitfor tlittingfthé meolke Pblyeetealpwrﬁer
and hence, the rate of polycondensation. It should be

not eBOMPSRPArNta $Rid sebEl Rarficlesp&sr examplenthedeactivator is
phosgpﬁé& Yo %quﬁwhd&ntﬂfn ACht tK% éﬁ’é&g é‘%jtﬁef 9#?%@55 reactor,

not %e a

cat an:te the distar’me betwesnchrsnlet 66 thmfeammmm;ate outlet is
If the catal yst deactivator is added. too

pol yf‘rgpl/%é’tﬁVﬂW"ﬂ)?éc{%%sa'Qsd'ﬁ@ﬂcﬁea’ whtmkﬂ“?qof\%a'%fi'sswe or at
pol yﬁqgc?;tliérhﬁ'@klrhﬁ t@%@\futfeft bftHd ré%fctér'%??é thCSe k8nnecting

reac target I'n a reasonabl e process
ti rrediré’uhlgsor msllrecthy the kst polycontdénsat teackori and a gear pump or

e ooy b R PR AR e e o
pept bé&hp%héﬁalr%i‘i@rplﬁé@é‘alr@fzte'élcﬂddﬁ' tbl d‘raderi‘FnélrtS hé Btlet or

melt to reduce the free AA content in the formed
sol i the beitoroeofdhe last ndhse:dmie@fsatl@n oeacthe arto@pipernnletto the

deacny Bebisonadpeatn (s Pel R knatly et By proximalto

cat ath@buwélacﬁtthé El?ééirpdly&br@%fnls}étléﬁ ré&dter, Woid| rle st thatlthe addition
t he ﬁxcl ycondensation rate. The additi on of the final

armou abpnd%wlthéuﬂ@la&t 78% arlgssiof saist reacten or wigh within the last

conp B ¥ |

pol yh r{e g g% of 18 rc?s#lkg %ﬂez‘lﬁ’af’% tﬁ% ?ée]trﬂi){" pr '??13 of said

fi naleagton nTh@bed@itagel caatbd Wler@e}&l@? heigh ror&bmﬂwd of the last

not be added to the polynmer nmelt in
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. The addition point
is deemed to be within the claimed percentage if a measurement by any
one of the height, length, or volume is satisfied, unless one of such criteria

is also claimed.

In yet another aspect, the deactivator is added to the polyester melt
following at least about 75%, or at least 80%, or at least 90%, or at least
95%, or at least 98%, or up to about 100% of the average
polycondensation time. The average polycondensation time is measure
of the average time elapsed between when a given portion of melt enters
the start of polycondensation zone to when that given portion of melt
reaches the exit of the polyester melt from the last polycondensation

reactor. The average polycondensation time or average residence time in
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the nelt phase manufacturing process until substantial
conpl etion of the polycondensation or thereafter. In
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in the nelt phase polynerization, by the final anount
of catalyst deactivator is neant the final anmount of
catal yst deactivator desired in the polyester polyner
exiting the nelt phase manufacturing process or as
appefid pélycondenidtiontzond catebe neshsured dyttrader 3tudias opf
catal yst deactivator may be added early in the nelt
phas®ag@l0gact uri ng process, such as at the initiation
of pol ycondensation or after the last esterification
reactor or zone, provided that a portion of catalyst

deacL i vat by anetbieef selpédmy"éé Heatfiveabr isranldeid tosthd gadydsieéemelt
in the course o o] ondensatijion qr thereafter but _ .

bef oWBeadhediYi el Pdﬁ;ﬁ%stemeéﬁ 15 R AR Jeflda, Ofgithin 0.05
n‘axl . 0 I o . r .

oy oS OF N0 11050 Y LraRiinlo.oF SR kU3, WAl 6,095 dLg,
t he obt@Eirediipoheolidifieadtjon. Hoaexampleythe pobrbstat melt enayhave

t he el t. ,phase nmanuf uf,i,n roces I n. another e e
napett et fabadd G /g Befiw §38 BV bt&Kd Hap splidfcation,
el t oPRRBBIPRAVETBAIIEG! tH iPEBEE56.10!d19g @BbREXSE It.V. obtained
deactivator is added to the polyester nelt late during

t he upanselidificativrycondensati on and before
solidification. The catal yst deactivator is added to
the polyester nelt late in the course of the

pol ycondens gét &otheraspédt, ticdefitivalir isRiddeditotthe polyester melt
follow ng conditions are satisfied or thereafter an

bef ofkapeintarithia aboyh 3minkéeser lpsst e witeint20 minutes or less, or
wi t hif ' f '

oot B0 0 BAuisS 8 85e ! s RRLUESTISAS, 29 & Bl Kl of
bef ogelidifying tre pdigesternielh gThéeolidifitatiorpof ftespelyester melt

pol ytrg/%rica(il?/ngc%iirst Lv%gnitﬂteomgl?iisdfo?gécli 9hrough 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 cooled

below the crystalline melting temperature of the polymer.

In yet.another aspect, each of the aspects identified herein occurs
individually or in combination in, for example, a continuous commercial
manufacturing process where the throughput of the melt phase process is
at least 1 metric ton/day, or at least 50 metric tons/day, or at least 100
metric tons/day, or at least 200 metric tons/day, or at least 300 metric
tons/day, or at least 400 metric tons/day, or at least 500 metric tons/day of
polyester polymer in a steady state operation.
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particles; or (ii) after the It.V. of the nolten
pol yester polynmer conposition has risen to at | east
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dL/g, or to at least 0.72 dl/g, or to at |least 0.76
dl/g, or to at least 0.80 dL/g; or (iii) vacuum
applied to the nolten polyester polyner nelt, if any,
is at least partially released; or (iv) follow ng at

| east 75%Tbé rebetigotireooitbesnelt @rmni anet.Voof atbodtemao dL/g
80% or at |east 90% or. even at gast 959%

pol y%ﬁHQh@ijl Yhta andt.V1iRdhe sanee phehieast Bho‘t?'i Qf§8|d§Jg to about
the haysh %Ely ot QHD'rﬂi'nﬁ.J'té’ia‘I bt”lgss\l\%‘}% Emnutes or less, or

polyconden atlon pol nt
pol yt80adeinates amess, d>re15® manetésarr let&amrﬂl?@ rméuitesdr less, or 90

It. V. bt d . f ipg tine,
whenMRES 5 ders. 550 TS O 1%, 1T e Bifes siBtede the
Vacuygeddim #pphad ssl. fof E?aﬁip‘l@'bét@ve}a{n abdu bt Q'a‘h%dat?d/lﬁrﬂ 0mm

though it is recognized that a very mnor It. V.
or bHgamertiaynw@ltmrebsthﬁéweenhf@rfeuample mm&ﬁe to about

tt o t hi
o' 885 1f Bhhe HshBEE the target 1V peRfedh BBol 0 83%ng about
t he bio2dL/gBririe Eatdgst deddtidiatibs atl"h@as;%ct Gs/bémwlﬁatme with
about 30 mnutes or wwthin 20 m nutes or wthi

m nu@ey obthenpther aspeatsrdesctibed hgreli.n 3 ni nut es before
solidifying the nmelt. In one aspect, the deactivator
Is added to the polyester nelt after the polyester

mel t obt alThe quantity f pﬁésﬁiorhsmt‘nrfb@ﬂ 6t other c@lfalyﬁt deactivator
| east 0.55 dL/g, or at |east 0.60 or | east

0. 65used d jiyythig pr%qeqsegggﬁegtm% tQ) pvgar tae aéj@ount of free AA generated
upon melting the solid polyester polymer particles produced in the melt

phase by partially or fully deactivating the catalytic activity of the titanium
compound residues. The amount of free AA generated upon melting the
solid polyester particles that can be tolerated depends on the end-use
application and often on the particular beverage brand owner involved.
Preforms used to make water bottles often have lower free AA
specifications than preforms used to make bottles for carbonated soft
drinks (CSD). For example, the maximum acceptable level of free AA in
CSD preforms may be about 9 ppm, while the maximum acceptable level
of free AA in some water preforms may be about 3 ppm. Preforms
intended for use in both CSD and water markets, dual-use preforms, often
have AA specifications similar to preforms used solely in the water
market. The quantity of phosphorus compound or other catalyst
deactivator used in the inventive polyester polymer depends on the end-
use application and/or beverage brand owner involved. For example, the
targeted phosphorus to titanium mole ratio, or phosphorus level in PET for
a given Ti level, may be higher for water or dual-use applications than for
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| east 0.70 dL/g, or at least 0.72 dL/g or at |east
0.76 dl /g, or at least 0.78 dL/g, or at least 0.80
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deactivator is added, the resulting polynmer exiting
the nmelt phase manufacture has an It.V. of at |east
0.68 dl /g or at least 0.72 dL/g or at least 0.76
dL/g. In another aspect, the deactivator is added to

the pSyapphcatiorst Since fgeqrdditidreof @étalyeadéad:thtator can cause
partial release of vacuum fromthe pol yester nel
undeftg}él ags. 5BP3FB'6HBBWS%WPHW Pfe%iﬁthﬁéor Ressile éF‘OU'd be added to

) By BRI Aok KOSy SONEsftgton. T

or pttaf . dosdfrpnt latenaddltmmf 8584 gdhosphatic aoist lsigreatelﬂgham that
Iesstoal Hg _or greater,, K or 450,

oFiof &neab pheBehale wgslsr 5rm praccal SaniRRib b ur loss has
pr eS§LH 2ive Gpakeon pROdoR KD |y allitioh Saf ine point, the ItV.
pol yest melt is solidified. In another aspect, the
deactossanay start indeidering withrithe AA behefittas adowenht. V. means more

I d b
ot AR PLE b Gt BresRany 83t iR AT AR PG U rES to form
nol t gA_pol yester pol yner conposition into said solid

particles. For exanple, the deactivator is added to a
| ocation within 50% of the distance to the outlet of

the roact BngdREcRu R T bon 5058 B LG BFriaEndsne
sai dnilhiphneenort ofl ddictivatdipoksibie ghduldtmnaddedto athiave the
| ocati on proxural to the outlet of the reactor, or to

a pi fRoetachisee Afylevel wctheypast fqrrﬁjgweetanphpmom alfy some cases, a
I
po yﬁgﬂﬁgf‘?ﬁﬁb {ind Qﬂ{eté’Pg ;?hé\ggtﬁéét nr%ﬁr&?i{}&@r n acidic

provi tive fo rlve rou
di e pbaipouhdl Iﬂcmphos;ngtwa@dngnven(qua}befféstmﬁrresstaidowenng

back _to roximal tao the outlet aor ,the bottom of the
| ast TEBIAA ONGEREAMA, IALIEAUANttiES QfphoSphRRCiagitmayPromote

the corrosion of pumps, and reactor vessels if the equipment does not have
the proper metallurgy, such as titanium or Hastalloy. On the other hand,
phosphoric acid may be more economical to use, even with the corrosion
precautions, and may result in polymer with better sensory properties.

The quantity of phosphorus added late relative to the titanium atoms
used in this process is not limited, but consideration is taken for the
amount of titanium metal and other metals present in the melt.
Compounds of metals other than titanium also react with phosphorus
compounds. If, in addition to titanium compounds, other metal
compounds that react with phosphorus compounds are present, then the
amount of phosphorus compound added late is desirably in excess of that
required to achieve the targeted P:Ti MR to ensure that the phosphorus

compounds react or combine with all reactive metals present. The ratio of
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| ast pol ycondensation reactor that is proximal to its
outlet. By proximal to the outlet of the | ast
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addition location is within the last 25% or |ess of

said reactor or wwth within the |ast 15% or |ess of

said reactor or preferably in the last 10% or |ess of
said reactor. The percentage can be by |length or

hei ghioles of/phosphoriis Gtembas mgles pwmdmumaatbms ise@sirably at

Preferablythe ercentaelsb | eng or height._ The

st 16361 Dy haREadparidhg: hoT arlaamOobdy Oy at (Beb O 4 O at least
neasuyrse fromthe | ast pol ycondensati on
reac?jgrq’s%gﬁé;ﬁ?% ‘The addition point is deened to be

wi thin the clai rred percent age if a nmeasurenent by any

ft h | fi
O ess orithriobaus havanna Hat 4 PHl R AR s SuiBbla, and no
anot fjg {) ePSOR is éﬂ&:lﬁ&ﬁ%ﬂg\éaéﬁeseés 6?’@%65@%?&% compound may
6

pol yes melt followng at | east about 75 or at
| eascaW/exmssme Itélaslossao%omra practiealsstandpeintdt. Wt loss has a

pol ybBaaIR Sinait o ddtitiot 396, harbl 3L ahEiRde tgnioh levels

ti Wcaﬁly&aeabﬁval&r FHuiRYiord &.V.I toebeebaissibrigtatRiftion of the
when a g ven portion of melt enters the start of

pol yed deartivatebnlt somgnreint, ﬁla@ gV viess pray signt ipterfering with
Pg; trleoﬁé eﬁhcegg ggﬁ({g&veqflt {/h% yrﬁgFeeh &Fg)é&e{hwgha IEﬁ“oups that

f eact or. he av

pol ye@hdeaaavutmaemalmrprama@etdfe&mdeme tinme inthe
pol ycondensati on zone can be neasured by tracer

studi es or nodeling. In another aspect, the

v, of At befdGpp b BlalCadiiof br 2osReflg pongound. i

or Wist ﬂmeferﬁed)mailthé @hosphmushbmt@mﬂﬁﬂntdle katio or thei pdlynmer be
0.02 of the It Wlt |n0015 dL obt.ai ne B
sol | AP QW ASiRASSI @reﬂoﬁé"mrﬁﬁ éPaﬁ'EF‘{mM enefit. A

havenonzero phosphorus to tltanlum mole ratio in the polymer at the point prior
to late addition of a phosphorus compound may still result in a lowering of
AA; however, the rate of decrease in AA with increasing late phosphorus
level will be slower and the maximum decrease in AA will be smaller,
especially as the level of phosphorus added early increases. That being
said, the ranges of phosphorus to titanium mole ratios stated above are
formulated in the case where the phosphorus to titanium mole ratio in the
polymer prior to the late addition of a phosphorus compound is less than
0.1:1 MR of P:Ti, or less than 0.05:1 MR, or less than 0.01:1 MR, or less
than 0.005:1 MR, or close to zero or zero, of P and Ti added to the
polycondensation reaction, and preferably of the P and Ti added to the
melt phase process (which includes esterification or ester exchange

reactions).
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an It.V. that is about 0.10 dL/g below the It.V.
obt ai ned upon solidification, or it could have an

Wdzﬁmﬁﬁsoiﬁat is about 0.10 dl _/ g above the It. \I‘CT/US2008/006163

10

15

20

25

30

obt ai ned upon solidification. In yet another aspect,

the deactivator is added to the polyester nelt at a

point within about 30 mnutes or less, or wwthin 20
mnutes or less, or within 10 mnutes or less, or 5

m nut es olt i ¢esirable t3 addthiecsatalyst dsactiviatsoheat] fhet g without
t he g_g'ltyest_er_ melt. The solidifiéﬁéoi on of the . .

pol yEuthar digtion sysheas iR theceagesolfret arHBorR:phosrhoric acid. In
forc ' j 6

|t o e PREPLT ity otk BB 1b M ractBhorbl A8 Cafdls:

nmel t deacfivgtecsolventar dikeknt @ind the rpollybste apalymies melhntdyebe
broadest sense, saqlidificati.on.occurs when the . .
{enpBrdHGete ARETREVEIK § ATl |8 Yo BAButseR Srprerilute solution
Cryshthiaft BRhklivitof, ARty Hat tha tRe!caffr is HonY&ictive,
anot her aspect, each of the aspects identified herein
occuthatiis,dlodsonet bhreal thé maleadianweight polyester pelysnesineelt nor

a continuousg .comer¢i al n turin rocess where

e Mera A Sateralin’ et At BloBHel, SFech Ahdlden

et r holéQNaPREig PET at&RAbWAQ0 BREAK the palghféfnch_am. Af the event
| east 100 netric tons/day, or at |east 200 netric

t onsthatjhe eatalyst/degctivage isrintiadyced vdthuadilugpt ak solvert that is

o pErayalvEbRES R HinLE arp G or3p8 BB atrg R R e an the
r eac hsSociateElt.¥f. Idsseareekriovin, the anelt-phise procassutardbd @arried
dL/g through and u n the rang

S pubmedh that dte 1R/ Mang betors the, catmlys! deagivation, is higher by
f j i .
Peos HEAELRPAHI L 10sTLRbEGRA Y thiBfhe GHdethV! CaiPbElachieved.

or 120 m nutes or less, or 90 m nutes or |ess, or 50

m nutes or_| ess. ring the tinmes, stated, the vacuu )
nopli ed | OnasfesalimREmalee abneia i ot o Hadsisgidearee, it

1.0 [§%ischarged from the final polycondensation reactor, in this case a

finisher, to be pelletized. A gear pump may be utilized to facilitate
funneling an amount of bulk polymer through a conduit to exit from
finishing vessel. Prior to cutting the molten polymer, and in another
aspect of the invention, prior to exiting the melt phase final reactor, it may
be desirable to combine the bulk polymer in the melt phase with a second
stream that is a liquid (which includes a molten stream, dispersions,
emulsions, homogeneous liquids, and heterogeneous slurries). In one
aspect, the second stream may be introduced into the melt phase process
at any stage prior to solidification, for example, between the entry into the
final bulk polymer reactor (such as the final polycondensation reactor also
known as the finisher) and the cutter. In another aspect, the second
stream may be introduced after the last half of the residence time within
the final reactor and before the cutter. In still another aspect, the catalyst
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Hg, the tenperature is between, for exanple, about
2750C to about 2850C. In one aspect, the target It. V.

wol BoPghygen about 0.82 and about 0.92 dl _/ g piicqfuskévs/ 006163
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cat al yst deactivation. This aspect is conbinable with
any of the other aspects described herein. The
guantity of phosphorus conpound or other catal yst
deactivator used in this process is effective to | ower

t he deattivated mayde dAddgbtethet ssbombstrearhttheg thd treated second
pol yester polyner particle roduced in the nelt phase

by paiFeam !ngroevcedfheybwlgaﬁye?éﬂ RelYMRE reaktal yti c

activity of the titani um conpound residues. The anount

of free AA generated upon nelting the solid polyester

parti cl esTheahacrer ihavhioh ¢hesedodd sardm isrintrbéueetﬂaudéhe

s Sae it B8 Seppad Batil SIkarh s nRE ioteds B0 saarrle Tt may it
of t ep Ay db&irssle td %aﬁéna%ﬁltﬁér?aﬂg p}aéewarpd?ﬁ&ﬁ ef H’)%Ilp

used t0 nake bottles for carbonated soft drinks
For sixeampl dn qrieeasmeqtrmsiuastrepnabf polymes imelt nfayetae withdrawn

e cTOubie rayesehbopms Rt BBThelll ufchiBetl il final

be aréa&orSprﬁmrfb Joligffieatisn Mhenstadlyspdeastfvator Malyth&SBe added
and water markets, dual -use preforns, often have AA

s pecta theasliposteeam mndthettreated isbipratraase (.44 ehe secqrudestream)
o ol BB Bhp el O A4 TR o tne

pol ypﬁlyeéteﬁ'(iiOWl‘ﬁér dﬂk&@dﬁﬁscﬂ&r@é@ﬁ@hﬂt}@f@@ﬁéac@n dm another

and/ or beverage brand owner. involved. For exanple, the
t ar g@SRRFtpl 6‘3%6? @esirgble; todntradie® aesqosnﬂostrqam into the f|n|sher

phosg{pg{]gﬁ alneéﬁg udel ofa] L‘;rﬂé 'e%ﬁe frdm a6 cﬁlhrce i @Hent from

hi gher ror du Icatrons t
appl ocatheottisan fhebelk! pajlyfmeddrdsdunedah thatraély phase process (e.g., a
deacti vatcﬁr can ca | oss, the m ni mum anount

of dBeN a?'éffn%@gPBF%a%tH&&l d be added to

Immediately following the finishing reactor and before pelletization,
the phosphorus containing compound of the invention may be added to
molten polyester and blended with a static mixer or any effective mixing
apparatus. Alternatively, the phosphorus containing compound may be
added near the end of the finisher reactor. In either case, the phosphorus
containing compound may be added neat (without dilution), in a slip
stream of molten polyester, as a master batch in polyester pellets (i.e., a
concentrate) or in a liquid carrier. The polyesters according to the present
invention can be used in forming a variety of articles including sheets,
films, tubing, profiles, preforms, fibers, woven and shaped articles, such

as containers, and thermoformed articles such as trays and the like.

46



achieve the targeted free AAlevel in the part for a
given application. The It.V. loss fromlate addition

wohogi¥ssphosphoric acid is greater than that fpc@nmse0s/006163
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neat phosphate triester. Froma practical standpoint,
It.V. loss has a negative inpact on production rate.
In addition, at sone point, the It.V. loss may start
interfering with the AA benefit as a lower It.V. neans

mor e hydr gxgabdther aspecytioel patalmtdea@ﬁvateaehd\dthér compounds
certain AA precursors to formAA. |If the deactivator
is cé\d?'%@ﬁ Y mh'batersegale@ram (eheat adgives may ba@dded into a

m ni ﬁfﬁ%;

to ac eve t he afrrge ;;/&lgé’ét e{/%r%rﬁn |eﬂ’ptztial%(rétfﬁ]%gr

a gi pelycapgénsationoreactor aruhthectasated raeihstreaai recirculated back
conpoun I ke a phosphate trjester, | referred over

an et EBAFsaRte aate BALRABIS e sttiear i akgdrom the
ef f epjdiamasSs arlncé’ﬁt‘ir\ fhe fire4t réé\ctoFoﬁn?)@f@érea rﬁ&ﬁﬁ@ of these
quantities of osphorlc acid nmay pronole corrosion
punpaddiines nmcbelcomtamed in the seronebliquidnstreannes not

have the proper netallurgy, such as titani um or
Hastal | oy. On the other hand, phosphoric acid may be

nore econReGRldifivesineiu fhé"bétﬁlfsh@eﬁ@ﬂ'\fdféﬂ ﬁﬁ% be added to
precautions, and may result in polynmer with

senstgmeitepdrulk eglymerestmmma g sdjpstpmmfdntngdu@mbﬂom a

or oc 165h 3l 55 akpibed BRbYE AU ARy 5r aMeMtbely. ausoli
the agoitivé rmay betztidedfromtasolknddaiting rsupEtya}e“sser st slip
in the nelt. Conpounds of metals other than titanium

al sostream: AddiHonalqyeressing @snirmARk such asian adaiderpmay be
tot %ﬁﬁ?ﬁﬁpﬁ%ﬂiﬁg%ixﬂ{ fHle %Eﬂfdaédéiﬁ\%’ ﬂﬂggﬁp {sﬂ%tﬁrq.hghe

reac ospnor us cormpounds are presen
anousktrademrinay sy servectogmrovideaatt additiohal amodatof miding to the

I e)s(l?r? gtsfegrfn. t'H% 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 to the slip stream as it is enriched
with one or more additives. Optionally, one or more static mixers in line
with the slipstream line may be employed to process the slip stream to
provide an additional degree of mixing as desired. Thus, a treated portion
or additive enriched polymer slip stream may be generated and returned
to the finishing tank for reintroduction into the bulk polymer flow. If
desired, the additive rich, or catalyst deactivator containing second stream
may be returned to the finisher tank and distributed therein in any suitable

manner.
Deactivating the catalyst late or near the end of a melt phase

process can result in polyester particles that, in the absence of adding an
AA scavenger (e.g., a polyamide AA scavenger) to the melt phase
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required to achieve the targeted P:Ti MR to ensure
that the phosphorus conpounds react or conbine with
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phosphorus atons to noles of titaniumatons is

desirably at least 0.1 5:1 , or at least 0.3:1 , or at
least 0.5:1 , or at least 0.7:1, or at least 1:1 , or

at least 2:1 . Although we have found that a P.Ti M

of 2processwhidhl iaciualed extetifigationtandgolysongensdtion), generate
| ar ge excesses of a phosphorus conpound %cau_s

excel@SSAA AUINg SubseaueRLREl RipaRtsIea than Hig paililes would i the
L Veatahit JR3R6(atBP AR it beRR%dqe Wit 28drioR o2

Lar ge osses due to hi evel s cata
deac phusphworus egm paund) tikanium\catatysbsydteimst car pmduce polyester

the POBERrtcing vl Kiteri AR Seneftiy wates DATuP liester polymers
benefiddeanitRoltahB preserce BES RatdIPStBevator & [pblyedfiéts made

groups that can react with certain AA precursors to
f or nwith.comventienalantimomys catatysts thas aratos ase daiot simnilasty a

h h it i f d th t
Phos prartieted BN a phasPuBRE FnPRubfeMePEd atgesugh as
| ow prefBffis] Mg -halBilswer eeerfRisldeApdé eveldWheRrhad&from
AA benefit. A honzero E)hosphorus to titaniumnole

r at i polyestei@ohanereeeatatyzedoyifantunp catalystsystanas and with a

| oblPPRieryR RRRRRIL 0SSR T8 1hh Wherhaip £ Bolyesfer
W t hpblyefers Datglyzed Byphesahw sgstervislt with holigtesddditisn of a

and the nmaxi mum decrease in AAwill be smaller,
es peEhﬁFH’@Pr% CORPQUAFLPT Wf‘eBH'B@% foms pQWGé'EFre%‘YTVerS catalyzed

o't PR ConvERBbnaraftingAl Cardins 1ha0A%E i€ hoP TR diactvated
t he tas evithha phospisonusashpoursd.t With kate additionl of a phosphorus

o BsPas A e o Bl S b sy,

| essnbliasbdiitdie td olRin Y pbigestet BafyrteMPartitidhaviig [fw free AA
levels and an AA generation rate low enough for use in water bottle
applications without the need to add AA scavengers or other AA lowering
additives.

In another aspect, there is provided polyester particles and
processes for making such polyester particles wherein the polyester
polymer melt exiting the melt phase only polymerization process is not
treated with a catalyst deactivator or catalyst deactivation step prior to
solidification. In this aspect, the solid, untreated polyester particles
obtained from the cutters or particulators is discharged from the final
polymer reactor, pelletized, and the catalyst deactivator added to the

solidified polyester polymer particles during a subsequent melt processing

48



than 0.005:1 MR, or close to zero or zero, of P and Ti
added to the pol ycondensation reaction, and preferably
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i ncludes esterification or ester exchange
reactions).It is desirable to add the catal yst
deactivator neat, that is, without further dilution,
such as in the case of 85% or nore phosphoric acid. In

t hi ssepp@ecd., ab laefebt.iMo thesinjedtion insolting meghinearsed to melt and
bet ween the catal yst deactivator sol vent ?r di | uent

and ?%U%F%QP@PSMIWe%Pﬁ'Cfﬁy‘”%arb@&&@be.form-)
Alternatively, if a carrier is used to provide a nore
dilute solution of catal yst deactivator, it is

pr ef er r ed It habthehaispebeotctherineention, hlue pelyesterqolyrhet is treated

ool WO R et et B St 5] B33 lestea e
al COE@ﬂi&ﬁ%étldfmltﬁ PYdck8¥RiedTr HtH Acolidiind, BEWitAISholymer,

known to break the polyner chain. In the event that

t he omaayygemhiratian thereof, te deactivale thel catalystasugh agnt

or solvent .th is.reactive, once.the. m ni num.anqun

of ¢ RuBERrainghe BTG AR PERie L s APERTBIE hot water at
| 0ss aaempensiife ahiSoNBItimd Bfe 6tV REGSHctivate e atalysedfter a

out such that the It.V. nmade before the catal yst

deacstepaef salidificatinn §ram thy meltphassistagerfor making thespolymer.

Eho” Eof Srdfheid el e PRt dmEr s SBsRiles ey B
degr eenveértional téchriqueaedr by am uriderivaterlcutting technique, and the

pol ycondensati on reactor, I1n this case a finisher, to
be peplyewrzg,fanul@Sgﬂsrsqﬂaﬁt%fyornéhawate&Mhﬁgranulatlon process

faci Eh&ﬁ%cﬂ?féﬁg% bpﬁlg% r br Qf)li&“&g Ra'p%‘"{%‘%""%@ 19%Hbt water

a conau (el I Ng Vess
cut t tregtrhént, suth @s at@0/Teor, mane forBGaminlites crsperet Sihce the

the invention, prior to exiting the nelt phase, fjnal, . .
reacfdid Yﬁtt's Hﬁ?gtﬁ@t%‘éé’i' Fr!ﬁ)m?"t AEHICRES? °§9Mhe addition of a
Pol yBBfalydl deatitRbl (€825 phibsphdtus @ofipbund) to the polyester

polymer melt, there is no need for further treating the polyester polymer

after solidification to deactivate the catalyst.

It is to be understood that the melt phase process conditions and
reactor configurations described above are illustrative of a melt phase
process, and that the invention is not limited to this illustrative process.
For example, while reference has been made to a 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 melt other than
as stated. Moreover, one may adjust the process conditions based on
reaction time instead of measuring or predicting the 1t.V. of the melt. The

process is also not limited to the use of tank reactors in series or paraliel
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streamthat is a liquid (which includes a nolten
stream di spersions, emnulsions, honogeneous |iquids,
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stream may be introduced into the nelt phase process

at any stage prior to solidification, for exanple,

between the entry into the final bul k pol yner reactor

(such as the final polycondensation reactor al so known

as t dmetof thei useeof) diffeceritivesselstfer eatim zanet INor isitpetessary to split

t he dst am may be .i ntroduced ter the |
hal £ (NSTPRINEOTARNTRRBECAFIRN (Tte SrepabmeT2ans and aginishing

anda?&s §g% ﬁﬁ% é@lgaor'ngb ig(lg J@?Eﬁ&%aﬁ%’l@éblacbhﬁ one

cat o the second stream
t henpollyeomdemaamnsreaotui with miatiqnslodlpeeatlmgl eobhditikns over time
pol yest er the s

Db r 28 & SR afdRators reS iR Aithebin' S hateth Sam DAEh, or

|'i qugshtiriut@Progesot |imted. For exanple, it may it
may be desirable to treat and additionally process a

portion of a slip stream In one aspect, a slip stream

o, 2oL e Ty e B AR 5458 g demroe

r eacthey mplteApolysin péllinet i thmmeTﬂ‘;ﬂwab%t iRlaxgedrs is discharged as
deactivator may then be added to the slip stream and

the @ rn@%!t phase ppo%uq*@m qqldme&i withowt the aslsition ekam)
t hen e poyrc]i?dﬁc%?rghgéptot e ;%dgrl%l 'f'ﬁé’]f:t.&{/ohﬂgﬂ the®dition of

from e polyes nmer- el

di scaestaithydenscavenfersais desaabty be¢auwmétaldehyne@cavengers
be desirable to intrQ lﬂ% e a second streamin

thengrqmqtb'ra%my e EpsronsibiBdor Beraas el FRRhat the
fr Tb8y8gtr i Cyerggﬁeﬁagg%fn{gqug cObP&ftef Rﬁi(hg_; Bt P,

pol y in t ase process
secoespgmaljynwhendhe meamtimcpmdu):t bffredifsk ahg tlhelsbavemgpr is

bhosSRIBISR Rane &hstyefibins Sananerharapfibish Yoty ssies. the

addegffé&tiveness of a given amount of scavenger at lowering free AA may
suffer when the scavenger is added in the finisher in a polycondensation
zone where high heat and high vacuum are applied. Some AA
scavengers increase the amount of black specks in the solid polyester

particles and/or in subsequently molded parts.

An acetaldehyde (AA) scavenger is a compound or polymer which
interacts by physical forces to bind acetaldehyde and prevent its release
from the polyester polymer or by chemical reaction with acetaldehyde to
convert acetaldehyde into another compound(s). Rather than preventing
the formation of acetaldehyde precursors or the subsequent reactions of
the precursors to form free AA, the scavengers operate by binding to free
acetaldehyde or by converting it into another compound(s). The net effect
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nol ten pol yester and blended with a static m xer or
any effective mxing apparatus. Alternatively, the
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end of the finisher reactor. In either case, the
phosphorus contai ni ng conpound nmay be added neat
(Wi thout dilution), in a slip streamof nolten
pol yester, as a master batch in polyester pellets

(i . eis that tenaestaldsrydeds nolloAgét pirgisent er ho dngefrevailable to
polyesters according to the present invention can be

Do edMiarate oW A asolidmobester bafticlecra@olded Ratng

sheets, films, tubing, profiles, preforns, fibers,

woven and shaped articles, such as containers, and
thernofornmed articles such as trays and the like.In

anot her a‘&pﬂatdehtyde sncaVamgens atedaowratocthoaa af skillen the art.
conpaunds ,suc itors 0 or

oo BRI oyite BaMes SHEE as 1Bost AbRiselin LS, Pat. Nos.

the poSysoeel4 1310 53625812831 UIY BEE, 1f15nahd US 5,650,469,
pol ycondensatl on reactor and the treated nelt stream

reci polyesterantides such estthese disgloseddnibb. eppb@at@mSehtNo 595,

ot 1 cARPCBAT A B ISP, biioh 2 B HREL o MERRE solE e ugh as

of t bsese didelobed &% JEPAN FRatéRABHIRREioh'SHA1625182068 (1987)
liquid stream The additives includi 3\?9 the cataly

deacethygradiamineletraaertic agidi(keSnBat &¥p. KuB%7 461 yrﬁlkoxylated
' f
L L CREVEIUE S Pl b APt 330 AT HAbR i8R bheny)

al t esofdney U)S. RatsNoi 4 :mmﬁM)vzem dww;a@lm (fU SmPat. No.
solid additive supply vessel 1o lip stre

Add| i e 963 &@ygws@@mwmc'dgu& %%t Mo éxPPécﬁ?ﬁ)
Qﬁe&@ﬁ'heéﬂe%rwnfd?&lbét(ﬁ ﬁ PLaX 1 N8, dé BSQ%Q'?‘ zf’nd U.S. Pat. No.
nto The ex

addl e | stream tru SO Serve
to p4d&ﬂ4d32&)ramﬂprdtonnadcn@natahystsf(Utﬁ >d?athoo4t4Aa7 595@and U.S.

stre tr

o1 | pBak Al g2 g5, andrnéaroft wel kndvh acslivenyde eraveners

Or  NBFEhBRiD AP LoPSIFanTHEPsuciys PohRcaprolactam),
poly(hexamethylene- adipamide), poly(m-xylylene- adipamide), and any

other compound or polymer having an active methylene group.

Some AA scavengers cause a yellowing of the polyester polymers
and of the bottles, containers, or films produced from the polyester
polymers. For example, polyamide homopolymers or copolymers
including those described, for example, in U.S. Pat. No. 5,258,233, U.S.
Pat. No. 5,650,469, U.S. Pat. No. 5,021,515, U.S. Pat. Appin. Publication
No. 2006/0148957, and U.S. Pat. AppIn. Publication No. 2006/0180790,
incorporated herein by reference in their entirety, are AA scavengers and
may impart a yellow color to polyester polymers when incorporated in the
polyester polymer and exposed to melt polyester polymer processing
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be enpl oyed to provide notive force to the slip stream
as it is enriched wth one or nore additives.

wo0bd/ 0S| y, one or nore static mxers in |inecidddodsiesiss
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slipstreamline may be enployed to process the slip
streamto provide an additional degree of m xing as
desired. Thus, a treated portion or additive enriched
polymer slip stream nay be generated and returned to

t he femperaturgst Suchfarie oemure pdlyanmide horhopoligmelrs bk

polymer flow If desired, e addjtive rjch, or

cat aq:%qur@sa%maya%ﬂeegﬂz%é R@rﬁ@ SECRIN @SsPoBAmifa e
retugaelbiq@rd e finisher tank and distributed therein

in any surtable manner. Deactivating the catalyst |late

or near the end of a nelt phase process can result in

pol yester_particl.es tha i.n the absence of adding an

AA ScavengBr (BN gPOMIAE A SRYCRRCE IS HsRIS eI Iehally, and
el tin@hﬁﬁ%ﬂheséﬂﬁat(ar’elrmnbww@e@, SPorhéisC AndaBrptilgmers, and
pol ycondensation), generate [ess AA during subsequent

mel t maydueptsipaged byrreapting arcarkoadicwasid funationatized monomer

a4 8n 28 RARhC ReRorRE BT SH T BN tninG fobcb Siizec
Syst RithobRsT (B PdH eRaBiNey&5thpouRd), Yidly g dther RRowhtriethod,
| oner AA generation rates than pol yester polynmers nmade

wi t hegh aséhipugbdaetams, usingaming acideaet avidt@yorides reacted

pol y . e . \W i ant |
Fhas W ZigRS hiorm S HANTRE 5 br B R ia A S
phosirieiges betwieenrttie Mibhotadr residses. sTihe padyamieeds tgpically a
may have | ower free acetal dehyde | evel s when made fraom
pol yEaNdam pelypmef suchuihat thesenanpmer WitisUm thePalyraer chain are
SySt . Al en :
o TR AR RS T REROH bR B PBYAmce
sanmeAsysdavengel” as used befeit alsidictudes low moletotgrhveeight
conmpound or, vvheg made from pol yester .gol%mars . .
cat apgly@a'ndes and oligomers, and may comprise, for example, a dicarboxylic
acid monomer condensed or end-capped with two monofunctional amine
monomers. Similarly, the term "polyamide AA scavenger" may also
describe low molecular weight polyamides comprising a diamine
monomer condensed, or end-capped, with two monofunctional carboxylic

acid monomers.

As used herein, the "carboxylic acid monomer" is typically a
dicarboxylic acid monomer, but may also be monomers of other degrees
of functionality. For example, the carboxylic acid monomers may include,
in addition to or instead of the dicarboxylic acid monomers,
monofunctional carboxylic acid monomers used, for example, to end-cap
the polyamide AA scavenger, thereby affecting properties of the

polyamide AA scavenger, such as the molecular weight and dispersion in
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by a conventional antinony catalyst that is or is not
simlarly deactivated late with a phosphorus conpound.

wobbghshsde addition of a phosphorus conpound tperi800s/006163

10

pol yester nmelt catalyzed with an titaniumsystem it
i's now possible to obtain a polyester polyner
particles having low free AA |l evels and an AA
generation rate | ow enough for use in water bottle

appl 'trcmpblynﬁer\médiwUMdrimenéteefdntmrmtldeAMﬂcmoeéglearstwm
ot her Iovverl ng additives. In another aspect, there

i s pFathox¥tc Bﬁldﬂa’@tl% My Alsache soBdensadhinéa she pplyamide.
maki ng such pol yester particles wherein the polyester
polymer nmelt exiting the nelt phase only

pol yner i zatkewis@rtbed'amine nmariorhegds &gpivaliyha diaraingl mehomer,
deacbl vat or or cat al st de é'le vation st prl or.to

sol i BHFM@Y3len b el’HOE‘ Neraspe ’dteﬂée%%P ”CEIHF?'étXt &Qr

pol y@ﬁéﬁglep%é laphiRe &Hﬁdﬂlﬁ'ﬁ maPRcidie, %”’aHSftﬁn% or instead of

particulators is discharged fromthe final polyner
r eacti@minpahoreinges] manafunictionaltarhinet mapantery ased, for example,

dur  Thyede-candBE ey, A8 SaNcSonh HruEBy dtfeting grdperties o
f eedthéb@lyhhﬁ’dé ALESEAVRIhgeR)] Q!d?gamhfbﬁ’eétﬁﬁrdwé@hﬁhb
and extrude the pol ester pol particles into a

bot t Hispgrsipnimthe palymesttiend.a & funetionaligediwith more than

doac O STIDE grfihe R Ae el kb €' Rathise.pa

af t esca@rigdrito rapamrcrosd-lindingr ocess step, or with a
compound, or with apolyner, or any combi nation

thereof, to deactivate the catal yst, such as

' subnerging the pol yester polyner particles in, or
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exposi Ng §Pon g gtﬁflﬁ{/?ﬁe ﬁbh%nglg i yg vaﬁ%ﬂqs aorreaﬁtl&? BFoduct

effectlveto at e ste
sol i dofmaddahg @amitie onoieties nereferabhsia art agwuind of ataleasgSO %, or at

it Igegre%l% ?Q{"/’edolzp é)hlgé%ggb E‘/y o?tﬁee lin talb%sp?é %Séteﬁ{edo ¥he general
formula:

O H

based on the total number of condensation linkages between the
monomer residues comprising 100 percent. In another aspect, at least
80%, or at least 90%, or at least 95%, or at least 98% of the linkages
between different monomer residues in the polyamide polymer are amide
linkages, based on the total number of linkages comprising 100 percent.
The number of such amide linkages present in the polymer may range, for
example, from about 1 to about 200, or from about 50 to about 150.
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conventional techniques or by an underwater cutting
techni que, and the polyner granules are separated from

woldoes/wetsar i n the granul ati on process and i solpgtrack20dsi®s163
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pol yester polyner solids are not subjected to a hot
water treatnment, such as at 600C or nore for 30

m nutes or nore. Since the catalyst is deactivated in
the nelt phase process through the addition of a

cat al yst @ieanbinentagpete tite polyaptias ProscsveryEr @onthing active
t he polxester polymer nmelt, there is no need for .
f ur t Mathylepgarawprs. fichAs/@aydre fanngdnahen arragthylene group is
sol i gidd ' ; I-v.at: ' :
ande/ AR Iebiiz e B e BiEcc it Ay Kalood ot hGue

r eactmthylenéigyoups inchsle] éscexdrapleqlatiylic grozip hydrogens and
illustratjve of a nmelt phase process, and. that e .

| v e RENBYIG GroHBDITegens) M aedhoRe REEYant i Do fallouing
For_ siragile linkéd tPierlAbBRGRudIAReS RPBoRAC (O 2

variety of operating conditions at certain discrete
It.V. values, differing process conditions may be

i mpl enented inside or outside of the stated It. V.

val ues, or the stated operating cofpditions nmay be
applied at It.V. points in # £l { other than as
stated. Moreover, one may .'k QGe——oprocess

condi tions based on reaction nst ead of measuring
or predicting the It.V. of the nel§,. The process is
also not limted to the use of tanK reactors in series
or parallelor to the use of different vessels for each
zone. Nor is it necessary to split the

pol yededeindiis ahydeegen onamn alky! grqupe pbhe ienzylimpositidn és thus a

o SR A0 LR SO UAGL IR B0 Bl remcive
vari ghib 99 FesdhAer sthbil@atiéhef hivdhgyRY fiditalBt @itioh/bythe

nul titude of yeactors in series, either in a batch,

seni agiacent sptcatbeniin theiand ripgoclusarybriog noag bpoforiexample, a
ol eBHER\;I rYWgI glhénétﬁelb Bb'ytcytt:ﬁ)c éll?)%wéjt?cs}iﬁg gugﬁ%rseneaphthyl.

Preferably, at least 50% of the amine residues contain an active

methylene group, such as an allylic group, an oxyalkylene hydrogen, or
more preferably at least 50% of the amine residues contain a benzylic

hydrogen group.

In yet another aspect, the polyamides AA scavergers comprise
residues of adipic acid and m-xylylene diamine. In one aspect, the
polyamide AA scavengers according to the invention may comprise adipic
acid residues in amounts, for example, of at least about 50 mole %, or at
least 60 mole %, or at least 70 mole %, or at least 80 mole %, up to about
85 mole %, or up to 90 mole %, or up to 95 mole %, or up to 98 mole %,
or up to 100 mole%, based on the total carboxylic acid residues in the

polyamide summing to 100 mole.
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the nolten pol yester polyner in the nelt phase
reactors is discharged as a nelt phase product and

wo9bg/doisped wi t hout the addition of an acet al ¢ehd800s/006163
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scavenger to the polyner nelt. Avoiding the addition
of acetal dehyde scavengers is desirabl e because
acet al dehyde scavengers are costly and may be
responsi bl e for increasing the b* color of the

pol yester polymer or decreasing its L* color after

toni ng out yell ow, especially when the reaction
product ofn PP@@eMSHﬁat PR aKided My SFAYRNILYP SOBPrige M-xylylene

the %ﬁﬁ%g@ggﬁés rﬂﬁ%rﬁ&lﬁﬂ%r ekahipie, tof a“?rleé’s‘?la?aUult 5bY¥nole %, or

i ssues €Ccti veness a gl ven anount
scavatigast 60 mmé%; ogaf least Mrmaly: %ubf at leakt80 nale %, up to

scavepger i n finis '

ol y BBAMER e be o I EP elech RE P 1895 meletA, SE badp 98

are ﬁrﬂﬂé b8 Cor RO 106\nSNBYE 9 %&hlda%é%%@dtdmmtarﬁhe

bl ack specks in the solid polyester particles and/or

in st&mmmssmtﬂhye pnjyaquommpnsmg ‘Hiemalefohwith thm¢ma|nder of
whi ch |nteract

© e i i oSl BelliEs (o Hhe Suofe bfheamines,

rel egﬁgqggwmgnggla(mﬁber pol ynmer or by chem cal
reaction with acetal dehyde to convert acetal dehyde

i nt o anot her conpound(s). Rather than preventl ng the

rescti ons "orefAIOTRERRHES: BT BObERIs Al S BerdiS i holude 2
SC&VCG@@IS{&]@M&H@’ frohndbogt 80 td 166 m@lqdetbéeﬁydipmncud
by converting into another co The net

of f oEasidUesARd fiom abevhPadn 190 A RE: @y xylylesediangpe

Bg| ;géﬁgueé‘\b%sﬁlegltkler?gr{reQOﬁ'% %rﬁb@gf?ﬁca&égf\é@?%&j residues and the

scavmtgmmoanteokmme tesidlessin thfe mﬂyémldenead'recalnpnsmg 100

D e Bl LA el 83 re ot AR s Qs

4 83Zoﬂﬂp¥|§e fRSH adeuP 9538 148%ole percent adipic acid residues and
from about 90 to 100 mole percent m-xylylenediamine residues, based on
the total amount of carboxylic acid residues and the total amount of amine
residues in the polyamide AA scavenger each comprising 100 mole
percent. In another aspect, the polyamide AA scavenger may comprise
repeating units of poly(m-xylylene adipamide) in an amount of at least 60
mole percent, or at least 75 mole percent, or at least 80 mole percent, or
at least 85 mole percent, or at least 90 mole percent, or at least 95 mole
percent, or at least 96 mole percent, in each case based on the total

moles of acid/amine units in the polyamide comprising 100 mole percent.
In addition to adipic acid residues, the carboxylic acid residues of

the polyamide AA scavengers may comprise, for example, up to 20 mole

percent, or up to 10 mole percent, or up to 5 mole percent, or up to 2 mole

55



pol yest eram des such as those disclosed in U S.
application Ser. No. 595, 460, filed Feb. 5, 1996;

wosPRosx0and ot her aliphatic pol yam des such @@1ili868/006163
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di scl osed in Japan Patent Application Sho 62-182065

(1987); ethyl enedi am netetraacetic acid (U. S. Pat. No.
4,357,461), al koxylated polyols (U S. Pat. No.

5,250, 333), bis(4-[bgr]- hydroxyet hoxyphenyl) sul fone

(U. Sperfdent, die oAmase additionat eatbioxglic acidaesidsies hiaving, for

Pat. No. 5,104, _965 5- hydroxyi sophthalic acid (U.S,. .
ot - eXgPIE, T 25040 calagb At Lol SxaMBIB, Pris OhTEe Bliphatic
S. P, ic gei ind fornPPH2 Maboft af6rhs 335 §8Fesid
pr ot g%ribg I(‘:ci‘ gc@grtgg@;%tss LIJrFéS.ﬁoPat. NO. bg’ 4?47, 55" and .eS| ues
U. S. oPpimelisacid,, siibgric3adiyl, azelaictdoid, aebiaciesadid kundecandioic
acet al de e scavengers a ho and copal yam des, such

e pBH BRSO BrHE | A eI aRBr e FRticl other
pol y&ghets YthenRrbagiRaaeid 8&sidass! nfdly cahpAse tSUBMBENR: &¢id, or
pol ymer having an active methyl ene 'group. Sone AA
scavtaigphthatiaasi resjdlésowi ng of the pol yester pol yners

and of the bottles, containers, or filns produced from

t he pol yester polyners. For exanple, polyam de

hormopol ynTrhe ArhineaReldu@erst the 'nﬁliqetm:sead@@grisbﬁ include
for exanmple, in U S. Pat. No. 631%?58, 233, U. S. Pat. ﬁl’)

5, 658P 4820 ke pgrgent, g5 upstootd mala peregnt, ogp to Agpele percent,
Publ | ' 2006/ A LS

mup) 26800 B "ﬂ’gr? Ja%s’fga}!%%é,fe?‘ﬁgg?g‘o%yg ed°'ﬁ@?g‘% Esbcfx’m“

ref eatoms Exafripiés inthide pt-yylylene didmirisgvieRger s and may
inmpart a yellow color to pol yester polymers whe )

i ncobﬁaﬂuﬂ@a‘eihvlwréoway@sth@xamwmﬂeéiaﬁjn@@paeadntxwres
mel t yRpLyest er pol ymer processingtenperatures. Such

one or nore pol yam de honopol yners or copol yners nay

be described herein sinply as "pol yam de AA

scavenger f’tls to be understood that the amine monomer used to prepare the
polyamides AA scavengers may not be 100% pure, and may contain
reaction by-products with the identified amine monomer being the
predominant monomer. The same can be said for the carboxylic acid

monomer.

The polyamides AA scavengers of the invention may further

comprise additional linkages, for example imides and amidines.

Polyamides AA scavengers include, for example,

(a) a dicarboxylic acid residues of adipic acid in an amount of at
least about 50 mole %, or at least 60 mole %, or at least 70
mole %, or at least 80 mole %, up to about 85 mole %, or up to
90 mole %, or up to 95 mole %, or up to 98 mole %, or up to
100 mole % with the remainder of the dicarboxylic acid residues
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The term "pol yam de AA scavenger" is used herein
generally, and includes those that are honopol yners,

woceriws®rs, and terpolyners, and may be prepaicadyddyos/o6163
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reacting a carboxylic acid functionalized nononer
(e.g., a dicarboxylic acid conpound) with an am ne
functionalized nononer (e.g., a diam ne conpound), or
by any other known method, such as through | actans,

usi ng amni no @tﬁhﬁﬂsmgrreadués(dnl for edemple:aﬁmhwlct hcid or
di am nes, to forma polymer conprisin r|oredom nant |

ani de i nkagtﬁée%t%%a?'ﬁé’mﬁiqle o/é’s‘P deR to 4¢maole %, or up to
pol yam de i sy y) [RS8 NBIBY, YEENp wgbrﬂt.a@%t BPup to 5

I
nonomer units in §% é(“I?pmar charn arera
ar r anged ratrnele ?/dwamdannam@edhered, ibl eamih ded on the total

"Pol yam de AA scavenger!' as.used hereipn also includes
| ow ol ecul AHCHBOHIC BEICERIdHES 1a,3ke BRlVaBHER SUTIRNGR,100
conprise, fonofXymal €. a dicarboxylic acid nmononer

condensed or eno’l capped with two nonofunctional am ne
mononer s. (9 adiasming, resideet comprigiog yesiddes ahnsxyytengadiamine in

may al i be | I I LQht I ' o
oA JoLPEAPRE ol mb A BbRUERE S B Bt B3phaa mole %
Wi t hol ¥PIeZRDPD WAGIEI BNBl aEREROBY IMEledk] dp rt@a%af 85 nfSle %, or up
used herein, the "carboxylic acid mononer'

typi taPOyneledbcar bp g BBdMals %. ebHBre 98 male %a;PTaIPsf@ H mole

o od it e et5hindEP pERR, RhrfibE f4iau8s Lb¥prERia residyes from

addi bherriroer othes tizmbines, sthtfh as PW&Médl@ﬁﬁﬁé @r hexamethylene
nmononer s, nonofunctional carboxylic acid nono

useddianpinedLaidyes in 8 AMauekyp tha0 Feplehi BEURLD 40 mole %, or

o0 BA15190 BB 90 SHIEI0 AREOERETN EF101A0% oryp 0 5 moe

and %,sp@a@hmserﬁdwdmﬁ shreetotall dianhineévhesidmessin the polyamide

f unthi)r%?)?ils%nzge‘? 00 mole‘gD Exérﬂ%ﬂast i\rqglude, but are not limited to: poly(m-
xylylene adipamide) (which may be described herein as "MXD6" ),
poly(m-xylylene adipamide-co-isophthalamide), poly(hexamethylene
isophthalamide), poly(hexamethylene isophthalamide-co-
terephthalamide), poly(hexamethylene adipamide-co-isophthalamide),
poly(hexamethylene adipamide-co-terephthalamide), poly(hexamethylene
isophthalamide-co-terephthalamide), and the like, or mixtures thereof.
Especially suitable polyamides include those having residues with a
benzylic hydrogen, for example polyamides such as poly(m-xylylene
adipamide), poly(m-xylylene isophthalamide-co-terephthalamide), poly(m-
xylylene adipamide-co-isophthalamide), and mixtures thereof

The number average molecular weight of the polyamide AA

scavenger is not particularly limited. The number average molecular

weight (Mn) may be, for example, at least about 1,000, up to, for example,
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carboxylic acid groups ny al so be condensed into the
pol yam de. Likew se, the "am ne nononer" is typically
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degrees of functi onallty For exanple, the am ne

conmponent may include, in addition to or instead of

di am ne nononers, nonofunctional am ne nononers used,

for exanple, to end-cap the pol yam de AA scavenger,

t her abyud 5,001 FUternathesly, tbe Mh of tise polyn&m'id@oMner may be at
scavenger, such as the pnplecul ar wei ght and dIS ?rsi on

in t IR2Shai5ARk or @t derst AP RIal least n 8P te @byt 4000, or up to
I

1or Sl B0 05 9EBIBE 2500 P el IRTRERELISH feioh

one aetyacmdes hmwbéyaa&dda the\rarcge/fromeaib o 200y, eacﬁrtum)BOO or

P outtom, 508 S et BBbGp Gratautizadd s 21004 4 9,000, or
80 O/‘fref'n ?%0‘ t‘or‘#GGQSalf 6[5%Rfa¢§%‘?i‘tyegf e pdig m%?%?érﬂi is important, we

fornmul a: based on the total nunber of
condbatme that |th1¢1 kxag@i Iow mwlenulan weight odyamiskeisdoay interfere
COI’Tpl’I Si n&il ercents | n anot her aspect, at | east

80% &S W B at | east 95% or at l'east 98%

of the Ilnkages betvveen di fferent nononmer residues in
t he pol yam de pol ynmer are am de |inkages, based on the

t ot al nunfré\ne ralyamidexfAsscayepoers ingludedhpee describathin U.S. Pat.

may PBREk PUR. B8 26oe/bTB368, IREGR Skl hardh BoeBRoe n s
f r onreaﬁmuy Bor bﬂanwtthéiﬁlyam@emebavém’s méiﬁeompnse
yanm de AA scavenger contains active methy

gr ouﬁglp'%aﬁ'ﬁ’ cendensed withtye manafunctiaeahor élﬁ'é”‘{aﬂ%'@ﬂ) amynes, for
example having a benzylic hydrogen, such as from a benzyl amine. The
monomers may be the same or different. Alternatively, the low molecular
weight polyamides may comprise m-xylylenediamine condensed with two
monofunctional or difunctional monomers such as carboxylic acids (e.g.,
formic, acetic, propionic, butyric, valeric acid, benzoic) or an acid chloride.
The monomers can be the same or different. The molecular weight of
such molecules will depend in part upon whether the monomers are
monofunctional or difunctional, that is, whether the monomers include
linking groups to further react with additional monomers.

In one aspect of the invention, the polyester polymer composition
may be devoid of a polyamide which is effective to scavenge AA added
during the melt phase polymerization prior to solidification, or which is
added at any point prior to placing the polyester polymer in a shipping
container, or which is added at any point prior to remelting the
composition to form an article, and in another aspect, the polyester
composition is devoid of any polymer added during melt phase prior to
solidification which is effective to scavenge AA.
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resonance stabilized by an adjacent sp2 type carbon
atom Active nethyl ene groups include, for exanple,

woalobg/1soss0gr oup hydrogens and benzylic group hydmagRoms/06163
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i ncluding those present in the follow ng structure

linked to the carbon illustrated in bold: wherein Ris
a hydrogen or an al kyl group. The benzylic position is
thus a carbon directly attached to an aryl ring. This

carbon i s Tgepaeitphagerpraduttie plocedsed tosdesiced form, such as
stabilization of a benzylic radical or cation by t he

adj a@BMPBAYS partisies. | Fhf: [feape\at the n@lyeﬂﬁe' nglymer pagicles is not
rray hﬁﬂtle Obn§taRRhEIudE rBEGRY lor i {ﬁﬁé}?éd“@fsc][eetﬁ anbﬂrtlcles

aromati c rrng such as
at I m:hbuﬁm%taﬁom be tlaelrrdmmeasuotmsemoummgastare,nsgmﬁres,esphermds,
nmet hy

ne gro ch as an Lylic
oxyaP RN Sraperbrdlest cramdniohasglisss passgs. and
of 't Kb dishRGaLhbE M LA, fi
grou%fgI w%ﬁﬁégﬁg?agﬁct the go yamlgiﬁgi AA t, film,
scav prefoerrascstnandsser fileaisdues of adi pi ¢ acid and
m xyl yl ene diam ne. In one aspect, the polyani de AA
scavengers according to the invention may conprise

adi pi ¢ acigher rﬁﬁhﬂéleévér%géwghﬁ(nét% b@‘(ﬁfﬁ?ﬁ%d Wth%e number
| east about 50 nole % oOr at |east 60 nmole % or

| easBvemgeomelegularrweight)cefdhe partigles lso/ts\omartlculabludmw For

o ogxapbie o bbriler Bidofiove p b dibrale frelbufrifeast 0.10

car bgxydri 1Wesaicleds of gesatentiare1 10ad pan de pavtigies addup to
100 nol e, ! n_anot her aspect, polyam de AA scavengers

conpAbaut #0Q gIReret padiflese resi dues in amounts, for
exanpl e, of at |east about 50 nole % or at Ieast 60
nmole % or at least 70 nole % or at |least 80 nole %

ﬁgl éo%abgﬁ%&w?ﬂpoggf soPdnfyan ttl'cl)e %glyrég{eef pglymer Prgn'% Rwegr%elt
phase process is not limited. For example, molten polyester polymer from
the melt phase may be directed through a die, or merely cut, or both
directed through a die followed by cutting the molten polymer. A gear
pump may be used as the motive force to drive the molten polyester
polymer through the die. Instead of using a gear pump, the molten
polyester polymer may be fed into a single or twin screw extruder and
extruded through a die, optionally at a temperature of 190°C or more at
the extruder nozzle. Once through the die, the polyester polymer can be
drawn into strands, contacted with a cool fluid, and cut into pellets, or the
polymer can be pelletized at the die head, optionally underwater. The
polyester polymer melt is optionally filtered to remove particulates over a
designated size before being cut. Any conventional hot pelletization or
dicing method and apparatus may be used, including but not limited to

dicing, strand pelletizing and strand (forced conveyance) pelletizing,
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nole % or up to 100 nole% in each case based on the
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conprising residues fromone or nore other am nes,
such as p-xylylenediami ne. In yet another aspect, the
pol yam de AA scavengers nmay include a copol yner
conprising fromabout 80 to 100 nol percent adipic

aci dfaﬁﬂlad@tesmw ringp pelidtizets, bt face polletidess nendeawater
yl enedi am ne residues, based on the total anount
of caﬂlﬁﬂ@ﬁ and Geatrifuged peleti#RiSt he total amount of
am ne residues in the polyan de each conprising 100
nol e percent. In still another aspect, the polyan de

percent - aang et R BRI skq Ko shatdlie BF foverisr
nol ef)@l@hfé?ﬁé nBt Kivited cardiroiides thesmal esystdilsetibroin 4 bas or
total amount of carboxylic acid residues and the total

amouliauids T erystalizalioBanay ofs B Mashasically agitalerwessel; a
eac hﬂ&l?)‘?a%rdl t?‘]éd]%& @%Fecfw fiGi Htmowm%ﬂ?téi%n %@ﬂﬁféd vessel or

the po enger conpri se 'repeat |
uni t pipef cpjﬂtal(lzed(yi alhquml médmmna&be)/elthe dy odmiwpblyeSteIt

bt ) DA OPTRIE bﬁnzgiaﬁ& Bt 18462 tor Snvasinen Pieaa iy in the
or abl egss A rﬁePﬁ{ strAin &gsia‘ﬂ&“‘eﬁ e B bgmer may also

percent or at ast 96 e perc In each c
basebeded tha ar;astalllzeo bta pm1yraei ténapenaturerbealewiits Thdrom the

I OO I
i pBEsD 1t Bey R B SRsfliR e aebihe dSmipstaul above it
the ol yapedsmpfe SAKSH B8lynefrorh rména phh8é p@lﬁ"i@l‘l&tlon

up t0°20 nol e percent, @F nol e percent, up
t o Sreaster maydenfed f@rough a @plaie Q@dr@ﬁmndemate@r am)men

oo R0 o R TR BRHaR regrior prere the
nor epalynidtas iceystallized underwater. Alternatively, the molten polymer may
be cut, allowed to cool to below its Ty, and then fed to an underwater
thermal crystallization apparatus or any other suitable crystallization
apparatus. Or, the molten polymer may be cut in any conventional
manner, allowed to cool to below its Tg, optionally stored, and then

crystallized.

A preferred solidification technique integrates the cutting with the
crystallization by not allowing the heat energy imparted to the polymer in
the melt phase manufacture to drop below the T4 before the polymer is
both cut and crystallized to at least 20% degree of crystallinity. In one
integrated solidification technique, the molten polyester polymer is
directed through a die, cut at the die plate under water at high
temperature and greater than atmospheric pressure, swept away from the

cutter by the hot water and through a series of pipes to provide residence
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dodecandi oi c acid, or 1, 4- cyclohexanedlcarboxyllc
acid. In other aspects, the carboxylic acid residues
may conprise isophthalic acid, or terephthalic acid
resi dues. The am ne residues of the pol yam de AA

scaven@emsthmailwciystmlnwtﬁeapmcml i the hotliguidavatepat a
10 npl e gercent or up 3_ percent, of aqne or
nor etenB 'iﬁt'éﬁ%ﬂlreéFﬁfrfBaF‘éB? alf “P\%VPWQ"Q"@J’?H praferaply at about

car b °C I

02, D803 1BReC SRR E wiier R scpariledlifofi AR dfstallized
and pariclesand e paftlclést alesdmed bin ammteesiruegratémsolidiﬁcation
am n nomer, use ar e the am' es AA .

o o ErBe e Ristaso G Ebies Bolymelia Ui pndsiwalen the particles

r eaChEe MR é@%%%ré‘!e‘dﬁrérﬂ%é Gi§0id \fvéféil aMer Lattie i particles

bei ng the predo t nononer he same can
f or aredded ban@theabe @aniciesrare stithBoang befate she\temperature

ddi 61 Bi-pariineiobs BElw e Ta bs it < AL S Sirahly while the
Pol Y BBHRS teMipSRAYRNE &lbovenm09ae thd Qértﬁzl@@ﬂeedlrécﬁéd from the
dlcarboxyllc aci d residues of adipic acid in an anount

of adryesoato amuifacsoomygssedywhigh alfows:the pariclasi to fogm@ moving

a5 nben Wit 3 BeghelnGtMbient g g P lefedinat iff 1 bartites

up t o 88 staliz tHe warticles! preférabiphithduttHeexteal application of a
remai nder of the dicarboxylic acid residuesconpri sing

resi baeﬁn@medwm ARARSFUNiZing speantal T Risdeclnigre is also known as
latent heat crystallization, and the process is commercially available from

Brookman Kreyenborg GmbH.

The degree of crystallinity is optionally at least 30%, or at least 35%,
or at least 40%. In a direct esterification process, the melt phase products
are preferably prepared by adding to the melt phase a polycondensation
catalyst consisting only of titanium containing compound(s). Thus,
polyester polymers made in the melt phase having a low or acceptable AA
generation rate can be isolated and provided to a converter without the
need for increasing their molecular weight in the solid state. By making the
high 1t.V. product in the melt phase, the solid stating step can be altogether
avoided. Solid stating is commonly used for increasing the molecular
weight (and the It.V) of the pellets in the solid state, usually by at least 0.05
It.V. units, and more typically from 0.1 to 0.5 It.V. units.

For application requiring very low fee AA (e.g., less that about 3
ppm), the polyester polymer particles produced using the melt phase only
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each case based on the total dicarboxylic acid
residues in the pol yam de sutming to 100 nole, and (b)
a diam ne residue conprising residues of mxylyl ene

di ami ne in anounts, for exanple, of at |east about 50

mol eprbcess ofithd meéuﬁtucﬁﬂmayl reqtfire eematal sfasice€d freel A %n one
or at least 80 nole % up to about 85 nole % or up

90 nBIREC, PRJyesigr p@yg@rmr%cl% haying2 Yefydewievel af/Jresr
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o5t HecalbetRUE (d, lede s DB 41 Bbidthed BY dpdibriet-phase-
di anpolgsondansiatien qhnﬁryéndreafa@smahacetaldwvydafetﬂhwseoace
diam'n_[e5|du5|n unt up to 50 nole % or L{ .
to ABAGIES 276 cRaingd ot Bled rﬂaassrpraﬁuw@nzwq?sﬁ% be residual
cétﬁld%@ngatg 8?%1?@”&% tHéDpélQlcﬁ:s &d8ed tﬂ’eeﬁg\fbyam gl means or

base on th i am ne resi ues int
c orrpby al mgarmas debeibedhelopl. eEhé aoiaumt of esidual @cataidehyde in

onciErsdiSpaP B EEdeRl SASCRATLES bl M50 SR sfife
adi pg@lz%ﬁﬁhbﬁ BRIUEIZLS WHIE ardPekpdrisveaRd REWNA significant

i sopht hal am de), pol y(hexanet hyl ene

i sopmoleguar weigbbadvansenmentar@erinably he (erisuateiceialderyde in

! P PR APy ST R BRI ot 10 pom
| soplehabedppaT éﬂehgr(ﬂ@b Al enieds) or 4ppin bh%slsl \M@homl’lncreasmg

m xtures thereof. Es ec:laFIy sui tabl e poly

i ncl theelt. Vh@&@qmmﬁlgs kysnarrthan @.A3slien krythls:aspect the particles
hyd
y r%l%elqotll% elt%)(‘igd(]m a n\]%gé%/ eoj?%@?rle?;?;gﬁ their level of

pol y('m Xyl yl ene

| sopatdtaldemyde; vor érerthelﬁidnt&dlmdbjbctqddb)e(dﬁd)dtaﬂeqﬂwymerization
techniques which result in advancing the It.V. of the particles more than

about 0.03 dL/g. In still another aspect, the level of residual acetaldehyde
in the solid particles is reduced to a level of about 5 ppm or less. In yet
another aspect, 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, preferably other than solid state polymerization
techniques or other than by remelting/devolatization or other than the
addition of a polyamide, or the addition of a polymeric AA scavenger or
other substance which binds AA. Thus, the polyester polymer composition
may have an AA content of 10 ppm without application of solid state
polymerization techniques, and prior to remelting, and without the addition
of a polyamide, or a polymeric AA scavenger, or other substance which
bind AA, or without any of the foregoing. For example, the vacuum
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average nol ecul ar wei ght (Mi) may be, for exanple, at

| east about 1,000, up to, for exanple, about 45, 000.
Alternatively, the Mi of the polyam de pol ynmer nay be

at | east 2,500, or at least 3,500, or at |east 5000,

up t prodedure deS€bedoas parttof tW@saMprpI%Qrath Mbtﬁe)AA
about 25,000. |f desired |ow nolecul ar vve@g

pol y9RNe@ioRgatafest wald be suitablahpweves pagdatgerssaleya vessel
fro or from1,000 up to about

12, gg%gﬂjr ?%ém "to 10,000, or from 2,500 to

7, 000. |f optlcal cI arity of the polyrrer blend is

[ rrport ant lieve that t{he cul ar
wei ght pofy"\gﬁ?%ggcmgu?mé? ygedhe %‘ée'\ﬁf?ﬁe{;? yde in solid
tr anBHH%%sQNrthJﬁ}%d%hMﬁ‘@ tﬂs.r/rwo@f@&?%grﬁ bbRbhH @03 dL/g is

t hose described in U S
2006refeged d0 hermn@srﬁne&aldelhm eirlpptm asflesaribed inn its

o osRi TR i OB b SR Rl e

or dhfethed Itneaés@nar@csetaraehy@éefrmespémwbggs FediR@éMly C
hydrg&%g 'such as from a benzyl am ne. The nononers
KE

ing-he rartieles fnte envessal todformta bed f parisiasowithin the

”m"'xiﬁé‘% A 0Bl B8 66 Wi SO g inteoduseg ot gas
di f Uﬂowlraiearhommeéﬂrr@ G468 CEMaseripoUnd of piclés per Bour, and
form ¢, acetic, praopionic, bUtK‘}ﬁeV val eric acid,

benzw'tbsiradvlnarﬂ nighed Ratticles fom hewvessebhayind @iedyesed anount of
samne e nol ecul ar wei ght of such

nol e{: Idelgalvavlfcﬁ aq#ryed-r% in part upon whether the

nononers are nonofunctional or difunctional, that is,

whet her the m)no rs. i nclude |inki n% g{]oups to further
react witH a@RstS Bnalpg,ﬁﬂ%ﬁggg a gas such as'air or an inert gas such

as nitrogen is contacted with the polyester polymer particles either co-

current or countercurrent, preferably countercurrent 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
about 180°C, but preferably from ambient to about 70°C, or up to 50°C, or
up to 40°C, or 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 about 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
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pol ymeri zation prior to solidification, or which is
added at any point prior to placing the polyester

pol ymer in a shipping container, or which is added at
any point prior to renelting the conmposition to form

an aydtio¢ bat inegeheral, ahe résidease tinte, ranges fidny @5 bour to 30 hours.
conpgsition is devoid of any p&lﬁyrrer added duri ng rrelé. .
phas Ehp @RS compasiion MaYREIUSS, i @rRmRlecRtrogeny gathon dioxide,
SC&YSP%RIP%{QN? I?ﬁbﬁsigg?ﬁtﬁe N/ QB bedrs %fne?&%ﬁs%ﬁ& &f the solid
desire orm such as anor phous particles. e shape

of t pelypstey patticlepaloysens significahtly upsnrstiippingiin ait,atangiven
can jnclude reqular or irreqgul ar shaped discrete -
par t lETRarafire, Baina| 1ifPash L5 AngIarHes Gas AsiDe@RS composition

| ncl el P | Gf \s&% at a lower

cyl i I'Pﬁyirl%a?ﬁé?%%ew %glétlhee? ?,Bsggﬂhégnr?ig%ggﬁj%?l ?te? so, ©

past strippig temperaturet Hidre gaagdoes inot npad to dbeadried, since the

71 bel-EtteR e B8k L0 Eotvbe gieR By e P RPABAR from the
Wi t hpéifts NINdRSSiredlY PloR@s eRthe gdsanay@eddviad of the
particles is not particularly limted. For exanple,

the particles may have a number average wei ght of at

er 100" pBriraEmpEtanfe, 4os 165, g8bicEeAAEE drdiBstiehcd time wil
par t ingp#ct thd lefficalysFAA etriging H fhe dvyet feedieg Yresértruder for

pol ymer fromthe nmelt phase process is not linmte

For ~ Byakifg an aﬁﬁﬁ'@el\NbU;Q%ﬁprqm yﬁ@PGWQﬁhYbﬁe’nﬁﬁ%‘SO oceur in
bot ns Biyer Eping e IOt T iaiihg aniriblt e pRefbrredto feed
mol t #1e dryky with. polymeapapticles atgadhe hasied 2ppither less iof eesidual
For Cgcétgld%rhiy\c/jg i% %?’dg}) tlot %%u%gltlxg Sg’;tagrﬂow used in the dryer and/or
improve the quality of the articles made from the extruder. Moreover, in
an AA stripping process, dry gas is not required to strip the AA from the
particles, whereas in a drying process, a stream of dried air is circulated
through the particles primarily to reduce the moisture on or in the particles
with the secondary advantage of also removing AA. Thus, in an AA
stripping process, ambient gas can be and preferably is used as the

stripping medium.

Thus, in one aspect, the particles of the invention having an 1t.V. of
at least 0.069 dL/g and a degree of crystallinity within a range of, for
example, about 20% to about 55% and having a residual acetaldehyde
level of, for example, at least about 3 ppm, or greater than 10 ppm, or
greater than 20 ppm, or greater than 30 ppm, or greater than 40 ppm are
fed to a vessel, preferably through the upper end of a vessel, as hot
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optionally at a tenperature of 190C or nore at the
extruder nozzle. Once through the die, the polyester

pol ymer can be drawn into strands, contacted with a

cool fluid, and cut into pellets, or the polyner can

be ppaftieleszi@dg.abbou100%C treabloutol80°Q) &b increaske thaefficiency of
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R PIPIRSh B LatA Fn ey Bl Aol amoiet
pel | gbhdifibRs BNEb&aNT NS, WierbrR Yoot bAdient tdot®4bed, to thereby
and apparatus used to crg;taal l'ize the pol yester

pol y desthedeveliafiresidua in @pdieicen thecparicles introduced into

cr ot voSR eyl a8 bt ol g wpssg) it goout 05
vessg) 30 dourgibfiineatnfreductiorpio &t teus@rdutrdrtst@am of gas.

nmovenent; an un-agitated vessel or pipe;, crystallized
i n aVWhilputhe vesselisambe\rsessiyrizedpft is Recferably Hok pressurized

pol y r t . n t . .
o SR TRE B oA O B8 i e et s desraby
st r abpecatyd béhbbatd-5 géig, poambsiant pressirep be fed to a

crystallizer at a polyner tenperature belowits T9
(fromthe glass), or it may be fed to a crystallizer

at a poly r ati j B

nmol t en po@%elé % r or%é 'Egshg%ggwelgggeg’zﬁ%?fat [ ohsped

r eacparticiesy tivat i§ con the padities elXibngthe stripping ptocess, is, for

under wat e; , and. t Ben [ nmjdi atelLLy fed to an #der wat.er

t her REAMBIS, BRI [1DRATB 0" IS 057 RINBIA 18 45c1 BRFDYOf lgSs, or 3

gg?’;&é}rﬂ %ﬁl&gs,u&d?bw 8F les@! b1 TAppnedess NFhETEVE B residual
acetaldehyde present on the particles fed to the stripping vessel after
being obtained from the melt phase polycondensation is generally about 3
ppm or more, or at least 5 ppm, or at least 10 ppm, or at least 20 ppm, or
at least 25 ppm, or at least 30 ppm, or at least 40 ppm. In another aspect,
the difference in the free acetaldehyde levels of the pellets entering the
stripping vessel and those exiting the vessel is, for example at least about
5 ppm, or at least 10 ppm, or at least 20 ppm or more, or at least 30 ppm

or more.

The gas can be introduced into the vessel by any conventional
means, such as by a blower, fans, pumps, and the like. The gas may flow
co-current to or countercurrent to or across the flow of particles through

the vessel. The preferred flow of gas through the bed of particles is
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be cut, allowed to cool to belowits T9, and then fed
to an underwater thermal crystallization apparatus or
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nol ten pol yner may be cut in any conventional nmanner,
allowed to cool to belowits T9, optionally stored,
and then crystallized. A preferred solidification
technique integrates the cutting with the
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However, by keeping the process temperature low such that the gas
exiting the vessel does not exceed 190°C, particle discoloration is
minimized. In one aspect, the gas contains less than about 90 vol%
nitrogen, or less than 85 vol% nitrogen, or less than 80 vol% nitrogen. In
another aspect, the gas contains oxygen in an amount of 17.5 vol% or
more. In another aspect, 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. In yet another aspect,
ambient air is fed through the gas inlet. While the gas can be dried if
desired, it is not necessary to dry the gas since the object is to remove

acetaldehyde from the particles.
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Kreyenborg GrbH. The degree of crystallinity is
optionally at |east 30% or at |east 35% or at |east
40% In a direct esterification process, the nelt
phase products are preferably prepared by adding to

the melt mioeessel fmiodmandmgsmmmles@tcﬁhmmngmﬂmedmﬂ‘gas and
only of titanium containing npoun
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using the nelt phase onléprocess of the invention ma

y
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P eoaBRaf tRIRHIT L. BEI Bod Bl MidEnetdssel MTHE BartiGhs are
by ap@étabmlﬁtrddﬂmemltuéwwwm venseeland nm/edrby@ravuty to the
resi dual acetal dehyde. Thus, once artlcles ar

obt abaBerT oigheresshi whilsHhe Gas RIGRTAb i flqws cauatergyEent to the
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reduce
descforbed beell @ﬂ/parﬂ'uesaam tﬂe pértm sloady desactemdi@d)wdehe length

onoE v el By Sy i e e S e Bole of ne

expepsiyg. A b&SHeight s S6PRhitéE Bt is preferably at a substantially
constant height in a continuous process and is at least 75% of the height
of the vessel containing the particles within the stripping zone. The vessel
preferably has an aspect ratio L/D of at least about 2, or at least 4, or at
least 6. While the process can be conducted in a batch or semi batch
mode in which as the particles would 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 particles 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 particles exiting the
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ppmor |less, or 6 ppmor |ess, or 4ppmor |ess wthout
increasing the It.V. of the particles by nore than
0.03 dL/g. In this aspect, the particles are not
renelted and devol atized in order to reduce their
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lessg SEVYRW f18 %hohﬁﬂ'f@é kSH?sufﬂ&uehﬂ?ll’&h'i‘& aK/Bﬁl unnecessary

acet a ehyge in the particles Is suitable, preferably
ot heenerg,ymcmlunwptmrabyetr@ggsrpunm fans, tog dhowerse SMoreover, it is

ot her It|n VO zat | r _oth

Cho” hateSia o Sy OBl FRUSaBHlet Ry Gl bt paikies hetiuse the
pol yash.bver%nsz GRERREICHT BthQTRESS BBRICHDES tyitAly regDftes the use
AA. Thus, the pol yester pol ymer conposition nmay have

an Aof bightaas flow raespgmadditasutf sigpificaat ¢enlingroassiried, the rate

P SRR AR SHB LR e B e

a potemipératurdd tcrRhe@Cthe Emeolidw! oﬁv@da@IQQAmltmflmshed
bi nd AA, or wthout any of the foregoing. Faor ex

the PaﬂlﬁﬁﬁarBb@@@ﬁé'%éﬁiﬁl'%étﬁfﬁéa%hﬂpt any hrgbegéh@m about 0.15
pr ep§b'tﬁieh{|9ﬁr ﬁ&fmghson ﬁ%f%mﬂ oﬁ'fﬁto?h esswgk(?u#)gCFM’ or

suit OWeVer, arger scal e,

r epl agen nbe highen tham Ot(hIeSClFM Fori ewwymer(elwlpoend lo$ charged
| evel of acetal dehyde in solid particles wthout
advaRartices PR ROWe| ecul ar wei ght beyond 0.03 dl /g is

Optimal process conditions to minimize oxidation reactions,
discoloration, maintain the It.V. of the particles , and remove acetaldehyde
while keeping the production costs low are to introduce the gas at ambient
temperature, to feed particles within a range of about 150°C to about
170°C into a vertical cylindrical vessel at a gas flow rate ranging from
about 0.002 SCFM to about 0.009 SCFM per 1 Ib/hr of PET. The size of
the vessel is such that the residence time of the pellets averages about 10

to about 24 hours.

By utilizing the process of the present invention, polymers with
suitably high It.V. may be obtained in relatively short overall process times
or in similar process times but at milder temperatures, and produce

polyester product, for example in the form of pellets, which not only do not
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referred to herein as acetal dehyde stripping as
descri bed in US2006/ 0047103, incorporated herein by

woneésisenee in its entirety. By this nethod, ther/us2008/006163
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resi dual acetal dehyde of the particles is reduced by

introducing the particles into a vessel to forma bed
of particles within the vessel, and contacting the bed
with a stream of gas introduced at a gas flow rate not

excegduire the Expehbdlaperinpmased Propess timeasf sotid dtating, but also
and w t hdraw ggsdfi ni shed particles fromthe vessel

havi ¢RNtaINlegs AdvaasaaRerae lees Adudyring Bitdieeiorgesingn lhyet
gas S [ .

222 ABBRPI HREER A ued S iloBhaf il 18y b Thbreaseo
pol yiuethep &y tsotitl stating. hévhilectbisr additional processesteprdags involve
preferably countercurrepnt to the flow of th articles.

P X ER uthe 200 sxeeRns. ds oyt caipeesdipd LB EUUCHSR i

pr ef&&&gllftoﬁ/ggﬁgﬁé [rPlirRelh A€ Bielt ghasd. SNRPESSH Sold statting will

the gas | ed Into the AA stripping vessel is no

par tfuctilearédude thiet 88, catentcan range from anbient to

about 1800C, but preferably from anbi ent to about

70Q0C, or up to 500C, or up to 400C, or about ambient.

The tenperature of the gas exiting the strippjn

vessel wi IN 3dgifioBxeertain Ageets i algrze He PR may be

I ntr oguceth | h e ThyiBluind tdtdrtis 88836 the melt in
intr%duceg)g{étr%ggogv t eﬁégxeict’ ter%e ature of the gas !
wi | | otger db ced uceOthedb *+of the@esulting palyesier polymerahelt pbase

gas exiting.the vessel shoul of, exceed a tenpperat.ure

" uprachiol nsuRE UGS Foehly bt bR IRG A PR Craane teners.
advapcgdhition tred oAkl alsd B usBd ¢ bt 8RHt cBioP3 Organic
dl _/g. The residence tinme of the particles depends on

t he toners (evg.,lkdueandiredexganiglitonpe(s) sheh gsdhpsenteners fdescribed

and rtd SS ' i en [, t.
o0, B, 552 44 B lad B79SHRR) ! Peormprres by
gas b@éidé_h%b_tig PheifBtitatg] sHiebe fugedeXHEDbRyanid tone@s may be fed as
car bon di oxi de,
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.)

The total amount of toner components added depends on the
amount of inherent yellow color in the base polyester and the efficacy of
the toner. Generally, a concentration of up to about 156 ppm of combined
organic toner components and a minimum concentration of about 0.5 ppm
are used. The total amount of bluing additive typically ranges from about

0.5 to about 10 ppm.
The toners can be added to the esterification zone or to the

polycondensation zone. In one aspect, the toners are added to the

esterification zone or to the early stages of the polycondensation zone,
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or anbient air. If considerable IV loss occurs and/or
the color of the solid polyester particles worsens

woSo@isbsseant |y upon stripping in air at a gi VeQT/US2008/006163
tenperature, using nitrogen or another inert gas as

the gas conposition may be preferable. In another

aspect, air may be used at a |l ower stripping

tenperature. The gas does not need to be dried, since

t he &uctchs oo aquepblgngﬁrizatisnrreactom dihjs ishespeeldllgttbe lcate if the
to strip residua mthe el | | f desired

nows IS PiR Sipied it etbu 8 cBpADE i iespuieR dreags with
flo LG6A M rolA’he lcﬁfridéﬁﬁﬁ f zBReWi | | i npact
hewg %acy 0 rAﬁ strlrﬁg)p)lyng I n tﬁoe dry%r feeding the
extruder ffoe pvdayestgr polymers of the inwehtiog anddiatile prefgrros made

tald . feedi th
cxct r 0a eGP ARNTAE Bvaana feheat sigitypdns fovidan
f eedichbvateheHl fake RUPrEBSedas i thlcPty-aLihea ByitiAYiefén? Reheat
ppm or | ess of residual acetal dehyde i n order to

r edubreprdvement Tiemperatwe (RiT), Helative de aeantml samplewith no

e B e 0 S I e prerom

I equidtasat ipdvenierititemperatuee(RIB) dfahé lp@lmtewybtﬁyméss
in a drying {;{ocess a streamof dried air

ci r caredrding terthegaimed wentien eentainipgr ?h?a't @ﬂd'@tﬁﬁ; énay be

acvaltbiebft GGt aRobf Ta o el 118 1G> oc "

stripping process, ambient gas can be and preferably

is used a i P
t he partlgplhggg géé{%ﬂemlhwéﬁtélgénﬂ?]eaé{?r%sgéﬁ@ﬂoqmﬁe |ed\épe”d upon

| eastheppamiguldir apglicatiorn tbe glesised fredugtiomain| reheaytlmet and the

o et A B RO AL a9 o 22338 wih the

at | AfsvienfdiWf L3 bRightndds @d1aas awalyTesm HQP PThe Afaximum amount
of reheat agent may be limited by one or more of the desired reheat rate,
or maintenance in L*, a*, b* and other color properties, which may vary
among applications or customer requirements. The impact of a reheat
additive on the color of the polyester polymer may be judged using a
tristimulus color scale, such as the CIE L*a*b* scale. The L* value ranges
from 0 to 100 and measures dark to light. The a* value measures red to
green with positive values being red and negative values green. The b*
value measures yellow to blue with yellow having positive values and blue

negative values.

Color measurement theory and practice are discussed in greater
detail in Principles of Color Technology, pp.25-66 by Fred W. Bilimeyer,
Jr., John Wiley & Sons, New York (1981), incorporated herein by

reference.
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greater than 20 ppm or greater than 30 ppm or
greater than 40 ppmare fed to a vessel, preferably

woldiPisgssot he upper end of a vessel, as hot par tpcal®3008/006163
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(e.g., about 1000C to about 1800C) to increase the
efficiency of AA stripping. The hot particles forma

bed of pellets flowing by gravity toward the bottom

end of the vessel while a countercurrent flow of gas

such as alrbivaluesa‘lor the polyesteg polyrsers asmeasaced bn dwghty-ounce

: gﬁngg ngf‘?@?r‘g ity Oduc u*l?g tﬁ?ﬁﬂttgﬁtf‘%ﬁ.mgfﬁe@fﬁrabw at
aboufea&tBS,; aff rﬁir‘é’??r@%’rﬂb g@f@i'a@ﬂ‘éaét‘?oab@b’écﬁ%a ﬁa‘i‘tlcular L*

t her eby reduce t evel resi dual
t he prghineise slaestnaddmplydthiataprefarnybawsy .a pgarticular sidewall

0.5 PPSHORE BYCTTRSR s PR USEro Rl AR hpLin RS Svent the L
couniseiedsnRY, tisé beR@sir ebbtially et §s S6t pgﬁpbsl@% of
pressurized, it is prefera ﬁ¥ not pressurized excep

by t testipgenclevaluatiag the £ ofifhenpolyaster p@wmammje@tgyemolded to

is d [ anmbi ent
or o5 ST plsrBE R AERAHEs 81243 Hehgie "or caon
on the stripped particles, that is, on the particles
exiting the strippi nggprocess is, for exanple, about

10 ppm or Theseploief & depifakie Ralkestenpolymesnasmeasysed iy twenty-
3
e Peffer DB p@iqmf Rl 4 ARyl St s seefha tickness

part of0edb4fiadhés, |s Igenetallyppdra:gteceby ah atf¢coordipategalue

obtained fromth hase condensation_is
encPHTPIALS 9160 Joim aPORBTUNIGE Lo FRARPISS Binpr fgpm about

at | | pa a i
oo s 2 @9Rodpidh o Rl FABE i o obRite e, w1
anot generaﬂlpetasjreﬂhe rdaké arbmitie prefotméa’vingea b* value coordinate

tal d | t lle t th
SCr1 iaes TR Bus A s dbrBminGng - $o 3 bESHYS Value of less than

exa”BIU% 2D beRSE tARR Ylus 4 0B 16Ys than! 13 B.6LQre4s thain 2.6..
at least 20 ppmor nore, or at |east 30 ppm
In yet another aspect of the invention, there is provided a beverage
bottle made from a preform comprising the inventive polyester polymer,
wherein the preform has a RIT of 5°C or more, and an L* value of 60 or

more.

In yet another aspect of the invention, there is provided a beverage
bottle made from a preform comprising the inventive polyester polymer,
wherein the preform has a RIT of 5°C or more, and an L* value of 60 or

more.

In various other aspects, there are provided polyester polymers,

whether in the form of a melt, pellets, sheets, preforms, and/or bottles,
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or nore. The gas can be introduced into the vessel by
any conventional neans, such as by a bl ower, fans,

woRdipsossand the |ike. The gas nmay fl ow co- cur pefiuses®ic163
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countercurrent to or across the flow of particles

t hrough the vessel. The preferred flow of gas through

the bed of particles iscountercurrent to the particle

fl ow through the bed. The gas can be introduced at any
desi cemhppisesta reheahaddmse eana heceintbke tpoefoomsfotrhed from the
| evel of acet delnth rt| Ies éltln t he

vessBplygster %vq ﬁ@gg yﬁg re, or 79 or more,
Pref g g@éﬂ eotcngnﬁ aLn%t b‘f qo ©OobNht Ib§stt ¢ 6 AtQuBst 3°C
the be I'ght

hal f e vessel, and nore
preferably to the | ower of t he bed helght The gas

flows through at ,l,east r.tion.of Ie bed

pr ef er abl &e?ﬁagaﬂﬂ%é(?slaﬁgg |g(§h%mv§ vg/(pg)? &me’rs

DT ejnfRfeS FaPeXarhPletativatdd tamdin, albc¥ blabBR, AtirhbARY fhetal, tin,
bed vol umé. Gas suitable for use in the invention may

be, toppeixsiiysregold. palladiupuplatinmdelackir@nmxidegnd the like, as

-eacy T TRl RSBl TRPRG. Buf 6t ficd o those

of abiscioseddn U.SaPaient®aeom, 8muhﬁuche@d1do®p§nawd heesinty
operating cost inprovenents was believed that the

e EfernaRdarANevAhEG G e IVERtiopeitan o otife dRricles
:
t Zﬁ;g‘?" urgéhg 2% a @%ﬁt&gsuch A}EﬂP&f’\t Baﬁ@%pb&%é’ﬁzatlon of

sol IdthéPEfl' qmolyrblecsitwaftarwlaaganclud|ng’1t|®:rthetesteriif&:atlon zone, to the
oxi datjve reactjons, resulting i elle

di scBPlyEandepsatig @P%@ﬂ“&"é?a&f aﬁé edlq&)(mebé‘?'i)\%é‘ﬁd the

manyf R@h*@icﬁ{e ﬁS'oY'B? Pt b@l‘f‘et r%%hé rhrﬂf'?ﬂ &hY B@Wt between

e process terperat'ure
t hat ot hmog@sthesetzongst Adevtitanrim ddade particles ey ajsm added

Phe. lesicbales Belfeist e S4B ARTBomporoS-Statng reactor
Furthermore, the titanium nitride particles may be added to the PET
pellets in combination with other feeds to the injection molding machine,
or may be fed separately to the injection molding machine. For
clarification, the particles may be added in the melt phase or to an
injection molding machine without solidifying and isolating the polyester
composition into pellets. Thus, the particles can also be added in a melt-
to-mold process at any point in the process for making the preforms. In
each instance at a point of addition, the particles can be added as a
powder neat, or in a liquid, or a polymer concentrate, and can be added to
virgin or recycled PET, or added as a polymer concentrate using virgin or

recycled PET as the PET polymer carrier.

The iron oxide, which is preferably black, is used in very finely
divided form, e.g., from about 0.01 to about 200 pym, preferably from
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nitrogen, or less than 85 vol % nitrogen, or |ess than
80 vol % nitrogen. I n another aspect, the gas contains

woNyE03son an anmount of 17.5 vol % or nore. | npaftaidd&Is/006163
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aspect, the use of air at anbient conposition (the
conposition of the air at the plant site on which the
vessel is located), or air which is not separated or
purified, is preferred. In yet another aspect, ambient

ai r abolied 1ttorabah 0@ pgaandvnest pidietably fremgatsoutadn2 be about
dried |f degired, (it is_pot necessary to dry the gas .

S noed Her copliatie s, 5 Bsh Jorcandr datii Butaie red Tmited to
pa”'.%ﬁet' % . CRY R | .

al | ovmfég a@égg o?%%@ﬁgnd palr??'i{]gfgggqﬁ% g%acﬁgegﬁtedofsum

t he ozileslaredesaiibed) for exempie;aorppages B2884%ofPignietdd

| hayi t | t jnl f i nl et
For “FRBARERF U5k, b5 in Rt Vabe Mk EiseRint oyt ne
gas, and an outlet for the finished particles. The

vessel isTpreferabI y insulated to retain heat. The gas
i nl et and Theespeacificieheapadditive caswellas ether additivesi(¢.9.,

or of BESERTS atich 5 885c8bnBle. ARG FICK), MidrbBraieg 118 the base
bei n Poty@WrSndl)hﬂef epthef intEetiote ARl havda tsh%nﬁaﬁﬂlhéﬁc%t on the

and Tinished particle outlet being toward the bottom
of t Reloy&f e polygstejpolyreerseand prducts farmed-beserpentive

t he 1.1 hi V € e ' .

. B Dol 3B (R R S Bol i e
vessamouhtef pelorant(s)s(atscecallee tordr! hereihy atiycissl requitdtito
top of the vessel, and noved by gravity to the bottom

of t H@q}{é?@s%PP'MﬁﬁtQ@Q'H@e@aﬁn%F@fféﬁ%'l“i'ngIREWQUCtS to meet the

Counpﬁ@ﬁ'ﬂ[’&% di9nd ré?'dqisreﬁéﬁ&%“?ﬁ the particle flow

The es accunul ate e vessel to forma
bed of particles, and the particles slowy descend

d t he | th of th | ity tot
Fini'shea (P CoBpaNENsSat b¢ RAUBHLE dhe bPRRsILpRLldhe present

The BREnk6hH l%‘bnh%n&@‘thé bBHbAHanse brogerfies beifPbYlyaste? polymer.

substanti al S '
For example, crystallization aids, impact modifiers, surface lubricants,

denesting agents, antioxidants, ultraviolet light 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
additionally contain one or more UV absorbing compounds of the type
disclosed in US 4,617,374 and incorporated by reference in it's entirety
herein. One example includes UV absorbing compounds which are
covalently bound to the polyester molecule as either a comonomer, a side
group, or an end group. Suitable UV absorbing compounds are thermally
stable at polyester processing temperatures, absorb in the range of from

about 320 nm to about 380 nm, and are difficult to extract or
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constant height in a continuous process and is at
| east 75% of the height of the vessel containing the

woRRhd/1s6358s Wi thin the stripping zone. The vesselr/us2008/006163
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preferably has an aspect ratio L/D of at |east about

2, or at least 4, or at least 6. Wi le the process can

be conducted in a batch or sem batch node in which as

the particles would not flow and the stream of gas can

be paesexiradtableg‘rommaidbpdlyeStqmamlymeesThe LAhabsorbing

di rection ocess is preferably c I, NuUO s [

b cRomPoLPES ArSre Y Breyiel e AR Ahel 2 0Ph ess Bhan about
the pgeg, 'thn%rﬁlﬂéﬁée bf)uw Htihv RIS V\Rﬂfblérfdtﬁ R 370Hm Wrough a

the particles are fed he vessel. A suitable gas

f | owbotileewalh 2 voilsc 605 maionh)ethm&mltabiel cpam;cail;y reactive UV
through at |east a ort on. Q e cle bed is an

uni cHBsarBing FADpefind? inq e SlosilSiehlnkitns PR s the
acet fJrArilyde on the particles exiting thevessel as
conpared to those introduced into the vessel. For
exanple, for every one (1) pound of particles charged

to the vessgh; per hour, suitable gas flow rates

i ntroduced ipto the vessel are at Ieast about 0.0001
standard cyb feet per mn?g{% or at |east
0. 001 SCF at | east 0..00 M H| gh flow rates are

) 0T necessary, and the gas flow
rate shoul kept! suffitiently low to avoid
unnecessary ener gy I:i:onsun'pt Pon by the gas punps, fans,
or blowers. Mireover, it is not desired to unduly cool
the particles or dry the particles because the

achi evenent of either or both of these objectives
typically requires the use of high gas flowrates. In
addi Whefeini f signi ficant cooling occurred, the rate of

s ol RS DS cPAEY! AF S an

| evel of cpslodikgl, s&hstmutédheyéloaikyh@dalhenf/ll of agpolyidxyalkylene

gas flowrate is preferably not any hjgher than about

0.15 chain, such as polyoxyXethy‘?ene o¥ po|y xypropy? ene 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 weight

ranging from 500 to 10,000;

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

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

R3 is hydrogen or 1-3 substituents selected from alkyl, substituted
alkyl, alkoxy, substituted alkoxy and halogen, and
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SCFM or not higher than 0.10 SCFM or not higher than
0. 05 SCFM or even not higher than 0.01 SCFM for every

woQ06s/1s83sopound of charged particles per hour. pGafisa®s/ 006163
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process conditions to mninze oxidation reactions,

di scoloration, maintain the It.V. of the particles ,
and renove acetal dehyde whil e keepi ng the production
costs low are to introduce the gas at ambi ent

t enper at uPes dyanbgeda gaoup shels asi ddnbamgl raaylgalkqfsuﬁbnyxlt

1500C t 17Q0C i nt t I
ves s SHIARY heteraacic alkahait oy bl 2 Ticto dursps may be
SCEM; L Bstit 0.009 SCFM per 1 Ib/hr of PET. The size

of the vessel is such that the residence tine of the
pellets averages about 10 to about 24 hours. By

T A T
rel ajd mrlrgg éﬁ%lk*ll%?él@l CYIOSIRGE cyARBAKPI alld'(‘)x%ﬂfyi EF‘u‘S/droxyaIkyI
process tines der tenperatures, and pro

pol yesaef; Bisgelected tiemelxydrpgeni wawkvlocmloalkyb|subsgtuted

or 0B neFR Yo B ARy, B By Mo B R e ke with
AA ang §@ﬂ51§tltaé|¢ts|9é$§ctéd\f@mﬁ a1 falkaexye hRlsas dikghoyldmino, or
yet higher It. pol yners are desired, the nol ecular

vei gﬁYamth?éghtrﬂer!a@@Hecﬂ lawerealkeyyylseiraight erbranghed alkyl and
Wi | gL )yﬁg%étitﬁ 'wm‘i qcé?éﬁ?éﬁatﬁgn&%f‘e‘ieét@ﬂt&fﬁ t@%%lfbwmg.

ti ne~and exXpense is ‘par y cofnpénsat e

r eduhtiogent nymraicblrﬂmiw@wwatﬁl@m pththallmidd lphthmimldlno 2-
phase. Mreover, solid stati ng?vvl [l further reduce th

AA cemr@monq (FYalolieky b Rhep; p nyl@&ﬁlytmv@w eyl alkaxy.
th
bl 3' ng Onéﬁpi?ﬁs{o ggdaq@ﬂto f’ﬁ"é;' hﬁ?ﬁlhfogpder oﬁﬁcg&&%uéfaﬁ'nyl

t he bénpdylsinéonieimido; algylpolforarnizio; pbepyisulforamidhase
alkenylcarbonylamino; groups of the formula
I
C Y
-
—N
’(I: — CH2
O
where Y is —NH—, —N—alkyl, -O—, —-S—, or -CH2,0—; —S—R4;

SO,CH,CH>SR14; wherein Ry4 is alkyl, phenyl, phenyl substituted with
halogen, alkyl, alkoxy, alkanoylamino, or cyano, pyridyl, pyrimidinyl,
benzoxazolyl, benzimidazolyl, benzothiazolyl; or groups of the formulae
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product. Such bluing agents include blue inorganic and
organic toners. In addition, red toners can al so be

wouseghsossoadj ust the a* color. Organic toners (PeTdiS2008/006163
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bl ue and red organic toners) such as those toners
described in U S. Pat. Nos. 5,372,864 and 5, 384, 377,
whi ch are incorporated by reference in their entirety,
can be used. The organic toners may be fed as a prenix
conposition. The prem x conposition nay be a neat

bl end of the red and bl ue conpounds or the conposition
may be phe-di ss vedFors slurried in one of the

pol yestef|'s raw paterials (e.g., ethylene glycol.) The
t ot al__anmpunt of ner conponents added depends on the
amount of\ nhepent yellow color in the base pol yester
and the efflg¢aCy of the toner. Cenerally, a
concentration of up to about 15 ppm of conbi ned
organi ¢ toner conponents and a m ni mum concentration
of about 0.5 ppm are used. The total anount of bl uing
additive typically ranges fromabout 0.5 to about 10

ppm onel n e e hg esterification

zone H‘s)t(gmc h@@%}?fg‘ﬁu%g@asgfﬁl% ﬁ& In one aspect,
the Wwhefsia Ry 6s sdieeted foinid, sl edlkyli and iatkyl sabstitated with
the early stages of the pol ycondensati on zone, such as

to ahploapsl pheneaangn—dhcysloalkyh ajkylsulbamd calkyithjio; aralkoxy;

caseyi. t e urLj i F I

and ?(flé Etrcj}(atz_s,’u_?(g?bz_é é%?e'as ez'\’/vlgltI ﬁ C%P Esgrgélgé #e?r}ﬁ?ﬁ‘lrégﬁgha%ael kyl

pol yswsiiiutealtdwgtm halmgen, ]SPenpw,yant, eyapo) @yuiamh alkylf alklyksulfonyl,

i nvention an ttle prefor made _from t hese po] yners

may alsyitaionand Ak aBdaMPEDE i u?c,Cbavﬁ'\gagﬁ‘P ¢$’Fb‘>é\he¥erogen,

rehegt.:+at p Sdi - ihot . .

pre %Emjeﬂ'é%gﬁﬁ?%tzﬁﬁh?'ﬁﬁk&ag'%ﬁ‘rﬂ%’fpi{g?@eﬁ)@fgf o g
o aalkowy sabs wi noorratkaat; pky,var. phenoxy substitute

varl \(/)vﬂﬁ 16—l§ ps%%tsfcifuetnltjsesctel\égpetdy f_rgr%néiﬁyltjgﬁ(tolxﬁ rr ﬁglgégn substituents;

and

P is cyano, carbamyl, N-alkylcarbamyl, N-alkyl-N-arylcarbamyl,
N,N-dialkylcarbamyl, N,N-alkylarylcarbamyl, N-arylcarbamyl, N-cyclo-
hexylcarbamyl, aryl, 2-benzoxazolyl, 2-benzothiazolyl, 2-benzimidazolyl,
1,3,4-thiadiazol-2-yl, 1,3,4-oxadiazol-2-yl, alkylsulfonyl, arylsulfonyl or

acyl.

In all of the above definitions the alkyl or divalent aliphatic moieties or
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 cyano. In this aspect, a preferred
class of substituted alkyl is hydroxy substituted alkyl. A most preferred

76



reheat inprovenent tenperature (RIT) of the polyester
pol yners according to the clained invention containing

wonebteahzsaddi ti ves, may be from about 0.1 C topal@isbo0s/006163
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110C, or from 10C to 110C. The reheat additive used in
the pol yester polynmer will depend upon the particul ar
application, the desired reduction in reheat tine, and
the toleration level in the reduction of a* and b*
away pblyester eotnpasititth goinbrises froay abeot 1®to about 700 ppm of the
bri ght ness val ues away from 100. The maxi mum anmount of
r ehefRacigRESIINE AdheiCRMRANSY one or nore of the
desired reheat rate, or maintenance in L*, a*, b* and
ot her col or properties, which may vary anong
appl i cati ons_or custoner r/%cﬁmrerrents. The inpact of a
reheat adds Q on the c r of the polyester polyner
may 0 m&"é‘t_r ti mulus color scale, such as
the CIE L*a®* scale. The N val ue ranges fromO to
100 and neasures dark to Ii@erCHhe a* val ue neasures
red to green with positive val ues being red and
negati ve val ues green. The b* val ue neasures yellowto

e NP A Bt o
are gbReyrseare furticradistlosed M U.SnP&¥ent 4l o1 37 thd@iselosure of

Technol ogy, pp.25-66 by Fred W Billneyer, Jr., John
W | ewhighgsriacorpenatedrhereindsy seferance: pbheMoabrarking by

f A f
S AT RS ST BB, o about .0

genepph by heightepteserabiafrofifabomtr 2 ppmetfoesitaduityt, 500 bpas tand

65, and nore preferably yet ab | east 70. Specifying a .

partnweﬂef@rawiWﬁs@@%@aéa And abRityoQG, mab%wevg&t-mD'mers

havi r AW : ' 5 t jnal [

e aBPR PYdtiEinmp corfiiids £ aisd BESIR MJIEEM IR0 or
more UV absorbing compounds may be used. Moreover, because the UV

absorbing compounds are reacted with or copolymerized into the
backbone of the polymer, the resulting polymers display improved
processability including reduced loss of the UV absorbing compound due

to plateout and/or volatilization and the like.

The solid particles produced in the melt phase process preferably
have an acetaldehyde generation rate, when processed in an extrusion
plastometer at 295°C for 5 minutes, of 20 ppm or less, or 16 ppm or less, or
12 ppm or less or 10 ppm or less, or 8 ppm or less, or 6 ppm or less. The
process of the invention does not require melting the particles at 295°C for
5 minutes to make molded articles. Like all 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
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is nmeasured, the polyester polyner actually used is,
for purposes of testing and evaluating the L* of the

woRbsyB83s8r pol ymer, injection nolded to nmake acRiBLARMI6163
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havi ng a thi ckness of 0.154 inches. The color of a
desirabl e pol yester polyner, as neasured in

twent younce bottle prefornms having a nom nal sidewall
cross-sectional thickness of 0.154 inches, is
genedelerminenwhethicec fylymer dbes ooddes abé pussess the feature,

referably ranging fromabhout mnus 2.0 to abput plus
b. 5 Boess S HDEhRTIAIoR JoF PAVEIR it BpiuaLY gade onjopsssed
[ ©SPBhlled PleRidicribed hiedWremeht Londitiond. STEE BBhaHbiS of 205°C for

desired to nmake a e preformhaving a val ue _
coor Gimiatitesr apply toCEAST of ninusOlsercextfusion plastametess, which

to a_positive value of |le than pl us 5..0 r l.es
 hannpYGLatNelY B Fasar s o siofinelt polvestet alftostiiantaneously.
2. 6. Minifinjéefors RAVE PhorRSIRGr, PieltidofydsteredlfricaRinstdiRafedissly, and
provi ded a beverage bottle made from a ﬁéeform

conpwilkieqyire maildenconditipas fo Ipjeducs abritihe samehlevel of AA. For

t he S f . * WV .

of 6B BBIE IR Seing pbn st sathniE L8 RyinEetd oot Bigrer
t her RveR oA igeadratiopeafesraiocdsing 8t 28SRE for@minutes than a
pref orm conprising the inventive polyester pol r

Wher GERS hEXiBEPB PIRSIARStETOESATE @ropes e at 293 Calor 5
val uﬁlir‘?&te O or nore. In various other aspects, there
are provided polyester polyners, whether in the form

of a nelt, pellets, sheets, preforns, and/or

et or v EERASHS 58 REss el b B9 AS8  1E Ston o

50”0 ConHyst edfydop fHs@p Bified; thEtb iR efod RiodPhis

| easpra@ess Redferablpbdve iaresluatiole th AA generatioreraté oéat least about

pol y%%e(r)r %lr ,nopfr§ least 20% or more, or at least 30% or more, or at least
40% or more, or at least 50% or more, or at least 60 % or more. The
reduction in AA generation rate is calculated by subtracting the AA
generation rate of the particles with step b) from the rate of the particles
with step b) omitted and all else being equal, dividing that difference by the

rate with step b) omitted, and muitiplying by 100.

In another aspect, the level of free AA in articles, such as in a
preform (e.g., 20 oz. preform), is about 11 ppm or less, or 9 ppm or less,
or 7 ppm or less, or 5 ppm or less, or 4 ppm. With respect to a 20 oz.
preform, preforms are molded with an injection molding machine barrel
temperature of 275°C to 290°C, or at about 285°C and a polymer melt

residence time of approximately 2 minutes or less.
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i nclude, for exanple activated carbon, carbon bl ack,
antinony netal, tin, copper, silver, gold, palladium

woRbéd/isos80n bl ack iron oxide, and the |ike, aspmhls26&8/006163
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near infrared absorbing dyes, including, but not
limted to those disclosed in U S. Patent 6,197, 851
which is incorporated herein by reference. |In another
aspect of the invention, titaniumnitride particles

may be adsexlblwioraesahge@wmhﬁst<i>rvprefbrras1yth|eohjebtldm|m’nasiglng

ol rrerlzatlon of the PET p mers, .or ater
P! Tanieg i Thed! euttRiiartp CalPUMG Bisomes farfgstng, that s, the first

pol ysg%%?i@éﬁ SRR ﬁ?%ré.gﬁﬁceﬁ. trﬁSctﬁ’ihépQJ‘vﬁFﬁ? stiBEssive

I ni shing zone priof to the pe I Zi ng
zonepreincmaaranpllepniedtfrdmtameglecaavayrmn@dt trext s, ztbeeme cavity of

l2|e| fﬁé?gbﬁﬁ]om t F‘l&?g %irr{réﬁg{y Etgaééj}}qsgé\%? }?2%? were hlstorlcally

sol i Ercﬁitﬂiekjnq}f #RCI® prefbiths M Bfeerandbhl E{rr'sbﬂa‘&'téd”to go in one
nltrlde‘partlcles may be added to the P lets I'n

conbbagi fivenmaire lare rardombyesiiecteditngo In}ceanotb\er egdang 10 are

M e e B T ihon' o
be agdes prefoihie ifiend freBageumtil they are grourR; ihdvever dhitdis not
machi ne wi thout solidifying and 1sol ati ngﬂet he

pol yessentialoisiesite oeRding; e prefetnss are ghilled i Ilqwd nitrogen.

part Tﬁleee%t??'ﬁré’#ofrﬂ d (ér gl S,}%r')\S“T Wid aol-ﬁ.‘ nérse‘cforms in

at any poln maki n e prefo

In emﬁnsnbagrwe oayogem@allytgmnndddnd ltwo sahirﬂegaré w:rﬂhelsawn for
can be added as a powd inaliquid

pol yFRSidR) e dine éﬁéesﬁ'?'\g} @gﬁr Eé'ngw‘@eéamleﬁ ?'@ﬁ"i’\‘dd?e kept in the
recy gbagde Pl itk t @ﬁ%&f}t&? fidel y oI yngree'?&rn% fh %@”d bag

virgin or recc as the rcarrier.
ir onawc@egem/madm greumad,edret twio ;allmblﬂskarel withidragvr forvesidual or

500 tre AR tsiingn UG sSiiss ererostapenmsi i b2oTHHS apdin

MOST rgHARIR ofden EAHSaRPIE isdtedtdPvag Ut

With late addition of a phosphorus compound to the polyester melt
catalyzed by a titanium compound, it is now possible to mold a polyester
polymer particles into an article, such as a preform, having free AA levels
low enough for use in water bottle applications without the need to add AA
scavengers or other AA lowering additives. Moreover, this type of
polymer particles having both low free AA levels and low AA generation
rates without the presence of an AA lowering additive can be polymerized
to a high It.V. (at least about 0.69 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 1t.V.) in the melt phase without the
necessity for polymerizing the polymer in the solid-state. Furthermore,
since this type of polyester particles has an AA generation rate low
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5.0 mm Suitable fornms of black iron oxide include,
but are not limted to magnetite and maghemte. Red

woi2068ms03spde may al so be used. Such oxi des ar e pcT/US2008/006163
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descri bed, for exanple, on pages 323-349 of Pi gnent
Handbook, Vol. 1, copyright 1973, John WIley & Sons,
Inc. The specific reheat additive, as well as other
additives (e.g., polyners such as pol ycarbonate and
PCR) enougto farauset indvater bottlecapplioatipot ydttoert thephgedto aﬂd AA

h i nf h
o | HEEORES AR 3 RO TS eT 1o PR f 51 1Bis DRl Polyester
' nvepéh*él X mg%hgébm@%ﬁusé %gﬁﬁéétﬁﬁs ftHasttheow AA

colo ustnment 1 n the anount
col ogamm(ad;lpn(ratesceqmbkie‘dr someawaten dotties) amda;hebblgh It.V. required

t I
corr Begeshbics. et phaduse of BolEElst airle sarbg Heed for
end Pe@ apilicatiahs Ovhifd aﬁmstmn@ﬁéaﬁﬁéhttts |ONEEfleE RA below
the conposition of the present invention to enhance

t he P@phoprantebegioping thesnisctionenpldingsprosesp ogybe used, this

cur + ARCRBBnodBESS WofRLbPhE K Rl o fich free A

ul tr ayiwduid bei reflire® e Sbeatfigesd PETCRItR3sHGsphorus compound
nucl eat i n? tagent s, other reheat rate enhancing aids,
a

sti cRjdediatee additives such as talc, and fillers and
the |i ke can be included. The conpositions of the
present invention optionally may additionally contain

one or noTaelésabionandrigngihngfthe A efrippirg pmss depends on
di sclosed in US 4,617,374 and m&\or&lr at ed

r ef ethe@@ouAt pf residya! %Piﬁm & gegt,@ggﬁryéner particles after
i ncl g@ﬁjﬁ% Ufﬁdﬁgrec td@ﬁé&hs @lf E&Ycﬁ‘lsel'&'i' r¥sidual AA
1d the po

boun yester ecu e as el t a conmonomner

a si methegrparticlesr whichemndygnamya pepsndmgkﬂretﬂd\apmtlbnn'@he

conpgrl#‘%%%t %F remduaﬁ% Ip)(esen'( in the polyester polymer particles after meit A
phase manufacture is desirably reduced, for example, to a level of about 5
ppm or less, or 4 ppm or less, or 3 ppm or less, or 2 ppm or less, or 1

ppm or less.

In yet another aspect, the free AA of solid particles fed to a melt
zone may be, for example, about 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 used to measure the level of free acetaldehyde in particles,
powders, preforms, bottles, and any other form the polyester polymer
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stabl e at pol yester processing tenperatures, absorb in
the range of from about 320 nmto about 380 nm and

woo6s/oddoi cult to extract ornonextractabl e fr ogra&2008/006163
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pol yester polyner. The UV absorbi ng conmpounds
preferably provide | ess than about 20% or |ess than
about 10% transmttance of WV |ight having a

wavel engt h of 370 nmthrough a bottle wall 12 mls

( 305 composition rmhy take. SHot pbf;ms@bmﬁmeéé.mmgemsidu& otffee

22?7853%{%2‘193“’.@2 néjgﬁl ne I udeés Stl dtﬁ'}E od described

al kyhejoryibstituted al kyl, aryl, substltuted aryl ,
cycloalkyl substituted cycloalkyl or al kenyl, or a
polyoxyalkylene chai n, such as polyoxyethylene or

polyoxypr each 0 onal avin
oxypr opyl tgg%%;g%l em%ﬂ?‘f qu h‘ n' Q’J} g%tﬁ%yde on
as aa*%la(h@ﬂfleOWhéﬁ'K&%Féwﬁhy;S@fet ééWdé’tObY %We%' féith§8ehe ASTM #
chai n having a nunber average nol ecul ar wei ght ranglng

a

fr orrF2003tQ9 test omghodl Sasnmel g snyogenicallyrarapnd diatoug

un VY i oRoBLS Wi ¢4 weh, fref e Mgt GouRBmrial nas

i nteg Cf%rﬁclbﬂsﬁié m@daaﬁwoquw,at Poitith ¢ ssmtpeé (0.20¢)) is
as hy ogen al k% substituted al kyl, all

cycl Waighe d into ar mL tqgaqi@pggq w@,esheqjed and then heated at 150 °C

b I
e e ke
or apgrymm' is Urgjbctesl @mbbiaoaﬂnlla@rr@C callimyl STHd freglacetaldehyde is

| sul fo het er ocycl. c, kapoyl, or aroyl, all of
\%Ycﬁee@@%@ hgepgr%bgftfrqq@gq;alde yde presentym 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 melt have the opportunity to covert to acetaldehyde.

The acetaldehyde generation rate can be measured on the solid
particles. However, for purposes of measuring the free acetaldehyde
generation, the sample has to undergo a second melt history in order to
determine the level of free acetaldehyde generated. If the sample is a
particle or powder which has not undergone a melt step in addition to a
prior melt phase polycondensation step, the sample is first treated
according to the Sample Preparation procedure described below, after
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Preferred net hi ne conpounds are those of the above
formul a wherein: R2 is hydrogen, alkyl, aralkyl,

WO%GH/B@JLS’GY' cyanoal kyl, al koxyal kyl, hydr oxyachls2608/006163
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aryl; Ris selected from hydr ogen; cycl oal kyl ;

cycl oaI kyl substituted with one or two of alkyl,

al koxy or hal ogen; phenyl; phenyl substituted with 1-3
substituents selected from al kyl, al koxy, hal ogen,

al kanbydrethiersample is saibmitted tatrghASTIM Er218:00 testanethod for
al kenyl - straight or branched alkyl and such al kyl
subs?%?ﬁ?@d with 1-3 substituents selected fromthe

fol |l ow ng: hal ogen; cyano; succinimdo; glutarim do;

pht hal i m do; phthalimdino; 2- pyrrolidono;

cycl ohexySampleRreparationy | Fenthetpurposel of/\n'telasarihglthe

3 : ﬁ;éxgﬁﬁlc?%n%engei%s{] cglr?rf%trg glgé)# tﬁﬁgﬁ%rrrno le’had not seen a melt
benzag&&ylguggéaugmd@ maltipHase! goidédsation, it is prepared

phenyl sul f onam do; al kenyl car bonyl am no; groups of the
f or mateording 1o this methashpier to submitiing the sample,io theASTM #

< aFRTS TR Saieles B eobr M B iound REG 2 3 mm

al kybcre@hmeye hebled hyarBven at dr 58Q ameler weudml (25-30 in. Hg)
pyri m dinyl, benzoxazolyl, benzim dazoly

benzwu thizd SiGHH rtbhm@e@ays%fortaﬁéeassm aé\NhMugahpvemnm drying

sel ! eg‘ g’romﬁ%'ergrqgf Wg% kyﬁ?@% %'gl"ﬂ%s , d ?V%P treatment

W t halsal sereed tgpdesortyto atvout,1 p|§iIN ord¢s$ te kegidual AA present in

al kylthseu ! grR//I pow?clié(y alf'ttc-:hrI r%elt phase on)iy synthesis and prior to AA
generation testing. If pellets had not been stripped beforehand of most of
the residual AA (target: 1 ppm or less), it was necessary to desorb
residual AA from the pellets. Pellets were ground to pass a 2 mm screen
prior to residual AA removal under the conditions described above. If
grinding was 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 pellets to
reduce the level of free acetaldehyde down to about 1 ppm or less,
including passing hot inert gas over the pellets for a time period sufficient
to reduce the residual acetaldehyde to the desired level. Preferably, the
acetaldehyde devolatization temperature should not exceed 165°C , or
more preferably, not exceed 160°C, or even more preferably, not exceed
150°C. The sample was then packed in a preheated Tinius Olsen melt
indexer, a.k.a. an extrusion plastometer, using a steel rod. The orifice die
was calibrated according to ASTM D 1238. A small amount of material
was purged out the bottom, which was then plugged. The piston rod
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Xis -CO, -COO, or -SO- , and Rl is selected from
al kyl and al kyl substituted with hal ogen, phenoxy,

woabd/isosspano, cycl oal kyl, al kyl sul fonyl, al kylpidiins20@m86163
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al koxy; and when X is -CO, R also can be hydrogen,

am no, al kenyl, al kyl am no, dial kyl am no, aryl am no,

aryl, or furyl; alkoxy; al koxy substituted with cyano

or al koxy; phenoxy; or phenoxy substituted with 1-3

su bsa'ssembtyswae et irethef toprofahé& plarreh| R34 gaveiphl wags placed on

iﬁgf g&%}@q%%d@ﬁépmd ﬂp F%Ff aé\pa%pe of the barrel. The

2080 y |
N- ar gF?rﬁ%any F@W%ty% o%@;qﬂgﬂam?bﬁﬂ% plug was then removed

2 beﬁmxtneotbqttqmmfbbeubamei aym gllarge-weight and@pergtbr pressure,

al oy e, PEAE s plihocd it STREHe T B ar oo gpatgr patn. The

abovexgigdate wa® P%ttéb %r?' é@dle@ in dibey &Y pRIceBhRE ffeezer until the
noi eti es or | oNns t he vari ous groups contain

f r omABTI #c2 B 80 testds @eafoiryped. 6 car bons, straight or
branched chai n. Preferred UV absor bi ng corrpounds
i nclude those where R and R1L are hydrogen, R3 is

hydr ogen Mtead\éwew FCEASRModel 3027 Modsai Meuteldow instrument
al kyl, and is cyano. In this aspect, a preferr

cl asi used; uﬁgtAA geeerailqwmroggarnyawt@tegdbgt thkmemtam a

i omBReie FALEE FE R SR als SRTRRRRH MoT FRRILERS

of t hanatesmimcbﬁshameﬂm ma)tetamldef médalnrthwtrhWeocﬁ the
manuf act ure and i ncor &] ation int E @Iﬁt ers are

f ur t Mistrugment; sete extiyaate is,pupheqo /PRl and into an ice
di sclas4 5 ftﬁ@&frhglesls'dbﬂ@[: n‘gtaﬁgg?ﬁg eéébl@%m a ba arEd

reference sor bl ng conpoun
in aptamdsn lefreezer wiiib the ASTM #tﬁm%OO(nésqasmebfprmed
wei ght, preferably fromabout 2 ppmto about 1,500
ppm and
Acetaldehyde can be generated in polyester resins with the Ceast

Model 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 platform that will push the material out of the
barrel until the piston is at a specified height above the bottom of the
barrel. The platform will then hold the piston rod in place, allowing the
resin to heat up and generate acetaldehyde. At the end of the specified
hold time, the platform extrudes the remainder of the resin out of the
barrel while traveling at a constant speed. These steps eliminate the

possibility of variability in results from packing the material through the
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nore preferably between about 10 and about 500 ppm by
wei ght. Dinmers of the UV absorbi ng conpounds may al so

woRBodiesko M xtures of two or nmore UV absorbi ngct/us2008/006163
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conpounds may be used. Mreover, because the W

absor bi ng conmpounds are reacted with or copol ynerized

into the backbone of the polyner, the resulting

pol ymers di splay inproved processability including

r edufiral dxtrasicoT stepe \LAfigbikitg it ioagling thEopolgiarés reduced with the
pl at eout a of volatilization and the like, The sol,id

D 1 67103 4 et Bt doang BF tihackmar s Bot autbmsted.

preferably have an acetal dehyde generation rate, when
processed in an extrusion plastoneter at 2950C for 5
m nut es, Atetzideipydeocan begenerated ippine above ssanner aver a

ppmor less or 10 p tLAle oAr m or | ess, .or

oo GmpealanosRBasBc 48 FreC; e Fiesh capitins fesdis are
requbbRine] befidr 275 hhal2e5 et BidRAgtPbf ime tRELresin is held
to make nolded articles. Like all other neasurenent

condinsidentheshairelshowsogepd resultsi wher betwern drand hzsinutes.

or ¢ hRE g BERd0 rotPges shgis HEP ssE erehuaRuf, AR biginction
oper pétwkrcoRteNalON Fonfite APegemeratioh Auetbers stateldor g
reference todeterm ne whether a pol yner does or does

not iyEBtaR, 29 G and Grminutegy wede 86dof whet her or not
the polynmer is actually nade or processed under the
descri bed neasurenent conditions. The conditions of

2950C f or Userdfithisanethod of dcetdldahydegeheratioh &hd tasting allows
extrusi on plastgoneters, whjch have relativel

shealor $5EERMUNG 6f PRiVestgidesBstier agetaiighyde ge#erggc\;\‘\ without
I nst ﬁ@é&ﬂ@g#ﬁ)eyam%ms'éf%ﬁférfyl ?or}@{?ﬁudéﬂv?\{r‘%l Si8Pas niBidihg of

pol yest er st I'nstantaneously, require
m | dbottieqrafdrmsnsAs tittler axi 10 graimswdof materiabmayl ey akedin this

'r?1An| Eﬁ%eg)é?ﬁg&iﬁé Mﬂ%gg%ﬁ%gﬁl Iggséﬁéry?a%%jeﬁer ation
after processing at 2850C for 5 mnutes than a
In the invention, it is now possible to provide a feed of polyester

polymer pa.rticles 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 melt phase production of the polyester particles no
longer has to be controlled nor restricted to the low production
temperatures to produce polyester polymer particles having a low level of
residual acetaldehyde (e.g., less than about 13 ppm). Instead, a polyester
polymer particle having a low level of residual acetaldehyde and a low
acetaldehyde generation can now be obtained from a melt phase
production of the polyester polymer with an acceptable throughput or
production rate. By this method, a robust melt-phase production process

with a wide manufacturing window is feasible in which the addition of an



CEAST extrusion plastoneter does after processing at
2950C for 5 mnutes. Conpared to the particles that

wohaweishsen made with the addition of a catal ysr/us2008/006163
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deactivator in step b) omtted, the particles produced

by this process preferably have a reduction in AA
generation rate of at |east about 10% or nore, or at

| east 20% or nore, or at |east 30%or nore, or at

| eastcdiaidetydemcayengeras niokaetesddy or desirable owhigh allows for the

| east 60 % or nore. ductlonlnAA ener t|on
| orolisg OF 4 copVaRtaial | cataeL epmp@szm A @@ﬁrﬁaﬁl%n

[ he’ 8laridindiariic BBiyesich sthifleltl 4 high 1 I° 4Eadivating the T
equatataliist sucmthat mvdrﬂdmomauy:hyde pr@meswstdoegtrtqi occur in
b tt d | ot t,.

Uhe et tiseatBne Bnstel it afsr e Saguinilss Htn BBREsn the
(e. gme|t2&1aéeormyeﬁaﬁﬁfhctwuﬁgqﬁ@e@sslénd)amm sh6§équé?ﬂ nYelt

ppm or |ess, 7 ppmor leéss, or 5 ppmor less, or 4
ppm PWQGBSlﬂGspedlCIQSd'I%/"mﬂmApr tfoomaking preirms earebe provided

nol d di ng nachi ne barrel
tenp r%‘ﬁiﬁ%@?’ @%@b@%c or at about 2850C and a
pol ymer nelt residence tinme of approximtely 2 m nutes

or less.Solely for testing purposes on prefornB t he
i njection nDIdlnq machi ne is |ined out prior
¢

col | ect i na Erm g8 of the fné’ﬁnt'ﬁ@ ar?l‘i’érlecﬂﬁ or m%rqqtlygacggged as
ShOt 3 BHIintb SAHSY chRfairidts SvBlith Vt‘h I customers or

wenty SUCCGSSI reforms are collect roma sing
caV| tistninltdrs. tlhaﬂ pieferréd ¢o subjetcam& grysfalliztw earnjblesfto@ny

whi ch f th the hi t AA test
i st Brdtess dessrbat hete n TS St e ahiner Fipg the partices at

randg ml Yoirft 'p?i‘é? ¢! ph@k@é]n%; he 'b%rtlg?ﬁs irftd ‘éﬁlﬂﬁ?ﬁﬁ caﬁélners With

randomy selected to nto ag, and
r et atheeeb(dautlohmflﬂwdgatawopoimnaahm dbeipagticles nnmebe@ubjected
The {:onventl on,iLs. fo . .

o numerous additional processing steps in-between any of the expressed

steps.

Shipping containers are containers used for shipping over land,
sea or 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.

The shipping containers contain a bulk of polyester polymer
particles. A bulk occupies a volume of at least about 3 cubic meters. In
preferred aspects, the bulk in the shipping container occupies a volume of

at least 5 cubic meters, or at least 10 cubic meters.
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keep preforns in the freezer until they are ground,
however, this is not essential. Prior to grinding, the

wobktoed/ 8% are chilled in liquid nitrogen. The peatid2608/006163
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preformis ground, per ASTM F2013-00. The five
prefornms in the first bag are cryogenically ground,
and two sanples are withdrawn for residual or free AA
testing. After grinding, sanples should be kept in the
freezer until it is tine to test free AA. The five

reforns in the second bag are cryogenicall round
Bnd two. sINBNEasRREt dheteds avides Tirihas polySster palmer

t est Eggidgg}@oﬁ?ﬁgﬂngs are tested per ASTM F2013-00 and
in random order. Edch sanple is tested twice. Wth

| at e addi wndhVobdf at lehstpboutid2 dbigrongreater, oh6.74 dL/g or greater,
pol yester nelt lyzed.,b titani.um.conpound, it is ;.
now possi bl e PBB%Ey%r%?@gge?r @goﬁpelp oﬁagr?gtar,e%btamed Ina
into an arti chiylt shide pslymerizatfion Prodadtiong free AA

| evel s | ow enough for usé in water bottle applications

wi t hout t'agjdélq‘%lég gf%n%ggm%aﬁat’ BEESE0M 20U dMMeast 30%

| owering a reover, this type of polyner

part1 ¢l s Jfayidg Betid ytd‘;?gggeﬁﬁ AR 1D i Jr e \Br 5 ppm or

generation rates w resence o

| oweri ng addi lgsgcocdppme opdegsreri zed to a high It.V.
(at | east about 0.69 dl /g, or at least 0.70 dl /g, or

at | east @tafdudl atoths,Or at least 0.74dl _/g, or at
| east 0.76 dl /g, or at least 0.80 dl /g, or at |east
0.82 dl _/ heépﬁérds?éié 0.84 1t.V.) in the nelt phase

wi t hout the necessity tor polynerizing the polymer in

the soli d'aét i e:?%lpggﬁ}%%gﬁélﬁ%%gn;ria?&f‘ests%ﬁnta\b%%t 9b ppm, or less

pol yester pa eneration rate
| onenough f or thare18 ppwatariesotHdnel Gipphi, oatésythani 14 ppin, or

the need to add AA scavengers and can be pol yneri zed .

to a high It.lgss tf‘ﬁﬂsﬁtwg» Bfaﬁ%g%twbh” ﬂ%‘@'ﬁgﬁﬁ‘%e generation

bei ng sui t abl M I d j 10b )

| ow AA gener af‘alt%gfr at e r?ﬁéﬁi?e |¢%§H§%1%,e&r@§tﬁgg %, or

and the high atledst Betiared least 40%, or at least 50%, or at least 60%
or more, relative to the composition without the addition of a

catalyst deactivator,
lacking organic acetaldehyde scavengers, and

which have not been solid state polymerized.

These particles preferably have a b* of about 5 or less, or 3 or less
and an L* at least about 55, or at least 60, or at least 65, of 70 or more, or
73 or more, or 76 or more, or 79 or more. These particles preferably do

not contain AA scavengers.
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for CSD bottles; therefore, one type of polyester
particle can be used for both applications. Wiile an

woMogisosfppi ng treatment to |ower free AA bel owc3d/iR00s/006163
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prior to beginning the injection nolding process may

be used, this AA stripping process woul d not be

required to renove as nuch free AA as woul d be

required for Sb-catalyzed PET with a phosphorus

conpound &ydéidishedt pattices ecohebat partitidsethgt haeé beke sibjected

or cs BRE RRLHHLS ayaacbrer 9 MARE g confition figeded to

phas gramite 2 pharicie ?é‘é’dyofbr(fééalﬁgﬁﬁt% dr‘?@ﬁﬁbﬁbé@tééé%‘élaft@d with a
residual AA in the particles, Wwhich fray vary dependi ng

on t moldipgimaehinerer ditestisto @molsting swiahing used pfmetmvemng

ranu PR Sl Yo Rt DuRes BldcEeali Bt Befformed by

| eveth&@paiemimanupsdturgr. | ess, or 4 ppmor |ess, or 3
ppm or |less, or 2 ppmor Iess, or 1 ppm or Iess. I n

yet anot her aspect, the free AA of solid particles fed

to a rrel t ;%%”ﬁmﬁ%% & bl fomiE n‘?elt ﬁ% Esﬂ‘n?; t@ggﬂoyester

| ess, ppm or | ess,

| ess paﬂiltﬂaesf byewkmenbenaHeehmuqdeQ Rnowhitd thasé ot bkifl. For
or preforns. The nethod used to determ ne the |evel

f r ee©XAMPIE, th?%Pygg'ft@ﬁesp@ﬂyﬁ?é'fze@dﬁpﬁ)ngfe&nOf qyﬂaglzgtlon of at
test éﬁ%ﬁ@uﬁ%‘?ﬂév ﬁg ?Q(%ﬁ? 9%nadiihe f?rgﬂeltgé?&hu%d Snd$5dction

to neasure t ree aceta
par t noldimg thewdelt nto ;slhabes rssich ket prleéurmsasmitabh@f fart dtestch blow

form pol est er Sltl on t ake.. For. o

o pBRIGBNAEBeERBE o depd GanERer, Sealtiet GedAlRRIon molding,

the ﬁ?éFElyee)ktﬁJdlﬁéﬁrﬂg &ﬁéPfdi'hﬁ%Jc‘R ddénedt resitaiis Bl‘d&%@es for
formlng the articles are known and include extrusion, extrusion blow
molding, melt casting, injection molding, a melt to mold process, stretch

blow molding (SBM), thermoforming, and the like.

Examples of the kinds of shaped articles which can 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 trays; 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.
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The test procedure for neasuring the |level of free
acet al dehyde on a sanple, whether a preform pellet,

woRowgignssoor other formis the ASTM # F2013- 00 picgals2008/006163
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met hod. Sanpl es are cryogenically ground through a

Wley MII| equipped with a 1.0 nesh screen. The final
ground material has a particle size |l ess than 800 mm

A portion of a sanple (0.20 g) is weighed into a 20-nL _
head- spac & anather aspeetiofahd inventidne there iaprdided@ process for
Si xt ﬁ.ﬂnutp&s1 After .heating, the gas above the seal ed
sanp g BEFIGHPYRBISING: i njected onto a capillary GC

col um. Tg? fﬁﬁr%dﬁéﬁgeﬁoqtawvéétér SEPRERpSHicled) thalit)y:

e
ppm of free acetal dehyde present in the sanple 1s then
cal cul at ed. The amibhhiof at leaséabputfy@edldgl ouatieadt 0.74 dL/g, or

bresent in the sandl EaSk87e a8 el AEleATED SREFLA AigHER in met
generation rate onpRasé poREnerization, sufficient to use

this ASTM # F2013-00 Method as described above without

subj ecting the pc{gé%éﬁ%ftg&ggailwtglrgﬁ{att gt 2Jpbst ory

since by virtue o pret e pellets are

nce b . rorm | .
melted in an exty F&‘?cjﬁué?rdc‘éfalagh%du g&bkﬁ%ﬂg‘g@% BPiesBY

melt extruding or injection noldin ursorsin
the polynmer nelt have the o nity. to vert to ..
acet ol denyde.  THESAbEs & auRgeonstisrlioh St Comfosition
measured on the sokbghppigirg GtaAfim Epueieer, for purposes
of nmeasuring the free acetal dehyde generation, the

sanpl e has to Undef&‘??@e§8f39'&‘§t£?§ttdéﬂggi¥§fg¥, br'éf@rra‘?)ﬁf%ontaining

to determne the | evel of free acetal e generat'ed.
If the sanple is appesphaius alomsowder whi ch has not
undergone a nelt step in addition to a prior nelt

phase pol ycondersat lackingtadded tyanioptetaldehydesicavengers,
treated according to the Sanple Preparation procedure

descri bed bel pito aghbR prbesdsiidi2ond BRbeneBing Uhgiparesles € form a
the ASTM # F2013-00 test nethod for .
molten polyester polymer composition; and

(i) forming an article comprising a sheet, film, strand, tube, fiber,

or a molded part from the molten polymer composition,

said molten polymer composition formed into the article
having an acetaldehyde generation rate of less than about
20 ppm, or 18 ppm or less, or 16 ppm or less, or 14 ppm or
less, or 12 ppm or less, or 10 ppm or less, (as measured by
melting a portion of the polyester particles in an extrusion
plastometer at 295°C for 5 min.), or having a reduction in
acetaldehyde generation rate or in perform AA of at least
about 20%, or at least 30%, or at least 40%, or at least 50%,
or at least 60%, relative to the same composition without the

addition of a catalyst deactivator.
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anal ysis. Sanple Preparation: For the purpose of
nmeasuring the acetal dehyde generation rate, and if the

wosAPisezdnad not seen a nelt history subsequentpciroug¥edsioos163
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phase-pol ycondensation, it is prepared according to
this method prior to submtting the sanple to the ASTM
# F2013-00 test. Sanples of polynmer powder (ground to
pass a 3 nmscreen) were heated in an oven at 1150C
under vacuum (25- 30 in Hg) with a 4 SCFH nitrogen

purge for at |east Al t hough overn ht dr
Dol b Lnihis SeBRet. T Patakzen RaVestar Pabg: PATiFBS produced in

ext eﬂ{E%elﬁ} é-‘g%ster 5L BAE t8aAgh § Veand ardlp é&’:ﬁlﬁ gﬁaﬂb%mable

1 ppm or the residual present 1nt
powd éeredhfct thie melttpnpd:mgmd)rye by raverg bothrdwesmuai o AA

t] { ti | d t.b t
E’,Zf”?a%ﬂré.?pﬂew%%n%i‘c? adowdretaidefydE HeRgratioR gis withBBEfhe
S‘F‘és)encbtof%‘étél%ﬁ?&@&b!ﬁéhg&§ N the 65r'ti@lé%' feBAofthe Mhelt

the pel lets. Ilets were ground to pass a 2 nmm screen
pri opracessegy zrmﬂ Inthisease Ithe agetaldehydsogenenatins is measured

ok coh g eAnes e g e S EPenaiRfEp seinnlBily Gescrived

desopBové b ﬁﬁpért%n%ltcmét@ﬁy ioethe [Sa?'tlélbﬁuﬂn 1h|§|%i§1p@bt the residual
| ess, duetothelar? particle size (lo

g. ff agetalﬂqfam) cambe lewetegiiodess tha aj@wareacetaldehyde by gas
Feay e PR Ef ALY BOBuERT ricfn I RRAGALE Bo0Elign ocess.

ppm GUrtheSSheldacély@h d@@mamrwmwthemﬁemba@yat lgase partially
pellets for a tine period sufficient to reduce the

" esi Miwbitssibe: Hicripyakrasiyasndbe nabmepem converting

fgﬁ%g?g@ﬁégﬁ%&%&ﬁhﬁ@g%g@ ‘i’cféggjg%t 'Iﬁ%lsoébpect the particles fed

pr ef & thid meltprbcessipg dohé @E preferatvy nnortnsobd-ptastéqmﬂyrhgnzed

not %gep%?yester particles made by melt-phase-only synthesis have a small
surface to 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 about 0.04 dL/g, or not

more than 0.03 dL/g, or not more than 0.02 dL/g.

In another aspect, the molded article preferably lacks an organic
acetaldehyde scavenger. In another aspect, ingredients added to the
solid polyester particles at the melt processing step do not include organic
acetaldehyde scavengers.
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1500C. The sanple was then packed in a preheated
Tinius dsen nelt indexer, a.k.a. an extrusion

woRb@stses¥et er, using a steel rod. The orifice @ceUN3§08/006163
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calibrated according to ASTM D 1238. A small anount of

mat eri al was purged out the bottom which was then

pl ugged. The piston rodassenbly was put in the top of

the barrel. A 225 g weight was placed on top of the

pi st on r oth another dspéet, thozteds provided @eprotess torbmakiag .articles
The gol mer was held at 2950C for 5 min. The orifice

pl ug ”FWQn renoved fromthe bottomof the barrel.

Via a |l ar
ext r udat e %‘1 %lebcfﬂg {s%g pggr r eII ﬁ?lggmavﬂ%ge
wat er bat h. Thendtc’s/r oﬂat leagh 8. 72adlt/gbbdaiped Se araltiphasen

bag and placed in reezg until the ASTM # F2013-00
test is perfornmed® xmteg(.ﬂ PMvely, a CEAST Mbdel 7027

Modul ar Melt Fl ow i nstrunent generation
programis ini ?ldﬁ%ﬁet"rﬁ&wwlﬂ'nﬁ\ﬁﬁfﬁt least gé%en'per ature
of 2950C and will extrude the nelted PET material in 5
minutes at a caresigval aretaldehydedsvelaf Heapmoriigss,

firmvare of the instrunent. As the extrudate is pushed

out of the bar residaes of atpplmorideesaamecatﬂystcomwsition

sanple is collecte at t seal ed a bag and
placed in a freez%‘?maﬁ?'f'p%&ﬂ c&e%, -00 test is

performed. Acetal dehyde ener at ed |n pol yest er
resins wth thj:a %C‘W@&g}‘ ?%al\&ﬁﬂg?'é% Mel t Fl ow or
any simlar extrusion plastoneter instrunent; however,
t he Ceast 702t amelt pracessing 0N and W'%&mﬁéaﬂﬁlﬁs to form a

aut omat ed f AGhE ROl Gy HBP LblRRIidedYRe [ ot

varlablllty ymaln arni onsi's act tines

f h d h b .
par t1 cul At iBERINeGEn Picie Eﬂﬁ}xﬁffSﬁss'c%”SBS?EtSS@nguF b 054 molded

packi ng of %ﬁuﬁ frof theinoltéh polyahér €mpbsitibASWherein the article,
procedure. The instrunent is
such as a perform or 20 oz. bottle, has less than or equal to
about 10 ppm of acetaldehyde, or 8 ppm or less, or 6 ppm or

less, or 4 ppm or less, acetaldehyde.

The amount of free AA on the molded article can be measured by
ASTM F2013-00. The molded article is made using a barrel temperature
setting of 285°C and the melt residence time of approximately 2 minutes.
Performs can be made from the particles of this invention at a variety of
injection molding barrel temperatures and residence times. Specific
injection molding conditions are given here only to provide context for the
numerical valdes specified for preform AA and not to limit the invention to
certain injection molding conditions. Alternatively, preforms made from
the particles of this invention have a reduction in free AA for the perform
of at least about 20% or at least 30% or more, or at least 40% or more, or
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equi pped with a notorized platformthat will push the
material out of the barrel until the pistonis at a

wopezishised hei ght above the bottom of the bar pelrusi®igoosies
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platformw || then hold the piston rod in place,

allowng the resin to heat up and generate

acet al dehyde. At the end of the specified hold tineg,

the platformextrudes the renainder of the resin out

of t btaldaat 6% ehmoee t dreatdea st o mothv&tnﬁm@forms made

Thes s elimnate the possi |I|t of v biljt
e ot 8 reThp poR Withouk Bveratdiion ot et dnastvle
extrusion step. Variability in | oading the pol yner |s
reduced with the design of the barrel, but |oading of

the pol y”ﬁhrh{éﬁgﬁé%ta'tﬂeofé@é?gf réos‘?oq}aqla@?wg gﬁlsbrﬁeasured on

gener at ed in ove manner over re ran

of 2fi atticle3@u0k . asTdre amreforannini thisrdse, easséctmdamelt hlstory (melt
obt ai ned between 275C and 295C. The | engt h of tinme th
r esi Mandfagiugng iscountedasther st s Rauimrated to the Pfeform

wheng Qﬁfp‘ﬁ@iﬂcg tﬁgﬁg}"tﬁzlé@ Wé?gm%ﬂ%bemrtﬁ@qgjeg ion rﬁ&?ﬂ'@ machine.

m nutes shows t est repea Ity an stinc
bet wkba amoanti ofiresidaat ad:étald@hygermeaem]n thapgaeticles after drying

nsccbUt REPTP hiRciSH RN o8 SRR rod 1 fsidual

and hesfdidehydel e bBlaiféd ﬁ?fHé‘ﬂel%mﬁ’O' yester resins
for acetal dehyde generation w thout needing |arge

amounts of material for evaluations such as nol di ng of
bottle pr

e used | A HiF Bieliioeesdingieiryer YBEE POrpPteals fin B%dded

| abofctrey extAriarte€ enhafcé e 'pBVf@ﬁhbﬁBe ;irépémea@mhe pellets.
possible to provide a feed ester

Do ¢ These cRtRonaniS oy bioArded naebiatie pekinaliasser pallets or in a

oxt r [OHE i or AEBE 3988 15468 bk Solverter pgptsana soii

acet pblyebisteonsdntratecvoritaipied delepdeabentcd Stwio% sfathe.component
in the polyester polymer let down into the bulk polyester. The types of
suitable components include crystallization aids, impact modifiers, surface
lubricants, denesting agents, compounds, antioxidants, ultraviolet light
absorbing agents, colorants, nucleating agents, reheat rate enhancing
aids, sticky bottle additives such as talc, and fillers and the like can be.
included. All of these additives and many others and their use are well

known in the art and do not require extensive discussion.

As described above, the catalyst deactivators are added late in the
course of polycondensation or thereafter but before solidification. In
another aspect, while the bulk of a catalyst deactivator is added late in the
course of polycondensation or thereafter but before solidification, a portion
may be added earlier in the course of polycondensation. The impact on
production rate of any early addition of a catalyst deactivator needs to be
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Advant ageously, the nelt phase production of the
pol yester particles no | onger has to be controlled nor

wo'%6d/1sosd0ed to the | ow production tenperat ur epctrais2008/006163
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produce pol yester polyner particles having a | ow | evel

of residual acetal dehyde (e.g., |ess than about 13

ppm . Instead, a polyester polyner particle having a

| ow | evel of residual acetal dehyde and a | ow

acet ebusitdgrie; erefoné] only caralimotioes, dbary, shduld meradded early. In
mel t ase oduction of the polyester polynmer. with an
occABaBRg. Whes JimpabesiermebonER caielst dgadinplor dd6d

W doComsioldtR) ShrIEPl EHoES Ry PO} 30RO T o dotafst

addi deactivatoranay aohbdalsyeftedclive at fayearingsAAgenesatinseatyg as the
or desirgble, which all fgr. the use of .

conv e QR sprouct AaRed FB s MEGHE e B anissue s the
advaperEPEHgerdf thBRo Lihist deBetivatBf addedphbtd thte Mddition, as
By deactivating the Ti catalyst such that conversion

of adefingdiearigs ipereagesors does not occur in the

subsequent transfer piping after the vacuum has been

rel eased in the nelt-phase-only manufacturing process

and duri ngh aUHIEEAYE e BSpéctIvIsteIné Bital AAbLNCHRSatalyst

having | ow AA fit for making preforns can be provided

to afeacljvaten isaddsr durinarte inelb phasserasess fel makipg thee

inve r eghly : .
pul KBONESERENRNSS T fofier abbectfater i et actvator i
t o cadtiedts theopolgester pblyhwerdn at tedss twas pbrtionsdat least one in the
subj eci t he c‘ré%st allized particles to any process

desch 386 RIPReS faf suakingthe, pQW&F@"B@FWﬁ"ﬂ ﬁblepﬁgone other
part . . c -
par  EPEEpBint BRIy EXERboly ek ds GGt BE before the article is
of sfdrmidsframndhe plojyesterzzdlyroer, suich gsaduring reeltprgcdssing the
fﬁ%ggl&gg@tr% l#rggrrtgﬁaggghéﬁ gl@tpcégﬁlgﬁﬁéﬁglyséoer%sin an extruder

or injection molding machine for making the article. In yet a further aspect,

the total amount of the catalyst deactivator is added after solidification and
before making the article, for example, during melt processing of the

polyester polymer into a bottle preform by injection molding.

Partial or total addition of the catalyst deactivator 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 catalyst
deactivator can be added directly as a neat stream, or in a slurry or

dispersion made with a liquid carrier, together with a stream of the
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Shi ppi ng containers are containers used for shipping
over land, sea or air. Exanples include railcars,

wOo009/rshssact or trailer contai ners, Gayl ord boxegrshbd8/006163
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hul I's, or any other container which is used to

transport finished polyester particles to a custoner.
Custoners are typically converter entities who convert
the particles into preforns or other nolded articles.

The pblyppienqpohnmerabarﬁclesdoMel'melta)rbuéd;sing Zpné yceatm the

pol y arficles. A bulk occupies a

P oas Brigkar TS, 4bione A8PEFLan A ae s Pl BRyeRteEpolmer

bul k [

s PoRCE o BrBBLOG oM 2 AL pRES BlckBaf WHRHCE calat
one deaetiMaton aggdeas iate, ;anderStaIIIIZedJ f;llﬂewedthywﬂemahng the catalyst
pol y article risin

Do Peagiay it e pEREREr Paymighny apyorRgngidusiqp or i

0. 76He etfRRirfortibn_ b0thedhjeltiSh n‘i’éldfn? ProCEE LRI as that used to
obtained in a nelt phase pol ynerization production, a

degr melidrlend polidi liquid, ©of nasltest ingeedientsirtota stream af polyester

| 22 boiyfidsdn BB ey 4 Hhal GG R & mBlaeAiftibe ) an

t | t aBkiriiieh irrthe ipfEetibh oholgingt ;§’rﬂ§'ées§lrbﬁ!ﬁe&ﬁdihl'n?j ﬁhdﬁ*ﬁ‘ other mixing
generation rate | ess than about 20 ess

18 ppRYicer In this aspest. e slid palyestesBolymen lp@ﬂllcrjgﬁ-rprqﬂuced from
gene? e Riaad BceRs viHcER U Rl st do et 2Rkl T pre

or abpliceally pft‘G%lceﬂ wah dreagh crstallinity &3 uhdergb atD8atrudion

at | eaﬁt 50% or at |east 60%
without wrapplng the screw, that is, the polyester polymer particles are not

amorphous, and hence, there is no need for a separate crystallization step.

In this aspect, 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 preferred since reaction with the
catalyst in the polymer carrier may lower effectiveness. [f the catalyst
deactivator is a liquid and is added neat, a mixer at ambient conditions
could be used to coat the pellets with the liquid additive prior to entry into
an extruder. If the polymer concentrate route is used, the concentrate
pellets could be dry blended at ambient conditions with the made-
exclusively-in-the-melt-phase pellets to make a 'salt and pepper' type
blend. These same comments and approaches apply to melt blending the
catalyst deactivator with solid-stated pellets.
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or nore, relative to the conposition w thout the
addition of a catal yst deactivator, |acking organic

woeelahsiehyde scavengers, and whi ch have not begrisS®lsiofsiss
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state polynerized. These particles preferably have a
b* of about 5 or less, or 3 or less and an L* at | east
about 55, or at |east 60, or at |east 65, of 70 or
more, or 73 or nore, or 76 or nore, or 79 or nore.
These par Thid wemtéﬁ pattiziujariouseful i€ the peltetd\are solid state

Chat PRTeTisel, agoimetetne ThE s+EhSL AbReiEtnuRIPR DSk Bhase may
to aj drhs |ﬁ§JQﬁ§é§ld&%%B‘§oﬁnh% ﬁ%}l@d If SnP HREIHES tRsolid state

partIC e rea feeding into er hoppers
assopolytretizel thb polyastei pglletaplhlmad\cantage@as tojada thee catalyst

gtr) It ?:qg%%tma Y ﬂnﬁ?ﬁ%‘ed f"%&ﬁ‘ ﬁ(ﬂ?g‘%lgrﬁ%jlﬁn art I fgage pOR/menzatlon

perfgﬁﬁggsby t he partlcle nanufacturer. The articles
can be fornmed by nelt processing the polyester
particles by any conventional techniques known to

crystal | BEoe Bok8H, fEEBYE nefPu&inade Rk S5 yester polymer
| easobtaiiad by tHé prycess o tHedingeRBsMivilEhavd arfret bf at Ieast about
extruding and injection nolding the nelt into shape

suchS@sorAtdeastA0, qiijat ianst 6poer Shleasro.un @wothﬁrcﬁsn@ct the bottle

o ORISR SRS oA b} I¥procgss o e
suchingentidrewill haske b divalye otrs gesatéothahabout §.0, ke no greater
[ trusi on, extrusion

B! ouiEB HDRG NI ET N BRRg g L Bridhitesh o i leeei 0. &r ablaast 60, or
to ”Q!l?a@fé&‘%ﬁsat I%éét%%'ﬂut bpow nol di ng (SBM),

thernotormn he 1 ke. Exanples of the kinds of
shaped arti cI es which can be formed from

The quantity of phosphorus as a catalyst deactivator added late
relative to the titanium atoms used in this process is not limited, but
consideration is taken for the amount of titanium metal and other metals
present in the melt. The ratio of phosphorus moles to titanium moles is
desirably at least about 0.15:1, or at least 0.3:1, or at least 0.5:1, or at

least 0.7:1, or at least 1:1, or at least 2:1.
This invention can be further illustrated by the additional examples
of aspects thereof, although it will be understood that these examples are

included merely for purposes of illustration and are not intended to limit

the scope of the invention.

Experimental
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the nelt phase products and the pol yester pol yner
conposition of the invention include sheet; film

woRa6HaE3300 and cont ai ners such as preforns, beicth®3008/006163
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jars, and trays; rods; tubes; lids; and filanents and

fi bers. Beverage bottles made from pol yet hyl ene

terephthal ate suitable for hol ding water or carbonated
beverages, and heat-set beverage bottles suitable for

hol di ng bdherlayesaliesadesaribet dbhraughbatithisidescription are set forth

bott|es are exanpl es of the types of bottles which gre__ .
el b8 Wi a3 Gaiculated @i BherntWreasy sRgasied at 25°C in

Ex j . b
A% Rkl 4051 98 ALl AR e

I nvesamples amaqiie_sblsgdrip\the_dsdlvenpat_)a esncémtratiarkofn@.25 g/50 mL.
ol yFor SAEPIRLIrks Tambiss Sartpt, e gscasity S3b¢ TRbaner

0. 72 5@jutibfs ié’fie@rﬁiﬁ%s@rg@%b&& Gi%fssaé?giﬁfi‘ﬁlp\llqigcgrﬁeter. A

dl /g, or at [east /g obtained in ase
pol ydescriptiaroof, the apegatirg pfinciples otithis wiscogmeteratar bafound in

20% ' cet al dehyde | evel o 0 m or, | ess

Fes: AIRE 4665 ic ihedRatviSess s shlrateBTfuS the Gifasured
CONMPEHRItIBE Viddodity UMheRfbRing éqeatibrRSdédcridetichl satdtion
deactivator, preferably containing phosphorus atomns;

and ViseRbitymensderoegtnard subsequrstigalculationsnigdhsy. and from
i nt ogﬁwgg hb\ﬁroce55| ng zone and nelting the particles

to f ten pol yester polynmer conposition; and
(ii) formng an article conprising a sheet, film
strand, tube, fiber,

Ninh = [In (t/t))/C

where ninn = 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:

Nint = lim c0 (Nsp/C) = lim 0 (IN 1,)/C

where Nint = Intrinsic viscosity
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or a nolded part fromthe nolten pol ynmer conposition,
said nolten pol ynmer conposition forned into the

woobd/Bossohavi ng an acet al dehyde generati on r atperafs2b@®@m96163
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than about 20 ppm or 18 ppmor less, or 16 ppm or

| ess, or 14 ppmor less, or 12 ppmor |less, or 10 ppm

or less, (as neasured by nelting a portion of the

pol yester particles in an extrusion plastoneter at

2950C for 5 mn.), &, EoRERMivE iStdERY | BNt ftN

acet al dehyde generation rate or in perform AA of at

| east about 20% or mmp=I1Speaifi@dsgosity atnd edst 40% or

at least 50% or at |least 60% relative to the sane
conposition without the addition of a catalyst

deact i vat gristhiméh Sal®?aRsH invbivesatipliostede Mo/ 864 &tandard
pol ymer particles produced in the nelt phase are nmade _
t o arefegenae materigl @ngdrtbeprapplyied agprepriaie mathentasical equations

t he Sq e i I resj

acet 1 Bledlea RS BEARNZILY . PALRTTTRE tilep RS b or

wi t hodglibration Bhat &eogititih pefige) MDA, i edY SruRIcE ﬁi‘d&bléh\% and
particles fed to the nelt processing zone. In this
caselereat tgstingpiitiapdard enid thfqesponsecuting testsowithinghis range
part Led Bpffssy Using the Sanple Preparation technique
descri eg above to inpart a nelt history to the

particles.. |n this_aspectAcddpied ¢s Ml o Refereneeddaterial

can be | 0\5\;@]'569"{‘6‘ F%%tgrt’haneaébao@mmm OrhadRinBiioBas

stripping the particles produced fromthe nelt phase
production process. Further, the catal yst deactivator

e LR BB (U e L e
convgi|[rﬁ@)ggrag‘({ﬂaqibﬁ@§/ﬁ,qoﬁ,gecur sors to acetal dehyde. In

this aspect, e particles fed to the nelt processing
zone are preferably not solid-state polynerized.

Nint = 0.5 [e 02 Corrected V. _ 414 (0.75 x Corrected 1h.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:

Ninh = [In (P2/KP4))/C

where P2 = The pressure in capillary P,

Py = The pressure in capillary P4
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The pol yester particles made by nelt-phase-only
synthesis have a small surface to center nol ecul ar

woWedsalRbzsgr adi ent and undergo less It.V. | o0ss ¢diiukg008/006163
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melt processing than conventional polyesters. For

exanpl e, bottles and/or preforns, and in particular
beverage bottles such as carbonated soft drink or

wat er bottles are made fromthe particles of the

invention and the |tnV.= Natdrat byaeittmt ween the 1t. V.

of the particles and, t It.V of the prefor

bot t | espi S not noreqfﬁg{r'ers%&ﬂtcoﬁswt tqlaedgr,%nhg@s%eereadlng

than 0.03 dl _/g, or ¢hot= ggh@eﬁ{? rQoP,g?QH .nb ern100 mL

anot her aspect, the nold arti e prefeéera Iy
organi ¢ acet al dehyde scawfisgéwent! n anot her aspect,

i ngredients added to the solid polyester particles at
the nelt processing step do not include organic

acet FhdydRtsd AN Bilsed! dh 8arBG6n AitRethndarieicferehce
provided a process ‘for making articles conprising: (i)

i nt r Gwatenialg, isotaleulatedyas fallowsol ymer particl es, having:

o e, Elreb gl & Al Py, R TE DS

20% a residual acetal dehyde | evel of 10 ppmor |ess,
resi dues of a polycondensation catalyst conposition
conpri si ngheil'eMi Ringalpeearbe ragasuradiamepesimeasasayad to a

SC avgg r EFP H&I&e@ inltE o didk OF ?T?&IHQ? |rﬁ8rbe ?é?gnﬂ%rtb'lcﬂlgn into a

t he orm-a nolten po esteP pol'y
conpbettlel, asexplainéd beldwar A mcﬁrnears cohademﬂatd b‘e Rdthin a

sheegpeah(reg rﬂg orfbl*kc):%lor r‘ékgé‘ ugnt)rl\éj agpended claims if the reported L* or
b* value obtained from a specimen measured by any one of these test
methods is within the ranges expressed in the appended claims. For
“example, a b* color value outside a specified b* range as measured by
one test method but inside a specified b* range as measured by another
test method is deemed to be a polymer within the specified range
because it satisfied the specified b* color range by one of the test

methods.

The measurements of L* and b* color values are conducted on
specimens prepared according to any one of the following methods.
Alternatively, color values are measured on polyester polymers ground to

a powder passing a 3 mm screen.

For powdered samples, color measurements were performed in
reflectance (specular included) using a HunterLab UltraScan XE (Hunter
Associates Laboratory, Inc., Reston VA), which employs diffuse/8°
(illumination/view angle) sphere optical geometry. Results were reported
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part fromthe nolten pol yner conposition, wherein the
article, such as a performor 20 oz. bottle, has |ess

wolo@msessoequal to about 10 ppm of acet al dehydecTars2hs/0o6163
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ppmor |ess, or 6 ppmor |less, or 4 ppmor |ess,

acet al dehyde. The anmount of free AA on the nol ded
article can be neasured by ASTM F2013-00. The nvol ded
article is made using a barrel tenperature setting of
2850(fsiagdhe IHEAB scads wdthnthe IDGMILmﬁinappamnﬁ&bblsgn&r The

m nutes. Perfor can fromth

bl SSpesRAotTNaTer ek, Srandar ot ASauy BRH it was
barr gy ﬁcrry@aeéﬁd Hidistafiil e ibeash t1IBRing ﬁ'féeﬂhﬁtéiLab
injectron nolding conditions are given here only to

pr ovietenuoandations An hatlma‘r@lampowt platewagpimstalieddatitbe

prefor and t to limt nti,on _t er

P RS NeR R P muRes Shot=mira b & HeroRerss dr Bpflers were
nmadepfacedin aa:énethbt il staliic iys ekbeStfor et §RIES fiont. The optical-
reduction in free AA for the performof at |east about

20% gnad@tglaéamassewwedrﬁpm t"@r framt ofdhetceli by, @P6dpARd the

or at S 0 r "

rel a?'agg?‘%%ﬁgs/g 9rjnﬂw:"gad rom ér g%%gptfl?gnoeeﬁpt’h % wide,
the 234" talpnThé p@Wt@rle\lé?é alleaed tbaéetﬂe by vihratisg the sample for
aspect, the |evel resi dual acet al de%e i S nmeasur

ed
or T B0 saponds Gsing. lpbasatsny Mink VeUeKe (WVRHnteaganal st
secoplﬂr r! PR) STREYI &&éll %gﬁéﬁt&[\haglu Ta@%'ﬁ@t?ﬁe feflectance

t he need not
si ncpott ladovered mthvm blaok&maﬂjei covdne A singtet cealhpackmg was

nol di n The, anount of si du a

T ecBTAlURTed H thet Pl s ramavedia (blaRRt fr taies topiicate
inje I dH

reri ﬁ"ﬁg@”gﬁ%ﬁﬁﬂ’éh%é’*&% eegg'?éarﬁg%@nc%lﬂg] perf I%rb%the
At t Aeenagetofphe tripliates.ext r uder, ot her conponents can

be added to the extruder to enhance the per f or mance
properties of the pellets.

The polyester polymer specimens, which are ground to a powder,
have a preferably a minimum degree of crystallinity of, for example, about
15%. Accordingly, it is expected that care should be taken when analyzing
bottles from this method because bottles have regions of lower crystallinity.
In the event that it is not possible to separate crystalline polymer from
amorphous polymer, it is expected that the disc method will be better suited

{o evaluate the color values.

Color is measured from polymer molded into discs (3 cm diameter
with a thickness of in a range of 66 to 68 mils), using a Daca
~ MicroCompounder/ Microlnjector. In the case of discs, a
HunterLabUltraScan spectrophotometer is used to measure L*, a* and b*
on three discs stacked together (in a range of approximately 198 to 204
mil thickness). A series of three, 3-cm diameter, about 65-68 mil thick
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These conponents may be added neat to the bul k
pol yester pellets or in aliquid carrier or can be

woadeieoise the bul k pol yester pellets as a sol ipd1/Us2008/006163
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pol yester concentrate containing at |east about 0.5

wt . % of the conponent in the polyester polyner |et

down into the bul k polyester. The types of suitable
conmponents include crystallization aids, inpact

nodi tiear discsiaré preparda fromrthe, polyastet s'sargplegterhesanalyzed. Disc

conpounds, ..ant i de nts ltrawo i ght absorbl
2genPEEPaTalio i Wi Sae POl rtes Sarple al

enhapalﬁrp@ra?ur@sof ﬁ&”(}%{(e Ca's"cﬂ?ﬁﬁﬂo&;bﬁ%ﬁ%e&ée& Mrbat, and

and ers and the n be 1 n¢luded. Al of these

addi 120 epmesaiewespeest into a8 miccb-injector baerehae283}285rk fowThe
int t, a do_not uire exte S|ved|s ion.As .
vosePanBlnGd pe R itgeg it e SR mETts! ftsnPEHG & fibug SRy discs.
| at eTha finaedisey 576 pPépMeldyissing aRSAfectst ﬁ?éséti‘r@fcﬂalfdo%mg to the

but before solidification. In another aspect, while
t he Higwticsf pistorailheydisc meldis naintained etoaj&empertaéurenrange of

bot o 851t By EYERRR e Paftr AR Haxtibion eguipment

i n t ReayCloelused proged Qﬁmﬂtﬂ@ Jﬂés afé eneligepatithese temperatures
production rate of any dition of a cataly

deac@nd &dudad & dhe @taieecsﬂ@i dEh@d*umtﬁél@lé#réScam y
snal %PB&%éﬂlﬁgém kdr |§ er§t{éﬂ%§in§’ ﬁhn‘ﬁﬁ&h?’l I'ft'%ource with a

addi con al ns ca

deact|ov abeenraddﬁréngwahd antaglatingpsphere geonidtey. pThe eebr
the late addition of nore catalyst deactivator may no

be ameasuéenevblsanademﬁhelgbtmrmnsatqnoﬁﬂr%fé) eypqeh@ which
samey Ll ﬁgil’ﬁEf%lé%tt ?‘ﬂﬂ'ﬁggﬁ trﬁ @K}iﬁg a'ﬁartﬁe % htthat is

I SSue as e percen?age 0]

deactiffusely scatideed iy myastmed atThred diigdsagre etaclcbzf t'dgeeher using
earlier, increases. dition to the aspect whe

the BJSIRIER obine hofh SRHCROER Meaptre havingds largest
duri ggrh &€ aPd plaRBATRrPERGRERN O thd et KbuUrEE.

Polymer crystallinity was determined using Differential Scanning
Calorimetry (DSC). The sample weight for this measurement is 101 mg.
The specimens subjected to analysis were preferably cryogenically
ground. The first heating scan was performed. The sample was heated
from approximately 25°C to 290°C at a rate of 20°C/minute, and the
absolute value of the area of the melting endotherms (one or more) minus
the area of any crystallization exotherms is determined. This area
corresponds to the net heat of melting and is expressed in Joules. The
heat of melting of 100% crystalline PET was taken to be 119 Joules/gram,
so the weight percent crystallinity of the pellet is calculated as the net heat
of melting divided by 119, and then multiplied by 100. Unless otherwise
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pol yester polyner, in another aspect, total anount of
catal yst deactivator is added to the pol yester pol yner

woi2osdsodseast two portions, at |east one in thecialskosnosies
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phase process for nmaking the pol yester polynmer and at

| east one other at any point after the polyester
polynmer is solidified and before the article is forned
fromthe pol yester polyner, such as during nelt

pr ocstated)ghé litiplahgingepoinbinyeesh tasewhes also determirediasing
conv ntlonall done in an extruder or injection
nol df %@@ §C8P- naking the article. In yet a

further ayhedercddicod Qafinit) WAy EalpliatePfrBat BbiSi,

deacti vat or | cation and before
maki ng t he drctwpbak nneitmgmmt é',madurl ng nelt

processi ng b ster Rf)l mer into a bottle
preform by imiG8R |W§W@ ar®ial or total

addi NpRNtHt it QSrrféaéaﬂééSbaﬁﬁﬁﬂéﬁlwai B éys®Rillinity, rearrangement of

solidification froma phase manufacturi Nng process
may @ystaismqy ow&mp&dlvmthe@ﬁc tetipmerdithat thedrue, lower

o b e By son oo s

pol yBpindbeasing!tre t@mpbaaturé@mpméwmfchél[ssenﬁg@iument and using
cat al yst deacti vator_ conpounds, after which th

concemeliar samplese A PerkineElmen Pyiissd €alarirpetes N@S‘ ged for high-
ek @cp cafor kr?étﬁ/e aRg gp%ﬁ#er?n{aes%qs %H[L%"[‘é'% ?c; be inversely

poly er “par or-a sttream of  ca

deacpropairtisnal ao tie seakl ealtedi Alsoit 3/ 1 g sang¢ istusedat 500°C/min
carrier,

in a slurry or dispersion nag vv_ith_fa,ll u
t oge®ReAbRIE A Mg Sfe 5RT Gt 1109e§6mme %3?% mple pans were
party, é@s B%aﬁeﬁﬁ? stBlrhctiPRaS HMbridtolfinFhic thgecurvature in

art| c one aspect an armrphous sol

pol y’émlmsqjmleyrrer particles are produced froma nelt
phase process wi thout a catal yst deactivator added

| ate, and crystallized, followed by blending the

catal yst ﬂﬁéﬁ{dtwétyobe%éﬁi drfstalinity asd\ehe l%@idﬂl@tédtﬁbrﬁ the

conmpoundi ng extrusion or in the extruder portion of

t he avgrageigradient tibeydensibeektwitonthage pelietsu fewadient tube
density testing is performed according to ASTM D 1505, using lithium

bromide in water.

The reheat rate of each of the molded discs was determined as
follows. The disc was placed onto a support which was in contact with the
sample along its edges only. An actuator then automatically moved the
disc beneath a pyrometer and measured the initial temperature (T;). The
disc was then moved to a fixed distance below a lamp housing equipped
with a bulb (GE DYH projection bulb, 250 W, 120 V) operating at 60 V. The
sample was exposed to a radiant light for 20 seconds. The color
temperature of the lamp was approximately 2,200 °C. After heating, the

disc was automatically returned to the pyrometer where the surface
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melt blend solid, liquid, or nolten ingredients into a
stream of polyester polynmer in an extruder, or that

wous@fhishssomake a nol ded article by an extrusi opcirfyshéi8/ 06163
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16

20

i njection nolding process, or blending in any ot her

m xi ng device. In this aspect, the solid polyester

pol ynmer particles produced froma nelt phase process

wi thout a catal yst deactivator added |ate are

opt i tempénatymeadyafdheicehtes areia bf theysitlaMhich facetidhe lamp (front

ndergo.an extrusi on w t hout appi ng the screw, that
s, 6Ke mv’égpéi?%mimﬁ%qorﬁi&rﬁ%ﬁgé v WasrtuEnRs! #hofo0-
and BeRGEy cbMfigeycie MAsRRY tgé’&/e@n%%ﬂél%ﬁ.gﬁ/%t%stﬁ during which a

crystallizatiof step. I'n this aspect, g
devi fan odaled thétarophausisg preado laaing thesnéxttsaothleed he RIT is

oy BalcbiEte dhy s bieacibGine dr of e ot WlRoAbiegRAy addige from

cat akh@h@l‘ﬁtﬁétsb\»??dl@!boﬁwrnihg thatémshieRditneat . in a
liquid carrier or via a polynmer concentrate.

I ntroduction neat or in aliquid carrier is preferred

since reagd 0 ith the catal yst .in I r

carrer  mEPTERIbEtEe Ot EREE it (RIT) BE pYESter polymer
deacprefairps is measuréd udingenty-adfed bogR! preforthx €ln 8fder to
anbi ent conditions could be used to coat the pellets

wi t hdetasmine theyRiT of erch cempasitian, @lnrefarmsaargrrun through the
t [ .
The. 398A pahk dr ol MES2BHIGNINR (K Iifa sopdRtéht manner. A

anbi eaties ohtiwémtgrsungesiprefeentp@ithxah oateraliymeter of 0.846 inches
in-the-nelt-phase pellets to nake a "salt and pepper

1t ypangiacsideWall cses s angtionaturiaesmef GA5h dagimes aipguy through
to !“g*é o@éﬁgghl@%f ta"@d%ﬁé@'dﬁﬁ bqit?‘\ﬁf?ﬁélﬁ Anit! ﬂ?ﬁa lamp settings for
i d- p ect is pa y

sol state elTets. Thi's asp I cul ar
usef the Sidel biow etdlding unitaeoshalvs imTableol .y Fheiprefbrm heating

| ncot.por.at,j ngq the catal yst deactivator in the nelt

phas Mg the heatersiis dSoaBs! the, BOWsT PUtRULLP the quartz
rat ejnfldre@ MR atisigiis 88t H64%. ofl A St ' i
pol y:enst é? pelal et sI It f|)s advant ageous t%ﬁﬂgg passed in
cat afrgpt of the quartz infrared heaters and the preform surface temperature

was measured.

TABLE 1. Sidel SBO2/3 lamp settings.

Heating Lamps ON=1 OFF=0
zone Lamp power | Heater | Heater | Heater
setting (%) 1 2 3
Zone 8
zone 7
Zone 6
Zone 5 20 ] 0 ]
Zone 4 90 1 o ]
Zone 3 90 P 0 -
Zone 2 Q0 1 o ;
Zone 1 90 1 p p
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deactivator after the pellets have undergone a solid
state pol ynerization process. In one aspect, the

wobd/isessr ef orms made from the pol yester pol yiefr/us2008/006163
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obt ai ned by the process of the invention will have an
L* of at |east about 50, or at |east 60, or at |east
65, or at least 70. In another aspect, the bottle
prefornms nade fromthe pol yester polyner obtained by
t he proceJheqretdmm rierhteahtmpnmvmﬂénthavupeeatbre (RIM)és tfen

nhi 1 6AiRuBled PR Sag ating the; diiFrencedn BreRm Liticégmagrature of
at | gasarGét: sa‘?ﬁpl@% doPsihing2a ré}{eaﬁtadbﬁﬂf‘étwﬁb%t of the Eﬁﬁhe

quantity of phosphorus as™a catal yst deactivator adde
| at epolsrrwtnhaymgano meheattadditive. af berbighasdhe RIT vadue, the hlgher
procgss ted, but. consideration is taken for

t he % gf t?ctfg]lﬁ &RF}Pé’csm Mand other netal s pr esent

in the mslt The rati o of phosphorus noles to titanium
noles is deswably at | east about 0.15:1 , or at |east
0.3:1 , ofhatpalycendepsatian reagtions in &gynparative £xamplgs A, C, D,

Fur A9 Evppitief By B P £ & P alblcyad P51 QR Bepared

aspepieticnmaaatly froed tehéFbihaIIlb asld éndbetlwlw gtyconl dnldadontaining

t hese exangles are included nerely for purposes of

i || udbeul ] nna\eop%rpenhe&abwtéﬁafe&'%/@5% thaRs e scope

of t HEA;P
descrpf%e %ﬁ oug e@éﬁgwé rMa?r \éeés@e& d'etthlb{lelnr?

/ glyeal, t § hasolmgajmet aasdbbubabdnthO%EterQét% congesr gf acid
rreasured at 25C in 60%, phenol

, 2, 291URSAEHP 3P SEMRMR %mgﬂs%aishmwd@éﬁ%ﬁtéaeﬁwgs via

d| Ss | fetid gLoncentration of 0.25
B}r#_SHyol\?Rgtg%r}@s in %}oganpl es section, the

VISCOSIty of the polyner
Comparative Example A

For polycondensation, ground oligomer (103 g) was weighed into a
half-liter, single-necked, round-bottomed flask. The catalyst employed
was antimony triacetate, and it was added a solution in ethylene glycol to
the flask. Red and blue toners were added to the flask in the amounts
shown in Table 4 for Comparative Example A. A 316 L stainless steel
paddle stirrer and glass polymer head were attached to the flask. After
attaching the polymer head to a side arm and a purge hose, two nitrogen
purges were completed. The polymerization reactor is operated under
control of a CAMILE™ automation system, programmed to implement the

following array (Table 1).
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solutions is determ ned using a Rheotek d ass

Capil lary visconeter.

A description of the operating

woRbegrBhiEe of this visconeter can be found i npaSild2008/006163
4603. The inherent viscosity is calculated fromthe

measured sol ution viscosity. The follow ng equations
descri be such solution viscosity neasurenents and

10

subsequent calculations to Ih.V. and fromlh. V.

[t.V: hinh [In (ts/to)]/C where hinh

to
nher ent

viscosity at 250C at a polynmer concentration of 0.5 g/

100 nL of 60% phenol
, 2, 2-tetrachl oroet hane by wei

and 40% 1,1
ght

In Nat u

r al

logarithmts = Sanple flow ti nel@¥ecgh a capillary
t ybe—to 7= Sotvenf=tt ank ftow tprme_through caprtiary
t yb¥age 3 Cdiment | at TeMPYRURD| yimer M3RUYR ans| per 18t $Reed
off sol vgnt F' 0% The d.ntrinsfic viggcositylis the
[ ilmting v“:g' &Lgéai infinlite dilluti nn%grf thel specifi pm
vijscagsi tly op1a pol ynerogdt is |[defingsh by the foll owgng
eguat+eof—h—t—=1+me—o—{hsprG——=tHmec o t+a—hr <
wher @ hijnt #0l nt{i nsi c283 scosiftyhr #30Rel at|ve 150*
VI[STOSI Ty = 10 mpz::gecnlc ViscosiTy = fr - 1 N
| nst Pungnt _cdl i biati on?$hvol ves triWPi cat el testi ng3ef
a|st qndard referénce rial land t N app yi ng
. . X 300
approprl ate mathematica pqu}lf Lons t o pr odlice the
"accept gd" l4p. V. |val uesgs The three g@ ues fised for 300
6 5 285 51 300
7 1 285 4.5* 300
8 20 285 4.5 300
9 2 285 0.8* 30*
10 58 285 0.8 30
11 3 285 650* 30
12 2 285 650 30
13 1 285 0.5* 45*
14 5 285 0.5 45
* = ramp

A molten bath of Belmont metal was raised to surround the flask, and the
CAMILE™ array was implemented. In this array, a “ramp” is defined as a
linear change of vacuum, temperature, or stir speed during the specified
stage time. The stirring system was automatically calibrated between
stages 4 and 5. Typical conditions for polymerizations catalyzed by
antimony compounds were at about 285°C and about 250 ppm Sb in the
polymer. When terminating a polymer sample under these conditions at a
torque equivalent to approximately 0.80 1hV, the finisher stage time was
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calibration shall be within a range of 0.010; if not,
correct problens and repeat testing of standard until

wolisseRoszgnsecuti ve results within this range ar€/us2008/006163
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obtained. ... . . . Accept ed I h.V. of Reference

Material Calibration Factor = Average o f Triplicate
Determ nations The intrinsic vi scosity (It.V. or hint)

may be estinmated using the Bill neyer equation as

f ol | absut $8 niinate8, and dentexth@éoameantdf tirmewsedlih stage 10. After

it 1 INGSBE FUNGHESTH ARG 1, S VBFGUIMNER PEakaT, Bycomthercal
Pol y orﬁéh? phée i tAesfe® féﬂﬂ%gilon Ndseadddd tbeihg sk Béntrol

Vi sco ty o yner solutions is determ ned using
a Vi duonglstagedi 2, andl Caduwnevas eesuviied onstage. 130 enhance mixing

d f th t

o777 SR e B ek e B Srt s i
D 52

N e g S R e e
Rel aof apytvingelsetwas added te the commsairciag obgeraerie phosphate

E{‘g;@lﬁsieﬁﬁ%ala?f’ﬁ Eg) ‘IiP I'ﬁ ,ﬁﬁﬁg?%}foﬁdﬁﬁrgg#algﬁ nfi A commercial

Vi scengdiefi® fbﬁbgﬁhat@tthaésnéﬂfd‘rﬁm@thﬁﬁ\ﬁhs @ﬁdéﬁ&ﬁrdwy @sa9
Concentration of poly %r ans per
sol veiwirfe p@@ﬂaa@&t@d Tme vna safs@aoent @fanhiemlmnaﬁflwlmphate

I
Fol | HeteradhdL 6758 oeprod ol Sy YU B syringe to the
Cal i polymerwas10102 mL, which corresponds to a target of about 20 ppm P in

the polymer.

Following the end of the array or lab preparation, the polymer was
cooled for about 15 min., separated from the glass flask, cooled for about
10 min. and then placed immediately into liquid nitrogen. The polymer
was ground cryogenically to pass a 3 mm screen. The residual or free AA
sample is kept frozen until its measurement by headspace GC per ASTM
# F2013-00.

The ground polymer was analyzed for acetaldehyde generation
rate via processing at 295°C for 5 minutes in a Tinius Olsen melt indexer,
a.k.a. an extrusion plastometer (AAGen 295/5), free AA (AAFN), metals
via X-ray fluorescence, inherent viscosity, L*, a*, and b* color. Three chips
were made, stacked and tested for chip color. The data can be seen in
Table 4.
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The L* or b* color can be neasured on speci nens ground
to a powder or nolded into a disc or nolded into a

woRbe/Bossor blown into a bottle, as expl ai ned plogli®bosMos163

10

15

specinmen is considered to be within a specified L* or
b* color range in the appended clains if the reported
L* or b* val ue obtained froma speci nen neasured by
any one of these test nmethods is within the ranges
expressed in the appended cl ains. For exanple, a b*
col or value outside a specified b* range as neasured
by one test nethod but inside a specified b* range as
neas anot her test nethod is deened to be a
polygggﬂuﬁ¥ﬁ}n the specified range because it
satisfied the specified b* color range by one of the

t est th . Th t f. . L* * | . .
val ues ar EOF BRMGONBR SR Th Gt OIGomRAN OB of Wadareighed into a

t o apyifgiRst, SingldlRetidd, F8LAG-UBHIMSES fladh.t ThERENPSemployed

color values are nmeasured on pol yester polyners”ground”
t o awastdaniupatatiabhytexide amdst wasraddedrtogbediaskds a solution in n-

f in.
- or | ROEnRE o g A PLE BREIwEES 2a8Fh S 1 fiartin tog amounts
Ul t r afe@n ik abldiatier EXasPfe Al SEhd-aRRiUatdbY red &Sd blue toners

Reston VA), which enploys diffuse/8 (illum nation/view
angl were ghesen gpan @ilemptdawbtain Reimilar shigeatand chip b* to those

ano_ ROEINEL PG G Sprtaye AR Mol JLPable' 4 WSHE L

st anginless dtaet paddld Mirmw?mstﬂmmwﬁeaﬂwem%ﬂta@héd to the
mai ntai ned _in calibration follow ng the HunterlLab

r ecofidehdAftepatiaching dhe ipehanerghead gcba Sid§,pEN éangd purge hose,
! ; tprare
cont w8 Pirfert Bk wetel CUHFIeRA,  Tha dElyhéhiZtion reactor was

cel | opbedted indet abhirol afraaC AMKETMtadtomatiba systess, programmed

f T i cal
' onEo im&gmo ntt ItI(1:ea foqlgevqr?g array (Table 2).
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gl ass was recessed fromthe front of the cell
and the glass itself

wOoS80Pisessar ea was 0. 71" deep,

0. 062"

by
is O. 092'.' t hick. The
1.92 " wide, 2.3pcTiiah08/006163

The powders were allowed to settle by vibrating the
sanple for 20 seconds using a | aboratory M ni-Vortexer

(WR | nternational,

West Chester,

PA) .

The gl as

s cell

was mai ntai ned flush against the refl ectance port and

covered with a bl ack opaque cover.
packi ng was eval uated and the
replaced for three replicate

Fahl

A single cell
was renoved and
enents for each

sanpl e. The reported val ue shoul d be the average of
the triplicates. The polyester polyner specimens,
whi ch aé%ggroundﬁﬁ\@ a powdgfnerltgde 4 PRELELAD! Y asgrslfeed
m ni mym degree of crystallinity of, |for exanpl g, about
15% Accordinglminutes i § expected that cateer shoyl d bepm
t aken (Wenm anmatyzing ppttries _from tifi s et fod gecause
bottl es Have| regPdns of | owe#’Ocrystal linf¥. I the O
event |that It 1s . ,qot popssible, to separat rystlal ' R
pol ymer_from amor phous! pol yrrfr?ro it iis sz%&m“ ed It hat 50
t he difsc 3ret|hhod w || be betteiy suitdd tojgval udte t gy«
col or pralues—Cotor—tsreastted—rompoeyrer—rg-ded
into disas (B cmtianeter w249 a thijcknes40 of ijn a 300
range [Of 66 {0 68 _m I S), USI n7% a Daga M CT oCompounder /
M crollnj éctof. 1d%he tase of’%iscs,| a 57 300
Hunt er| Lal%UItraSca,gl spegtrop oneter| is ed tg
measurle_L*_ * and b* on three disc9d stacked taagether
(in a|range jof approxi patel yp7498 t o [204 Hit 300
t hi cknessr—/A—sertes—ot—three—3—cmidtaneter—abott
65-68 |m 18 t hj ckcl2@ar d|scs a?7® prepgred #room t He 300
pol yester_sanple 10 be[anal yzed. Di§C preparatijon is__— -
done Ry éxtrludi ng? each|the p"cﬂovester_ sanpPe at |a 30
tenperatyge of 248 Cwmth 1.4,scfh rnitroggn flgw to 4,
t he feed hr at, and
11 3 270 650* 30
12 2 270 650 30
13 1 270 0.5* 45*
14 5 270 0.5 45
* = ramp

A molten bath of Belmont metal was raised to surround the flask, and the
CAMILE™ array was implemented. In this array, a “ramp” is defined as a

linear change of vacuum, temperature, or stir speed during the specified

stage time. The stirring system was automatically calibrated between

stages 4 and 5. To compare the two catalyst systems when the finisher

residence times were similar, the titanium level in this example was 10

ppm and the temperature was relatively low at 270°C. When terminating

a polymer sample under these conditions at a torque equivalent to
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120 rpm screw speed into a mcro-injector barrel at
283-285 C. The barrel should be purged with materi al

wokebrsessat tenpting to nold any di scs. The fi nalcTdisS6n8/006163
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are prepared using an injector pressure of 100 psig to

the injection piston. The disc nold is nmaintained at a
tenperature range of 10-20 C by circulation of chilled
water. Alternative extrusion equi pnment nay be used

pr ovagprbxirhately 0S80k Iths flarshenetatgmltlrae foh®seatalyzed runs was

d d h h
Hunt SIS 66 Fisstes. SYJERSBnBeHEOUN! PLIDBAISEdd SRR 0
a DG)iftbF M@ﬁ%u{és%ﬁﬁrﬁﬂﬂ g‘ﬁn’{& tthe@aégglj_ﬁm% YRoRe a

angl e an tegrating s geonetry col or
measoomneercial sligomeric rprtdsphatﬁt tilesterdosmulsdion wasTadied during

d h, both | t ot tt.ed tly th
Che siaoh L2300 Yarulim ke rshfadinsthpsa  <attnes B
i's negger ff. DURRESt éQQ Hefcsrhaferadl bﬁt_%tﬁ*h@ﬁé pHoLpKate tri-ester
hol der in front of t Iaiglht source, t he area

havi fagmutatiarawge addedrdieantlyathed i vithedoihéng elsei addest to the

det clmhliitin B4 B/l HPoHBHE: The saltfamqunt of e

( DSGyligdrhieri papkghatel teibstere thatiiculdrbaseprstritibly 8dded by
The speci nens subjected to anal ysis were

g?éf ¥elums, vigraugdlahlecsyringegrtothe potyraer wast0. 0 ali.which

2o STEsPEId-toIE bargd B ABET S0 YBh PIF WEROAARY, A lower
t he abmninmPefovaheJeamfe Tinevelr ereatds, 4 loaverd? Ti nwle ratio, may be as
endotgerrrs one or m)ree“sm nus the area of any

cr ysEHEPYVEI0 B REER B RRIP FP%G%@FBP{n"ﬁg&amﬂ*ﬁﬁ the R:Ti mole
COT I EARORSIR %tttj’eow Osﬁl’ﬁ s 9T85TEA b aﬁ'gg%‘e' '%88!;[ is expected at

expressed | eat of neltin
cr ysPalilafrie hewevesst wakdifficalt be atid3hé orehesv‘r'@llamosm of

ngcgf gﬂgariggkggaﬁ% t@%rls Inglesigd ?cf) dtohaec g\llel Et:Tilr%ole ratio of 1

on the lab scale.

Following the end of the array or lab preparation, the polymer was
cooled for about 15 min., separated from the glass flask, cooled for about
10 min. and then placed immediately into liquid nitrogen. The polymer
was ground cryogenically to pass a 3 mm screen. The residual or free AA
sample was kept frozen until its measurement by headspace GC per
ASTM # F2013-00.

The ground polymer was analyzed for acetaldehyde generation
rate via processing at 295°C for 5 minutes in a Tinius Olsen melt indexer,
a.k.a. an extrusion plastometer (AAGen 295/5), free AA (AAFN), metals
via X-ray fluorescence, inherent viscosity, L*, a*, and b* color. Three

chips were made, stacked and tested for chip color. The data can be
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of nmelting divided by 119, and then nultiplied by 100.
Unl ess otherw sestated, the initial nelting point in

woeaeinsesse was al so determ ned using the sane pPPRSSERMG6163
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The percent crystallinity was cal culated from both of:

Low peak nelting point: Tm a H gh peak nelting point:

Tm b Note that in sone cases, particularly at |ow
crystallinity, rearrangenment of crystals may occur so

r api segn imTable SCConggarative Exahile Ahand Euamdl@wal‘lustrate that

Ty FRHIGE PobSS B, POVEIEA AG°E Nt LBBFR L4 Faghye @ similar
t o
e 5 LT BB R 25
s peewith abmut ﬁéﬂrgpm Bie &wpedhongh thees i caseali;adlsmlﬁm lowdreatalyst -
| t
sarplgains Bad§ temrsnatre 196 meciaioun BsiPm PIBat AT
100CEghfhpld N)éribaEx%Ié AL SrRBRAe VELET tesRflial AFS B thessolid

subtractlon was perfornmed to mnimze the curvature in
t he palyesiengartitlesrantd thecloyer fk generactms*tatﬂ upon meltimg as

be cal cul ate fr the av r.adi, ent be dens;
of 1 ersiphtid by i B4R Te RS G an Aoy falalyst vnen a
i's peéffawsméaaﬁmmnﬁ%’sq:aésmu rﬁéﬁéph%pmdtnébﬂeméms added
bromide in water. The reheat e of each of the

mol diate.dThegesults akspedemﬁeatr@tg that Tooortalyzed nalyestenpolymer

o R e P B VB EB ol R BB b difar chip
aut ogslbr ebhantipvety- @ételyibam&meaMea bwth Giretneadenith similar

neasured the initial _te eraturlgé]g The_di sc. was
t henfiigbegstagedimesedhagi ﬁ"ﬁrlrcebr Wsaoﬁ tﬁ'ﬁpT'rRﬁl@'Nﬁ@d polymer

equi gBenple A) was only a few units darker than the Chip L* brightness of
the Sb-catalyzed polymer (Comparative Example A). This L* difference
may increase somewhat if the amount of red toner added to the Sb case
were decreased so as to give a neutral or zero chip a*, similar to the Ti
case; however, the L* difference may decrease somewhat if the amount
of blue toner added to the Ti case were decreased so as to give a more
similar chip b* to the Sb case.

Comparative B:

The starting oligomeric mixture employed, was prepared from
predominantly terephthalic acid and ethylene glycol. The oligomer also
contained about 1.5 mole percent of about 35% cis/65% trans 1,4-
cyclohexanedimethanol, and about 1.2-1.3 weight percent of diethylene
glycol. The conversion of acid groups was about 95% by proton
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with a bulb (GE DYH projection bulb, 250 W 120 V)
operating at 60 V. The sanple was exposed to a radi ant

woldo@sodsar 20 seconds. The col or tenperature eTild8008/006163

10

| anp was approxi mately 2,200 OC. After heating, the

disc was automatically returned to the pyroneter where
the surfacetenperature (T" of the center area of the
side which faced the lanp (front side) was recorded

t wo mmd nidlatiaﬁtcmrb?h& dnalmgrmgpsb.t Thedd, of the dligtneric mixture
second cool ing _cyc was, use et ween ¢ ecutive

¢ ost Was AUt dBR/Erele, 0 the Mabes ABOVETAY H8(repley

prior to | oading the next sanple. The RIT is

cal cul ated by subtracting the Tf of the control
wi t hout r €oegblyzdddensatidn, groumd olijomer { 3B gawalseveighed into a

taipni. th heat . addi ti . R t | t
TempBr RieShaler FoBRecdpype g fatk.of BF GRAVAcemployed
mas%@@ité‘ﬁih%tég?’%ﬂﬁ_&xi&ém iPRBS| RIdRIAbANEFIask s d8fution in n-

to determne th of each conposition, all preforns

ar e butanohr dlodlonerewete addadito die flask.dAl 3 1eBostaNnlgisssteel

mol di.ng,uni,t in a consisten er ' f
twenPgoahteer i GRS RO SRR ety StREheTIn fig fesk. Atter
0. 84atthetsiRgIhe pdlyinét HEN@td a®ides arrh &fid #patgd Rbs&NR®Snitrogen
of 0.154 inches) are run through the oven bank of a

Si dePusEEWVSrerr@MPIRiedi dhewrplymengation macier was@perated under
the Si h e R ' T

or ot G fel e GARRLE ™ buitBiriBh Sy ol RicE th mifment the
the fohowingatmyt(Tabld Bg quartz infrared heaters is set

at 64% % A series of five preforns is passed in

front of the quartz infrared heat@'€ 3ind t he preform

surface tefperatgre_was ngasured. TABLE I. Sidel
SB2/ 3 | anpSHage ingdimee prisropenatwiecqtVaausndyie meStir
tenperatureg (RIT) is then|cal cul ated py conpar| r8pedt
di fference|in praf BRvES: flace tlenper at ur.dOBf the
target sanples cgntaining|a reheat additive w [ hPhnt
of the sang
1 0.1 270 730 0
2 10 270 730 150*
3 2 270 140 300*
4 1 270 140 300
5 10 270 25* 300
6 10 270 25 300
7 1 270 140* 300
8 2 270 140 300
9 1 270 25* 300
10 10 270 25 300
11 2 270 0.2* 30*
12 1 270 0.2 30
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pol ymer having no reheat additive. The higher the RIT
val ue, the higher the reheat rate of the conposition.

wo bes/BBedsycondensat i on reactions i n Conparati vecEiaans®es163
A C, D and Exanples A, B, C, D E & F enployed a PET
ol i gonmer prepared predom nantly fromterephthalic acid
and et hyl ene glycol, and containing about 1.5 nole
percent of about 35%cis/65%trans 1, 4-

cycl ohexangdi et han nd|abou .5 mFi t, perice of
di et hyl eneLgl ycol gbﬂ?s [ go%%é has ag@ﬁ pa ou?éQJO%
to 95% conversion of acid groups, due to sonme variance
anong batches and/or test methods, via proton

NVR/ titration of ~&&TR*glEUpE™edipar ati ve Exanple A
For pol ycondensation, ground oligonmer (103 g) was

wei ghed into a half-liter, single-necked,

5 rounf-BettenRath ef Belnontaetalwasraisechio yifepnthibe flask, and the
ant | P‘A‘RXIL TMaé‘fFé)f‘JgS;. I%@Bﬁménl‘%ségqgﬁgarﬁy?%' YhPP id Befined as a

et hyl"'ene gl yco ask. R ue toners were
addelinear cHamgel afslacunnt, tempenature, artativspiead Thiring thefspecified

Co ti le A A 316.L stainl | ddl
St 1 S o TRECSFing AyeioA oo o aleal eAbhiated BREveen

f1 asktagBEleandis! a¢dpR8sphSIURAoMBoUMBAHetLadded 4518 Rin. The

and a purge hose, two nitrogen purges were conpleted.
10 The fioishersiaget(13h wasdetrvinated apeordingitathestirtastorque. The

f CA t ' t d_t .

ot R e Yewes OGRS <An Reteisp BB Req Rentified for
r anpedctifhishr Bsthperftuzehn®Bhc mé@gation i dAEQhe molecular
surround the flask, and the CAM LE(tm) array was

i npl weightand gorresionding HyV. ef theamgtt ineregses, itsamel viscosity

also increases which was correlated to the torque required by the agitator

15 to turn a revolution. Each run was terminated when the torque target on

the agitator was achieved three times.

Following the end of the array or lab preparation, the polymer was

cooled for about 15 min., separated from the glass flask, cooled for about

20 10 min. and then placed immediately into liquid nitrogen. The polymer

was ground cryogenically to pass a 3 mm screen. The residual or free AA

sample was kept frozen until its measurement by headspace GC per

ASTM # F2013-00.

25 The ground polymer was analyzed for acetaldehyde generation

rate via processing at 295°C for 5 minutes in a Tinius Olsen melt indexer,

a.k.a. an extrusion plastometer (AAGen 295/5), free AA (AAFN), metals

via X-ray fluorescence, and inherent viscosity. The data can be seen in

Table 4.
30
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| i near change of vacuum tenperature, or stir speed
during the specified stage tinme. The stirring system

wowass/guisgmat i cal ly cali brated between stages 4can®2008/006163
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Typi cal conditions for polynerizations catal yzed by
anti nony conpounds were at about 2850C and about 250
ppm Sb in the polyner. When term nating a pol yner
sanpl e under these conditions at a torqgue equival ent
t o appr ox NoapldgpHoré$ cohpoundenvds addée latetta @ormparative

wasapout 58 ninutes, and hence, the appun f tinme .

used rﬁ"ﬁ%ge%@.p%pﬁpr%@vg MeasHr 5XR’?m @ﬁm@rat've
time : 4 a4 ' '
hocGEATEI BUAE 1 oBLoFRPinf SOTIRAS: Ao 3BT rus by the
cont XKF ohethodusedgealiaut 2ppmv abBelow dqpm dbearasount of

ove PRGNS IR ey e, Bfiee sETFo phpepedfsi mpSund had

hydr pb¥r @daed 9lowe RhVEREof fifospoYi® FepdHeELas LA S ppm or less)
gl ycol, n-butanol, water, or anything el se was added

to t maydegmeisei AVhehingopkesphqsn® spmposindrhadbeen added, and a

L AR} 6P PP kil b A BBl rapd ohb2BRorR
f or mebrtanfinatiers aftefgr fict dikel duritg @hiﬁ mbIding for the XRF test.
phosg_horus. The smal | est anmount of the oligoneric

phos phigtleage rertaginationis rAfuppested tpbe @sstiaofive@sealknown

\%i \éﬁh{?%aﬁg%&% o%aﬁjt%g%e{é}gpﬁgggﬁ%%apbg?n rFT>1 n t he

pol yner. Followi ng the end of the array or |ab
prepar at i t he pol yner was, cool ed for abgut

n, 15 mn,,
separ at ed%PF s RhasphPrussadded compgynds. ther Pabonpler@tio (MR)
m n. edhanam ' b D kT
The” SR RfSleBuRGh Eep BBl Mol Hiahin IARIHKE SRR For
scr eexamples whilel Qomipacative Erxarples Brappears t&bpve farBZe MR of
l,igtolllgblgtlétsoge Seunre(?nn;\a);1 tacpt}éllg%aedr?g gﬁgsp%%)rﬁgrin tSéI’ gﬂarﬁple, since the

level of phosphorus reported is close to the detection limit.

Example A illustrates the lower residual AA in the solid polyester
particles, and the lower AA generation rate upon melting as exemplified
by a polyester made with a titanium catalyst and late addition of a catalyst
deactivator, relative to a polyester made with a titanium catalyst without
late addition of a catalyst deactivator (Comparative Example B). The
residual AA of Comparative Example B probably would have been higher
if the same finisher vacuum used in Example A was used for Comparative

Example B.
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The ground pol yner was anal yzed for acetal dehyde
generation rate via processing at 2950C for 5 m nutes

wo Mosu1s0330i us A sen nelt indexer, a.k.a. an extpmmggms/oomm
pl astometer (AAGen 295/ 5) free AA (AAFN), netals via
X-ray fluorescence, rfet iscosity, L* , a* , and

CIIL
b* color. Three chi ps m\@{’é dpde, stacked and tested
for chip color. The ddf a Eanl He seen in Table
4. Exanpl e A For pol yco2dg@sgfijon, ground oligoner (103
g) was wei ghed into|a ®al|t]®| tler, singl e-necked,
round- bottoned flask. dhgrgat 4l yst enpl oyed was
titani umtetrabutox deSa-r,e\t @I |[was added to the flask
as a solution in nbptaret—Red and bl ue toners were
added to the flask n.ghew pynts shown in Table 4 for
Exanpl e A. The amoufit sZ&f[cifef land bl ue toners were
chosen in an attenpt t® dbfajrn a sinmlar chip a* and
chip b*$q RHoPPT ai @eq QI [Conparative Exanple A as
shown i |© TaklB(™S| B égﬁuggtai nl ess steel paddle
stirrer|&and g S| ppl rmepd were attached to the
flask. WCerlartag¢h{nost elpprlymer head to a side arm
[Te) Q . ~—
and a p ngrgﬁ%% t o st g.(%cn purges were conpl et ed.
The pol Qv (6 [eaft q~{mwag operated under control
of a AHEECry et JIIuC;L_iALII syStem programmed to
i mpl ement 3t BEFRYl I opi nggsor(a;z»_(Tabl e 2).Table 2 A
mol ten fpa 5| Hell npntZ 4T [Was raised to surround
the fl asd +Hhe GAM-LB4-m—array was i npl enent ed.
In this g r prd” dls |dgS[i ned as a linear change
of vacu MRt pr e gF’ sIT|r speed during the
speci fi| e [t mp. Thd $t ffri ng system was
aut omat | cdl i b'atgdgpoetween stages 4 and 5. To
conp &ﬁt Al ystaiSy st gns when the finisher
resi gen 5 re skl ary fthe t@taniumlevel in
t hi s ®x ad 10 5 | S
S B2 ()
olo - ) =
2] =
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o ) o «~ o
» Elo & Elole
w gl — glo|o —_
X ofN 3 glo|oe £
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ppm and the tenperature was relatively |low at 2700C.
When term nating a pol yner sanpl e under these
woCRilishsans at a torque equival ent toapproxi melcglus2608P96163
the finisher stage tinme for Ti-catalyzed runs was
ar oupgtaffpl@B)@ &p and hence, the amount of tine used
in stage 10. After the 66 mnutes of finishing tine,

I hV,

t he vacuum was br oken,

ToinbEEoBef M MO cHBletHUSEr iR 36 Fhfner

a commer ci al

ol i goneric

m Xi gtageresidgReime Wad sigilat abe titdniuhievebwae kep@ht 5 ppm

phosphat e
12, and v
ol i goneric
5 g
for ' 9
"YeBle §hasisdy

smal |

wt. L/vt.

phosphate tri-ester formulation

Was
The

that could be reproduci bly added by vol une via

avai |l abl e syringes to the pol

added

di r ewhilg the fgaction temnarahiieyvayinsreasesie2B 6t hlde array in
% phosphor us.
the oligoneric phosphate triesters

was 0.02 nlL, which

corresponds to a target of ab%{% ppm P in the

pol y[er. A ower amount P for the pame 11 {evel, thnat
i's, p $eer| PTAMARYER | al PORCAUP be asVaMPBcti e tdtirapeed
certain poiint. For exanple, d.n Exapple A, the R Ti Rpm
nol efratiofusing th RE v parable |
result ks gxpectogd at |P: Ti zdg 1; hpwevergoit wds 0
di f f Feutt—tio—add—tte—very—smat+—anpunt—of—ot+ggrer+ec
phosphate t|ri est'® s neleded 28 do achi evé3®: Ti nple 150*
rati @ of I'[on the Tab [scale, FolTow ng the end [of the
array of I db preparatijon. t pol yier & cool dd f or3%
about 13 miin., separatied fr the gl ass 4§ ask, [cool edy,
for abem—lg—m-n.—and—t-b,e-n—%?aced——mxem—ate! y—Hnt o
l'iquid sitrlogen.1oThe pol ynezggnas gr ound sar yogeni cal | oo
to pgss—aFrmmscreen | The Trestdual—or—freeAAjsanpte
was kepf frlozen @ntil |its n28surenent bydtheadspace G890
per ASTI;/I # [F201 %’:- 00. 289 45 300
8 20 289 4.5 300
9 2 289 0.8* 30*
10 48 289 0.8 30
11 3 289 650* 30
12 2 289 650 30
13 1 289 0.5* 45*
14 5 289 0.5 45
* =ramp

10

Red and blue toners were added to the PET oligomer prior to

commencing the reaction at levels sufficient to target similar b* colors.

Under these conditions, the finisher time for torque terminated Ti-

catalyzed runs with a 0.8 |h.V. target was about 48 minutes, and hence,

15
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the amount of time in stage 10. The smallest amount of the oligomeric



The ground pol yner was anal yzed for acetal dehyde
generation rate via processing at 295 0C for 5 m nutes

woi 2ogusdssoi us O sen melt indexer, a.k.a. an exipcyaisdsns/ 06163

10

15

pl ast ometer (AAGen 295/5), free AA (AAFN), netals via

X- I aghb$pHte IGESER thab BBURINMbe YéSroaatibyy added bR VolurAédia
b* color. Three chips were nade, stacked and tested

for SYinge:ts ihe potyaed is 8. 02amLbuiigincerrespands tg. a target of about

Conmp [ . I n ' t .
Conm a0 BB 80t APl ) G B kg,
requariewer PiTiirhale ratio] siagrbe ageffective tuldcertain peingé Ber
maki ng a pol yester polynmer at 2850C with about ZSOlpegLes

Sh, e¥mPierdExaMplesB & &sdha i Thinole raieysing the ¢&

| oad; t it .
Comp a8 R B, CHRBERLIE feqniiaificted Bt POR dr Dhowever, it
| onewasaliffiduliito Addithe vbey swiallcamolntasfialigopeearici phhasphate

and fhe | owner eper at.i on te on. melting a
eSS dases B aastiave £ 11 old o { on o Jap scale
ant i ; T ; ' '

i sCERE Y8 T T IoIALet 1 AR AL M Ee fpples
| ate. The results al so denonstrate that Ti-catal yzed

pol yest er I r wth | at dition, of catalys I
Geatt i vat b el Pipwia el Be i un I8 saffe BneShoun eagtier in
an agomputative ExhRE ADODYERS thb i @tiss aholmeredvir Sttempting
simlar finisher stage tines. The Chip L* brightness

of t teetargetesimilay bédepbyaniabilityEeaape sumwheseingh highaameunt of

- cBPERYSThe MOl hdepdts bLERAEPAArLASre oported

di f f FaBRCE sERYforththeassult® aR#NaEd ifdr 41) &* amut cslbr.r ed
toner added to the Sb case were decreased so as to

give a neutral or zero chip a* , simlar to the Ti
case; however, the L* difference nmay decrease somewhat
if the amount of blue toner added to the Ti case were
decreased so as to give a nore simlar chip b* to the
Sb case.
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Conparative B: The starting oligonmeric m xture

enpl oyed, was prepared from predom nantly terephthalic
wososli s et hyl ene glycol. The oligonmer al so g@tes2065006163

about 1.5 nole percent of about 35%cis/65%trans 1, 4-

cycl ohexanedi net hanol , and about 1.2-1 .3 weight

percent of diethylene glycol. The conversion of acid

groups was about 95% by protonNMR/titration carboxy

ends groups. The M of the oligoneric m xture was

about 766 g/ nole, and the Mv was about 1478 g/ nol e.

For pol ycondensati on, ground oligonmer (103 g) was

wei ghed into a half-liter, single-necked,

round- bottoned fl ask. The catal yst enpl oyed was

titaniumtetrabutoxide and it was added to the flask

as a solutjon ingndbiepnol. No toners were added to the
flask. ASl"BgL’E‘sga;i_-'szggz steel paddle stirrer and
gl ass pol yje &eaf werel attached to the flask. After
attachi ng phe—petyrerrhead to a side armand a purge
hose, two pi £r ogéms :ﬁu@es were conpl eted. The
. L N~
pol yneri zal4 gn B:®1"0j< mwas operat ed under control of a
CAM LE(t m |altongationl s stem3 RE ogr gpEQ t o i npl enent
the follow ng ar&@é bl e 3)" Fabl @ 3% = ranp; # =
torque terpd Bati|Srs/S @] ten bath of Bel nont netal was
rai sed to purrodnd the fflask.5and the CAM LE(tm) array
was i npl enent ed.felpfd ks arrz%/,*a "p;a,nn""ls defi ned as
a |inear cha@ge o] padVaclea U0g! ténperature, or stir speed
during the|&geci|fief bktlage tijre. The stirring system
i s aut omat caII‘Nigci rat ed h@tmeen»sjgges 4 and 5
No phosphof us con:qminds wer e sadgded ®or thi s run. The
finisher shof€ (18J|Was| terminated according to the
stirrér topPg8& |Theltpriget Il V. was 0,80 dl _/g. An
agitaﬁor tRrque |&ab felo Was |®n,t|f|§ E@r
< A - 0~ o~~~
= w £
x 2 —_
= [°[l°lF| =33 5388
w £ z < R 3333
x g
a - |2 £, 2333
u_g N o <+ N -
xs
x= 2 S22o
T 2238 - % STea=
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each finisher tenperature and each polynerization rig.
As the nol ecul ar wei ght and corresponding | h.V. of the

wombd/1sosmr eases, its nelt viscosity also incr @agas2008/006163

10

16

20

25

30

whi ch was correlated to the torque required by the
agitator to turn a revolution. Each run was term nated
when the torque target on the agitator was achi eved
three tines. Following the end of the array or |ab

ti h 1 d, f b 15 . mn.,
Gk T R A s
M n. téfifetdigiesmrRte bbaRbnasfe] ¥atalise dehéfivadlontdn pasiuce solid
The E)%I_[yrrer was ground cryogenically to pass a 3 mm

scr ePET mariclesswidluloweyr residial AR aadnve Adagerengtion ratasnupon

o0t o TR Y BB ERS AR OREAT i more

acet gedetieder @as eiodaivedys Bétery irthat osltmaighothat redRiB@CAA may
for 5 mnutes in a Tinius Asen nelt indexer, a. Kk.a.

an eRedowebAhe it waslewer apdthe Adsgeyjeratipn satgdor processing at
(AAFbleo@%%mﬁjv‘?ag-nroaty%t{éryorescence, and i nherent
e da

Vi ScOSI'ty. a can be Seen in Table 4. No
phosphorus conpound was added | ate to Conparative
Exanpl e B. The phosphorus | evel neasured by XRF in
Conparative Exanple B was 1.9 ppm The limt of

quantikbi [ r hg XRF net hod used
E&Emp@é = égfe?rgglsgaqm $'a°mEbé ehe

is about "2 ppm ppm the amount of phosphorus
| i sted mayheee @xaswplesnare evahladed bo deteroung thedamadnt of

been _added, |ow l.evels .of .phosphor.us, repost (arou

> ppRoBrataegitea o BT suBIStR ore it eyBBelok Sl BrRtRtes
conppeRdsttrporrfer aseipdsitiond catdigy¥ed usSingXitaRitim &nd antimony.
reported, there could be sone trace phosphorus

cont Al e effegl ofegolorant amauntiarkle” erler,fgactionptinieg! tairegch
for g’?’r%lgﬁfvt %?/EIS, residual AA in the solid polyester particles, as well as,

AA generation rate upon melting were evalutated.

In Examples E & F, blue and red organic toners were added to
target a disc b* color target of about 2 CIELAB units. A small amount
(0.0005 g) of black iron oxide from Ferro, was added to increase the
reheat rate of the Ti-catalyzed polymer to match the reheat rate of the Sb-

catalyzed polymer‘.

In Examples E & F, phosphorus catalyst deactivators were added
to polyester polymers catalyzed with low levels of titanium (5 ppm) at
relatively low temperatures (270°C). When terminating a polymer run at a
torque equivalent to approximately 0.80 IhV, the reaction time was about
155 min. The P/Ti mole ratio was at least one. After the 155 minutes of
polymerization time, the vacuum was broken, the phosphorus compound

was added, and vacuum was resumed to enhance mixing.
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This trace contam nation is not expected to be as
effective as a known phosphorus conpound that is

wol20ési3bisenal | y added. For no phosphorus added pct/us2008/006163

10

15

20

conmpounds, the P: Ti nole ratio (MR) may be
m sl eadi ng, especially for lowtitaniumlevels like 5
ppm For exanple, while Conparative Exanple B appears

o phosphil TESErO P RE e phtnronts EaPoylE Wi bndt

phosphospmﬂcea@dtoedm csllgdmerdac phogpteatd ¢tiester. oMol dvid a potential

le Aillustrates t Iovve residual AA in the
sol .n@sgdn fe\ét,@rcq;bﬁemr@rf%ffor thePhaspberus\comperadiwas used.
rat €B z 'ctdn'&@nﬁ‘é ol & th'@?) Bgoﬂﬁl &cﬁﬁ?@ﬁn&‘ﬁﬂ@ amount
t|t nlumcatayst an rtron of a

cat abﬁlsmlvelataprtelseat whichr mmd |hvdraly)zeaopg|y¢elylzerth¢ademer was
th tit I Iate d|t| of a .

cat aluiceo RORRHEE 358 Wi ek ot B weight % fgidiion in

resi gidr, %@Em@ﬂ@@@érﬂbbﬁ?oﬁﬁ%@ﬁr\%n@ i Bt canves! Fé’produmbly

have been higher if the sanme finisher vacuum used
Exanptided\byavolurneia syringerteathet p&lyn@m @.082. rﬂihbweloh

5 S B s B8l abody sdlBh B3 s BEGMRE” Digidhperic
f urt pRospIIRAfiIRstde Were sddat] dpéctRysd argswfw % BRosphorus.

finisher stage residence time was simlar,
ti t ahha@ramaliest amount @b thepligorpgric \nhpsehmetneétﬁfs itiat could be

L eMPRLABULEiDNPIAdd b 3Bfifiné Qi SiHge thtRePdiftthel WabTPbE mL,

5 was
which corresponds to a target of about 20 ppm P in the polymer.

The array in Table 7 sets forth the processing conditions for
making the titanium catalyzed polymers using about 5 ppm Ti and using
the oligomer mixture starting materials and amounts described as in
Example 1, except that the oligomeric mixture contained about 1.5 DEG,
and the degree of conversion, with some variance among batches,
ranged from about 90% to 95%. The phosphorus compounds were
added at stage 12. Two polymer runs were made per the following array,
one for the addition of phosphoric acid, and one for the addition of

oligomeric phosphate triesters.
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Typical conditions for polymerizations catalyzed by antimony
compounds were at about 285°C- and about 250 ppm Sb in the polymer.
When terminating a polymer run at a torque equivalent to approximately
0.80 IhV, the revaction time was about 58 minutes. The array in Table 1
was used for runs catalyzed by about 250 ppm Sb. in Comparative
Examples C & D, blue and red organic toners were added to target a disc
10 b* color target of about 2 CIELAB units. The phosphorus compound(s)
was added in stage 12. Two polymer runs were conducted per the
following array, one for the addition of phosphoric acid, and one for the

addition of oligomeric phosphate tri-esters.
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Exanple B Ti 7.69 15.39 73.80 -0.24 4. 19 0.997 73.3
-0.87 -2.41 34.1 Exanple CTi 7.69 15.39 74.64 - 1.18

WO20@15035893 73.69 -1.37 -3 34.7 Exanple D Ti Z:cfiﬁ]sl&)sﬁ)ﬁmm

10

75.01 -2. 14 1. 02 0.996 74.29 - 1.91 -2.96 34.
Conparative A 6.69 13.38 77.27 1. 19 2.54 O 967
75.91 0. 1ab 1928§2t%@"$‘ anglytica sesults corppariag the titgnium.

adar £ anyR ARERIERERbRD A b oh e SiohiBicf it an

PET pligometie phosphatedviessteesAdowkr Arhoaumd P fontigédsame Ti level,

gene atlon at e on nmeltin el ati to an

cont 1 MRl £t e b %ecdlélﬁét’@%ﬁ'@'”mt For
not t gy,

iy %é*ﬁ%’%l T, 16 EpBmple T the P TRToRe AR st WEXRIValfes was
geneaboubﬁ 5t dtemparable cesults ang expexded 6t Pori & howewnes, it was

nobt | e Conpar a e Sample C.. D ..
Thes Btisiin 28 el vy sl aaipun oheldoRE ahpRehaledrinsters
of Cﬁb@ﬂé@‘to HEeHehid POI' l%lé'ratlélomkﬂf tHe' 126 Ycale, lRpetlly as
for |y fornul ated pol yester polynmer conpositions

cat aﬂ'ﬁ@blleMGI was lowenedule S ppmaasiindhgse examplashaBlue and red

o otgtie ot ere R o3Pt L@ s o Tpigl ok BBt 2

sol i CIEDABasiiRl TR teHd FateaSofRé Tiaatalfred 6I9Frf§r'rﬁéltched that
rate Uﬁ_&n nelting were evalutated. In eS E&F

bl ue OhH® Pawatalyzed polysirswithis testrraer tmer afe g black iron oxide
di sc %ﬁ 8{) target of about 2 ClIELAB units. A small

anmount™ ( Z? 5 g) of black iron oxide fromFerro, was

added to increase the reheat rate of the Ti-catal yzed

pol ymer to match the reheat rate of the Shcatal yzed

pol ynmer. In Exanples E & F, phosphorus catal yst

deactivators were added
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to polyester polyners catalyzed with |ow | evel s of
titanium (5 ppm) at relatively |ow tenperatures
wod0¥d363s0 Wien terminating a polymer run at apc@fuiues/oos163

equi valent to approximtely 0.80 IhV, the reaction
time was about 155 mn. The P/Ti nole ratio was at
|f¥§§7 one. After the 155 m nutes of polynerization

t he vacuum was broken, the phosphorus conpound
was added, and vacuum was resunmed to enhance m xing.In
t hese exanpl es, the phosphorus conpound was either
phosphoric acid or an oligoneric phosphate triester.
To avoid a potential loss in It.V., a concentrated
form of the phosphorus conmpound was used. By using a
concentrated form of the phosphorus conpound, the
amount of sol vent present which could hydrol yze or
gl ycolyze the pol yner was reduced. Phosphoric acid was
added as an 85 weight %solution in water. The
smal | est anobunt of phosphoric acid that can be
reproduci bly added by volune via syringe to the

polymer was 0.02[&l _o|which corresponds to a target of
about 80 ppnt#3ﬁnmrh§}polywer mdg goneri c phosphate
t1i-ester M8 Sadfied|di rectRySag # Swt . /wt. %
phosphor usf. ng sgeitest anount of the oligoneric
phosphat e |t ri &SEeNs é}at couEd be repyoduci bly added
by vol unme via%ﬁ,i ng&|t 0 theopol ymey fas 0.02 ni _,
whi ch cor respomnd 0 _4 target of about 20 ppm P in the
pol ymer. The ar%§8 i BjTable ¢ sets forth the
processi ng cordR} epnss|f or naglng thge &itani um
cat al yzed |pol ¥ s| usijng abodt %5 pmindi and using the
ol i gomer mixturejgtartiing materials and anounts
descr‘gbed as iy Exanplle 1, egcept that the oligoneric
ni xt @e cdidimed abodt 1.5 @EG, ar)?d & he degree of
conve® si on® %% h|some |var i ante am)ng ‘bat ches, ranged
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added at stage 12. Two pol yner runs were nmade per the
follow ng array, one for the addition of phosphoric

woaoishsosnd one for the addition of oligonericrohaspidioesics

10

15

20

25

30

triesters. Table 7 = ranp Typical conditions for
pol ymeri zations catal yzed by anti nony conpounds were
at about 2850C and about 250 ppm Sb in the pol yner.

When t er mpatd '
Lo’ appr oxMEdridut GOAX HnersBapdh ndlifigTol BARKRIEE (6 pom
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P: Ti fole ratro, na € as € ive
poi nt. For exanple, in Exanple E, the P:Ti nole ratio

using the XRF val ues was about 4.5. Conparable results
are expecVédlebxample Grwas sagpiat darken{glind: 1 @.led) 8 disc L)
to a nﬁ)%r : e [ [ P
tri eg‘%erfrgsn eé%%@gkéo (,!IC%E@H&ﬁ%ﬁ\?@?élé&?!@?%ﬁ%cmp b
t he taagetofa? whiledpempaltativeaSxarmplelC was elbseato thenarget;

to 5 as, i n these exanpl.es. Blue and, red organic .

¢ oneltEielore. Isaf BIHG Ines Wiid Haie Geapaasiest (o dARR Comparative

aboukxanfelE ARepRE! B EQRS@H HaeS5edH bligiter. On the oth

Ti - cai(arln?zed ' pgl'yrr'er X?rrytb&ed tﬁat iGffer. On the other
hand, Comparative Example C was redder than Example E; therefore,
less red toner would have been needed to get a neutral Chip a*, like

Example E, hence, Comparative Example C would have been brighter.

Table 9 sets forth analytical results comparing the titanium
catalyzed and the antimony catalyzed polymers stabilized with phosphoric
acid. A lower amount P for the same Ti level, that is, a lower P:Ti mole
ratio, may be as effective to a certain point. For example, in Example F,
the P:Ti mole ratio using the XRF values was about 25. Comparable
results are expected at P:Ti of 1; however, it was difficult to add the véry
small amount of phosphoric acid needed to do achieve P:Ti mole ratio of
1 on the lab scale, especially as phosphoric acid is more concentrated in
phosphorus than the oligomeric phosphate triesters, and as the Ti level is
lowered to 5 ppm, as in these examples.
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of the Sb-catal yzed polynmer within test error;
therefore no black iron oxide was added.t Table 8 O
woGadsasofRed Blue P ItV 3 disc 3 disc 3 disc RHpcRawdes/006163
Powder Powder % yst Toner Toner ppmdL/g L* a b* (Ref.
L* a* b* Crysppm ppm 9921W talinity Ti 8.69 17.39 15
0.855 75.68 0.03 0.92 0.97 73.69 -0.69 -4 39.3 Sb 6.69
7163738 18 0.881 77.27 1.19 2.54 0.967 75.91 0. 12 -2.62
38.5 i The anobunt of AA generated upon nelting for
Exanple E (5 ppm Ti at 2700C with 15 ppm P added | ate
froman oligonmeric phosphate triester) was very | ow
(around 5 ppm) and certainly nuch | ower than that
generated for Conparative Exagpfge_cr(around 22 ppm.
The amount of AA generated fov Exdmpte E was | ower
than for Exanple A, even though the pol ycondensation

t enper at urje- was a’&?C%C in baghgicases. Exanple E has
about hal f ggegﬁ',- ptgsent i®H Exang €A Since the
titani umle%é}gs | B\er and~tfile phosphorus level is
sonewhat NiQheriin F arrple,(l;, the P.Ti nole ratio was
hi gher in |Examplg| Egfhan i ngExanple A. \Wile Exanple E
was somewhat Zafker s(chip L, Sa. k&a.33 disc L*) than
Conpar ati Ve Exahple € Exanpf-eUE was al so bl uer than
the Chip B*target—of 2 while Conparative Exanple C
was cl oser| to t1§ taliget; tpegefore, less blue toner
woul d havg b e@aee@ed to matgh Cegnhparative Exanple C,
hence, ExgnpkeTE fwulld have~bden brighter. On the
ot her hand, Conparatijve Exanpl e _C was redder than
Exanpl e E;| ther&bpre| |ess red Eoger§mul d have been
needed to |geg S dputnal Chip &*F IF ka
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Exanpl e E, hence, Conparative Exanple C would have
been brighter. Table 9 sets forth analytical results

WwWOoCoMPEn3s0g the titanium catal yzed and t he ant ipg@nyk2008/006163
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catal yzed pol yners stabilized with phosphoric acid. A

| oner anount P for the sane Ti level, that is, a | ower

P.Ti nole ratio, may be as effective to a certain

poi nt. FoExax®ielFewas brightarghiggher GHip oP3Tdistt eatidibluer (lower

usi ng. the XRF val ues was about . bl e resul ts

are g»hﬁfé@f edisg bﬁ:th?n&fompaf?éwe\é@mplﬁﬁa h@.ampem@ AA

to a Y eallly Hﬁéq,sm Sraedsd

to dgg?\%ﬁ%ﬁé’&%}ﬂﬂﬁg rat'ﬁ'gﬂé on Héﬁ?%{)éscf:al e, ple E.
espedhs d:quld:bepdhmestdﬂhe phesphoris sovroe aruioetiter mueh higher P:Ti
phos&gﬁrus thaE t he, oLi goneri c phosphate triesters,

and ¢ Ktior|n FXPI€ €. [owered to 5 ppm as in these

exanpl es. O Table 9 Catal yst Red Blue P ppm ItV 3 disc

L* 3 disc 3 disc RH Powder Powder a* Powder % Toner
Toner dL/ ghe*amougtReffAAigenesated fonComparatbee Exadmie D was

P Dol hn cdinerBle i Y b aRtbe Eximdisd 8.2, Fris could

Conppeafuetd the cﬁff&%nl%h@ggﬁﬂrug s%ﬂ:ﬁ‘cg ana Jn|g§l'aé_79e3eIg’ﬂ'nosphorus
0.987 74.3 -0.41 -2 D i Exanmp was brighter

( hi gleael tncpmparativg Examplg Dand bI uer (| ower Chip or 3
di sc b* ) than Conparative Exanple D. The anount of AA
generated for Exanple F was higher than that generated
for Exanple E. This could be due to the phosphorus
source and/or_the nmuch hi gher P._Ti rmle ratlo in

ExanfXamplesrf thrtod C@m%&a@‘@]@‘ﬁ r Fcbhparati ve
Exanpl e D was

Catalyst deactivators can be added after manufacturing the solid
polyester particles, for example, during extrusion. Melt blending
previously-made polymer and catalyst deactivators in a glass flask
achieves a fairly uniform distribution of the deactivator within the polymer,
somewhat like that which occurs during compounding extrusion or during
extrusion in general. These examples use the melt-blending proceduré
outlined in Table 10, and utilized 100 g of PET modified with about 2.6
mole % isophthalic acid and about 4.2 mole % diethylene glycol. This .
PET was produced on a production scale line with about 10 ppm Ti and 0
ppm P (none added). Pellets were cryogenically ground through a 2 mm
screen to facilitate mixing in a glass flask with a paddle stirrer. The
resulting ground materials or powders are dried at 120°C under full
vacuum (25-30 in. Hg) overnight (about 16 hours) in a vacuum oven.
After cooling the flask to about room temperature in a desiccator (about
1.5 hours), the catalyst deactivator is weighed into the flask.
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| ower than that generated for Conparative Exanples A &
C. This could be due to the different phosphorus

wo20eye3sand hi gher | evel phosphorus level in pcT/US2008/006163

10

15

Conparative Exanple D. Exanples G H, I, J &

Conpar atiye anpl es E, F, G Catal yst, deactivators can
e added ArRYTRRRGRLSULT BHEPT Has SURFReS ang B sk purged
part E@%ritﬁﬁfroﬁéﬁﬂﬁ*h"e CAWILEI™ &S §ﬁ<9ﬁ‘sy§f%H is programmed
bl endi ng previ olsl y-nade pol yner and cat al yst

deactdantbe folbowing arglyass et &arkh achakleetD.a fairly

uni formdistribution of the deactivator within the
pol ymer, sonewhat |ike that which occurs during

conpoundi ng extrusion or duriyygpl&Xiorusi on i n general.
These exanples use the nelt-pl ending procedure

outlinedun. T 10, ut{,L,Zed d; T .
ool 11 batade 1o 1O)) Bemolt yobléscp%lﬁlhal FUwerj| Estimated
about 4.2 nol|éVh. di et h3Cene gTgeol{.RFM $ kgEdmwaps End Time
produced on g productjion scale line with about 10 ppm

cryogehilcal 1y & ound [AFBubH| 200 il soradh 1o | 102399

faci |l i tatemximg—T e gtass f+ask—wthapaddt¢
stirrer2 The |r®sul ti nFZZ]@ound?&ﬁterO al s|& powden:28:89
dried at_1200C under full vacuum (§125-30]in. Hq)

over ni ;Igt (al:qbut 16 hlggzlq% in7§0va%um Dyen. Af aqb:33:59

cool ing~the fllTask to rpomtgnperature in

desi ccator—(gbout—t 5 hours)} the catatyst deacfivator

is weigHled it the | 28Q. A péBYnar1dfead Oni t h st 1Or3&:59

was attached]and the flask purged jtwicelwith nifrogen

The CAMcLE ' i d 1ap
e CAMg (tn%autonafa???;%/swﬁnIg%fflgoglr me 3996@59

followng arrjay, as s h 1n T 0. Tabl
ranp A[TTDOGEergtre ni trogen purge way enplroyed at af i
tines. |Buring?2 270 730 | 75" 0 10:44:59
7 5 270 730 |75 0 10:49:59
*= ramp

A moderate nitrogen purge was employed at all times. During

Stages 2 and 3, the stirrer was turned slowly by hand. Following the end
of the array, the polymer is separated from the glass flask, cooled,

chopped, and cryogenically ground to pass a 3 mm screen. The ground
polymer is analyzed for acetaldehyde generation rate, inherent viscosity,

L*, a* and b* color.

A lower amount P for the same Ti level, that is, a lower P:Ti mole
ratio, may be as effective to a certain point. For example, in Examples G,
H, | & J, the P:Ti mole ratio using the XRF values was about 8 to 9.
Comparable results are expected at P:Ti of 1; however, it was difficult to
add the very small amount of phosphorus compound needed to do
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Stages 2 and 3, the stirrer was turned slowy by hand.
Foll owi ng the end of the array, the polyner is

wosapsisat®wd fromthe glass flask, cool ed, choppedyuesk/006163
cryogenical |y ground to pass a 3 nm screen. The ground

pol yme _|s ed for cet | dehyde generatjon rate
i nhePERIEVE| s&bg\ﬁ%ﬂa |9° tﬁeiﬁasea'ecgmc'aly giygRthe
anouphnEedifdted fb?bo‘éﬁﬁsru-g 6&\68& ustdM tHiS exar ropPoTi
nol e rati o, my as ef ective to a certaln point.
For exanple, in Exanples G H | & J, the P: T| nol e
rati o using the XRF val ues was about 8 to 9 .
Conparabl e results are expected at P:Ti of 1; however,
it was difficult to add the very small anount of
phosphorus conpound needed to doachieve P:Ti nole
ratio of 1 on the |ab scale, especially given the
concentrat ed phosphorus sources used in this
exanpl e. Table 11 i (Wth about 10 ppm Ti in the
pol ymer and about 50 to 70 ppmof P (P:Ti nole ratio
of 8 to 9) added via a catal yst deactivator, Table 11
results indicate about a 50% reduction in the anount
of AA generated in a Tinius O sen extrusion
pl astonmeter at 2950C for 5 mn, relative to the cases
where no catal yst deactivator was added. There is al so
an i nmprovenent in the polyester color upon addition of
the catal yst deactivator, particularly, in terns of
| ess yellow color or lower b* . A variety of catalyst
deactivators were used in Table 11, including
phosphoric acid (H3PO4), pol yphosphoric acid (PPA) and
phosphorous acid (H3PG3). Mt bl ending catalyst
deactivators into previously isolated polynmer was an
ef fective neans of | owering AA generation. Part or al
of the
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716@nvent i onal

cat al yst deactivator may be
pol yester particles are obt

woebd/rspixase manuf acturing pr

all of the catal yst deactiv

added after the solid

ai ned from an excl usively
ocess.
ator may be added after the

solid polyester particles are obtained froma

manuf act uri ng

solid-stating). Options for
deactivator after the manuf
pol yester particles include
make concentrate particles,

process (i ncludes

addi ng the catal yst
acturing process for solid
conmpoundi ng extrusion to
whi ch may be bl ended with

the bulk of [tHey thbxb&qurior t o subsequent
ext rusijonSor nﬁ%@r@:{éﬁ &lg , and/or adding catal yst
deact i v tthe extrpder| or the nelt processing
equi png hlis part|of jmaking a product, including
a fiber @‘gﬁg%g’g@nﬁ]film atray, a tube, or a
bottle oo | WisCh | dsEspgide usi ng an extruder in an
I njecti i ng|proceps| {The catal yst deacti vator
may be glthelextruder neat or in a liquid
carrier| I KNP REBlat i ve Exanpl e HThese
exanpl e kg s @me| griare|i ng pol ymer and procedures
as descfi iin |[Examples G| H | J & Conparative
Exanpl &—FHrerrptt—bl ending array used is that
shown i Bil=e @ B ToRiBig the end of the array or
| ab pre idn,| the“pd|9®r was cool ed for about 15
mn., s te¢d |fnom t he gllass fl ask, cool ed for about
10 mn. dﬁﬂber pl aced inaniater into liquid
nitrogen. The |pdl r [was| ground cryogenically to pass
a 3 mmiscreeh.|gikeciesepond| or free AA sanpl e was kept
frozen junti i#(*‘)sgrga,g{g{ Mt by headspace GC per ASTM
# F2013- 00.Q|A |lkgwer’|&polt™ P for the sane Ti |evel,
that s, aFlover| ®: Ti |nple fatio, may be as effective
to a®ertai® Hoilny. |For| exanple, in Exanple K the
P: Ti njLe d@ﬂ&o usi mg|t pe| XRF val ue was about 10.
Conpar apte
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results are expected at P:Ti of 1; however, it was
difficult to add the very small anmount of phosphorous

wo2ebghsoseded to do achieve P: Ti nole ratio of peTA%2608806163
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| ab scal e, especially given the concentrated

phosphorus source used in this exanple.O Table 12 P: Ti
AAGEN XRF T| XRF P Mol e IhV AA FN 295/5 Exa g

Addi tive YYBh§oeWs1H prat Tunthe pelymepayd eesﬁrﬁ) &%79*ppm of P

AVG 4

3. o T ipILiat BEFES of oo Yio 9 ata s Ay T

1 99re‘$uﬁ$ uﬁmcai% dbal®t 280%2redixcfin 22 tHe2amouinPef ARadererated in a
| end lyst . d t t

o ev T Bits DisebeRTusion Piasibaesrca 24818 e aain. reiatite tgne

phOSE&’é&é@héF&'ﬁS‘é‘&@al ct.K/s&#'v&a% hidddd. ¥heke RIABo

residual or free AATn the solid polyester particles,

as V\Emproasmemhimme polyestgs colartupom addition iok thet tatalysten
for anpl es H .l 6 &.J. What Cla'mls: 1. A netho
for SRACAIRT. Eartspiay 431 et Bes vBlB Riasr 1OwWRF b20A
part &gty of QaRdIy St dehictivhtd?e Wesen@deash abke nal In%lhdlng

pol yest er pol yner 005)03| tion in the presence of

pol ypbesrheyie a@d (l:léfD 4)s polyphpepherieaciddmiA)s and ph08phorous
tita b) addi ng a catal yst deacti vator
com%éﬁm e rmlten pol yest er

Melt blending catalyst deactivators into previously isolated polymer
was an effective means of lowering AA generation. Part or all of the
catalyst deactivator may be added after the solid polyester particles are
obtained from an exclusively melt-phase manufacturing process.
Optionally, part or all of the catalyst deactivator may be added after the
solid polyester particles are obtained from a conventional manufacturing
process (includes solid-stating). Options for adding the catalyst
deactivator after the manufacturing process for solid polyester particles
include compounding extrusion to make concentrate particles, which may
be blended with the bulk of the particles prior to subsequent extrusion or
melt processing , and/or adding catalyst deactivator to the extruder or the
melt processing equipment which is part of making a product, including a
fiber, a sheet, a film, a film, a tray, a tube, or a bottle preform, which is
made using an extruder in an injection molding process. The catalyst
deactivator may be added to the extruder neat or in a liquid carrier.

Example K & Comparative Example H
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pol ymer conposition; c) after reaching an It.V. of

about 0.69 dl /g or nore, solidifying the nolten
woPRRby/Basser pol yner conposition into solid pol yesh®?008/006163

pol ymer particles which do not contain added

acet al dehyde scavengers; and d) reducing the anmount of

resi dual acetal dehyde in the solid particles to a
| evel of JbHEEE exenies upe(the same stadingpelymer and procedures as

w th i [ Ity V. of [

hanSebe L FoEkdifiolestel M, Ky & GonibafRik BldfioRY ETH S, The

cat amelt bldadingi aredyoused ipthatdhownadd datlé A0t Holiowlingthe end of
n step ne

5 hor o2 STRL Of 5B BRRRIBHRR r1DS PoTHSk AR holed {f @bout 15 min.,
r eac"s@?aia‘?é%%h%’ﬁ@@%% 'fl?gk,t {t?olg@lféreébdlﬁl beﬁlirﬁ fand then placed
or en before a

pol ynme et we alrd tinal reactor an
cut t anmiediatelytibionguith@itnadere nT pe ppbsner wasigyownd cryogenically to

he. Past/a D heress) e pongBat anfreg My Sambls S kepbfrozen
has ghfats meadlirdriést by héadépa® GO péi ASTIWAFLHT3-00.
applied to the nolten polyester polyner nelt, if any,

10 is at least partially released; or (iv) follow ng at

2% %P SgfS PR el L ol

sol i eatlo, pedy B8 aswffdctive thid Eerfain Qoifth R exXaeiple in Example K,
solidifying the nmelt.2. The nethod of claim1, wherein
sai dthﬁ;%{l'émn@gugg@@:@mgomey%@: value was about 10. Comparable

results are expected at P:Ti of 1, however, it was difficult to add the very
15 small amount of phosphorous acid needed to do achieve P:Ti mole ratio
of 1 on the lab scale, especially given the concentrated phosphorus

source used in this example.

128



conposition conprises: (a) a dicarboxylic acid

conponent conprising at |east about 60 nol e% resi due
wohod/gosht hal i c acid or of a diester derivat ecafus2008/006163

terephthalic acid and (b) a diol conponent conprising

at | east about 60 nol e% of residues of ethylene

gl ycol, based on 100 nol e percent of dicarboxylic acid

conmponent residues and 100 nol e percent of dio

conponent residues in the nolten polyester polyner

conposition. 3. The nethod of claim1l, wherein the

nol t en polryeRIeIT gollymer conposition conprises: (a) a
car boxy| i ¢ Agt|/@|conmponent conprising at |east 80 nol e%
resi duejs cﬁg ereprtmallc acid or of a diester
derivatj ve <f |terephthalic acid, and (b) a hydroxyl
conponent COPIA[Siing at | east 80 nol e% of the residues
of ethylenemgzﬁiol, based on 100 nol e percent of
carboxy| i ¢ Slcl|d' [canponent residues and 100 nol e
per cent| of fydraxyl-|conponent residues in the nolten
pol yestler poleyrr (conposition. 4. The nethod of claim
2 , wheyei ﬁh%mlten pol yester pol yner conposition
conprises: %ja)| 4 di ¢arboxylic acid conponent
conpri sj | gagt {92 nol e% r esi dues of terephthallc
acid or| of a licgsygy derivative of terephthalic acid,
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(b) a diol conponent conprising at |east 92 nol e% of

the residues of ethylene glycol, based on 100 nol e
woRessBntsoof carboxylic acid conponent residuepcantd2ddd®osics

nol e percent of hydroxyl conponent residues in the

nol ten pol yester polynmer conposition.5. The nmethod of

claiml, wherein the ambunt of titaniumin the nolten

pol yest er I 0 [

o 71 om aban 2 FRRRIERdRg, P cREREE LG AR BRéviousy

wei glaolatédtThe:ahaiyszﬁil ywdeewitpouyaﬂy phosplueriusicompd@und

. The t. hod im1, wherei
i ¢ aArdR TEsps i aitgier b renBalsr FrE AR in be salidapivester
5 in aEaﬁlBlé’sl'tasqx/eﬁ B8R dropARAR aﬁerQFéS‘n%&eﬁké thdthRen for
t of the nolten po yester pol ymer conposition. 7.
The EesﬁﬂmﬂeSJG d,di&nJ1, wherein the anmount of titani um
in the polyester polynmer particles is present in an
anmount of from5 ppmto 15 ppm based to the wei ght of
the nolten pol yester polynmer conposition. 8. The
nmet hod of claim 1, wherein the titanium catal yst
conprises a titanium al koxi de. 9. The nethod of claim
1, wherein the polycondensation is continued to an
l[t.V. of at |east about 0.72 dL/g. 10. The nethod of
claim1l, wherein the polycondensation is continued to
an |t.V. of at least 0.76 dL/g. 11.The nethod of claim
1, wherein the polycondensation is continued to an
[t.V. of at least 0.80 dL/g. 12. The nethod of claim
1, wherein the catal yst deactivator conprises a
phosphorus conpound.
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13. The nmethod of claim 1l wherein the catalyst
deacti vator conprises phosphoric acid; phosphorous

wobglisofRer ophosphori ¢ aci d; pol yphosphori ¢ aci @ict/ys2008/006163
car boxyphosphoni ¢ aci ds, phosphoni c acid derivatives,

or each of their salts and esters and derivatives. 14.
The nmethod of claim 1l wherein the catal yst deactivator
conpri ses phosphoric acid; pyrophosphoric acid;

pol yiWmatWeGlainatd:d; or nono- or di-esters of

phosphoyi ¢ acj,d wth ethy]epe coO di et hyl ene .

O yoor 1 A Beldios s beiuefisn St ¥R polyeRieR Bpffiter particies
acidic ph@gﬁ@ﬁgmgesters of pyrophosphoric acid with

et hyl ene gl ycol, “di ethyl ene glycol, triethylene glycol

or 2-ethyl %m&uﬂoﬂdaosmg@ moggpMWs'esmmimet composition in the

sB) YEMOSPNOr el o4 Boftaanath Yatlys PO
m xtures of edfdprisidy fitapiumespediesf claim 1, wherein

t he catal yst deactivator conprises phosphoric acid.
16. The neth@dditg 2 catalyst deggtivatphcemporad 49 the molten polyester

deacti vat or ' phorus conpound present in
a P.Ti nole ?’%!W’Eé’ifagﬁ°§‘ﬁ§@t about 0.15:1 . 17. The

met hod of @) after fieachirey an .V hef abaiut0y8g didigasrtrher, eblidifying the

conpri ses a phosphorus conpound present in a P; Ti nole
10ratio of at IMRMEN polyester pelymericompasition ipto golid pelyester

wherein the ' '

phosphor us cm%'zﬁ%@gggmmﬁ Bg @?ﬁﬁ@féd?ﬁ? Iagetoagd%r%yde

| east 1:1 . $Bavamgerspamebd of claim 1, wherein the

phosphor us ound.i s adde

Phe-ond of A FRAENG f58Tinbpr taiia et ataieriadee 5Pl
and before apgeidied td Qlevelbf AbSutt TEppRI draBsP M thesddht state
polynmer into particles.20. The nethod of claim1,

15wher ei n t he pbophnhaeasiogtwitiy . iof theipgadictes by more than about

0.03 dL/g in the solid state;
wherein the catalyst deactivator compound is added to the molten
polyester polymer composition in step b) at one or more of the
following points:

20 (i) within a final reactor for polycondensing the molten
polyester polymer or between said final reactor and before a
cutter for cutting the molten polyester polymer composition
into said solid particles; or

(i) after the It.V. of the molten polyester polymer composition

25 has risen to at least 0.5 dL/g; or

(iii) vacuum applied to the molten polyester polymer melt, if any,
is at least partially released; or
(iv) following at least 75% of the polycondensation time; or
(v) within +/- 0.10 dL/g, of the It.V. obtained upon solidification;
30 or
(vi) within 30 minutes before solidifying the melt.
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the nolten pol yester polynmer after the polyester nelt
obtains an It.V. of at |east about 0.74 dL/g. 2 1. The

woebdrzezsef claiml, wherein the phosphorus compaurdols®osiecs
added to the nolten pol yester polyner after bringing

the pressure in a final reactor to a | evel of about

600 nm Hg or greater and before the polyester nelt is
solidified. 22. The nethod of claim1l, wherein the
phos@horhes methooliraf ckimddedwherainesawl maoltgrol palgesier polymer

pol ymer follo¥m gat ] east about 95% of the
pol ycorf BRI “PIREISEE3. The nmethod of claim 1,

uherei n {8 PERSAOKINE LMBOMHENEAL e&%ﬁsmg dtfEadteddih 60

pol yester "pol ynmer when the It yester
i s within abvoie% residue quer@phthaélcmﬂ@ﬂépf atdleﬁteugenvate of

solldlflcatlon Th od of claim1, wherein the
5phosphorus co ﬁ%‘%ﬁ'ﬁﬁ%"‘f gg’g% to the nolten polyester
pol ymer Wit auomb@mpolﬁnmbampmur@ atl Ieast atho @0 fholedord

the polyester nelt. 25. The nethod of claim1l1, wherein
t he phosphori@sidusssiaiaylesealysdh to a final reactor

I bt ogélﬁé/& BRORIP égﬁ:e'ﬁ?g?ﬁ a é%ﬁéta%fd 88|Jnéggént residues and

a pipe |n osp rus comnpo
cont a00erolei gdrcentofiol camponhertiresitulet én the matengsolyester
pol ynmer exitin the final reactor and recircul ated

10pack PPyMerEampPR§tioRact or. 26. The method of claim 1,
wherei n the AA scavenger is one or nore polyan de
honmopol ynmers or copol yners. 27. The nethod of claim1,
wher 8i nThenmethbed dfielainack tvetiatemythe rablteh poby@istet polymer

Phe. pardiEbestion ot RTBESe! to form a bed of parti ol 6s
wi thin t heaveeafoxyd dckPEdMpbhest ddifiprising at least 80 mole%
15 residues of terephthalic acid or of a diester derivative of
terephthalic acid, and
(b) a hydroxyl component comprising at least 80 mole% of the
residues of ethylene glycol,
based on 100 mole percent of carboxylic acid component residues and
20 100 mole percent of hydroxyl component residues in the molten

polyester polymer composition.

4. The method of claim 2, wherein the molten polyester polymer
composition comprises:

25 (a) a dicarboxylic acid component comprising at least 92 mole%
residues of terephthalic acid or of a diester derivative of
terephthalic acid, and

(b) a diol component comprising at least 92 mole% of the residues
of ethylene glycol,

30 based on 100 mole percent of carboxylic acid component residues and

100 mole percent of hydroxyl component residues in the molten polyester

polymer composition.
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bed with a stream of gas introduced at a gas flowrate
not exceeding 0.15 SCFM per pound of particles per

woYe/es0889d Wi t hdrawi ng fini shed particles fropmcriR2008/006163
vessel having a reduced anmount of residual

acet al dehyde. 28. The nmethod of claim27, wherein the
solid pol yester polyner particles are introduced into
the vessel at a tenperature range of at |east about
1400C up to about 17Q0C. 29. The nethod of claim 27,

tenpBr ot egiod eEcalhdn MER the SetoLs 5F Sebirin e moten
Cl ai Hbl%@steméfﬁhél' ddiSp&fion & ﬁb&enﬁnjanT%oGﬁf Bpﬁ'or?ufabdout 3 ppm

erein the gas is nitrogen. . The ne
of ctcaabmzﬁs mrtasedttnéhe avgightcsrf tln@mcd@m polyester polymer
acet al deh#i? in the solid polyester polyner particles
|s r &HPEANPR t he solid state to about 5 ppm or | ess.
33. The nethod of claim 27, wherein the |evel of

resi dual acetal dehyde in the solid pol yester poly
par t Bcl e methediol@aim A, whereja the) agiauné of tstazuqmm the polyester

:ngtsPoI%'leryé‘?hé@é réggrg? €A rhoulbSf FoM 4 pgmstgl %djppm based

ave an deh de generation

abouto th2 weighbof thesaoltétd poﬂ]betempbtwniemcfomb@slt‘rmi,
wherein the solid particles have an acet al dehyde

10generati on rate of 10 ppmor |ess.36. The nethod of

cl ai fn mé"ﬁ%"ﬂ%d“of d5ins 9! Me%ﬁ{tﬁ%%ﬁﬁnﬂﬁ\ﬁ? iARium in the polyester

acet al dehyde generation' rate o ppm or ess
net hpdlyofer pagicted is mfeeeai in amamogahobframl Hppmt toi 5 ppm based

ot ysteuh welnlB 8 Bl BSlpSish Bplgrer combositer”

15 8. The method of claim 1, wherein the titanium catalyst comprises a

titanium alkoxide.

9. The method of claim 1, wherein the polycondensation is continued to an
It.V. of at least about 0.72 dL/g.
20
10. The method of claim 1, wherein the polycondensation is continued to an
It.V. of at least 0.76 dL/g.

11. The method of claim 1, wherein the polycondensation is continued to an
25 It.V. of at least 0.80 dL/g.

12. The method of claim 1, wherein the catalyst deactivator comprises a

phosphorus compound.

30 13. The method of claim 1 wherein the catalyst deactivator comprises
phosphoric acid; phosphorous acid; pyrophosphoric acid;
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particles having a L* color of at |east about 65 and a
b* color is between about -5 and about +5. 38. The

wombdxdzf claiml, wherein an organi c col or aplerngk2008/006163
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added to the nolten polyester polyner to produce the
solid pol yester polyner particles, which are nol ded
into preforns having a L* color of at least 70 and a
b* color no greater than 3. 39. The nethod of claim1,

wher ei halbHyspRBHE aek; @aAstxybhodg6sic laeidd) pheBphEHic acid
pol yester 'pol ymer to producé the solid polyester

pol ynerdgsivatives,cwr, eagh efitheirsalts|ansdestarsoand degvatives.
having a L* color of at least 70 and a b* color from
0.8 to 2.5. 40. A nethod for the manufacture of

art i d#cEhamgthod phgaina 1 wieresuthe cajalyst deactivetar comprises

processi.n one .. (1) soli ter I . .

Do 11 cIRTESPBs 2 PhraPhosPrBf 588" BRwBRGHIRis.acid: or mono-or
havi ng:dilestét8 df pHosphorid atigadith elbgleneQlycbl ddiethylene glycol,
obtained in nelt phase pol ynerization, 1i. residues of

a pol ydoatwiens glmlm%ety\ylwmaagl; arighic pesphate ggters of
titani ' -0k | .

oo UBRaPESLEDr ko RS ALHG LB EHRAG v pipgyiene
of 0:1 dlycailop2tethyekanol; gcidicshosphatnesiees of pelpphesphoric acid
scavengers, a resi dual acetal dehﬁ_de | evel of about

10 ppmWith ptlenegiyca); diethylens dlvcak kiaiby/geRahadl 8h2-
rate | gsf Ihgi‘é‘n&bSPhi)&QreQQ?;ﬂéa%h. addi ti onal catal yst
deactlvat%r conprising a phosphorus

15. The method of claim 1, wherein the catalyst deactivator comprises

phosphoric acid.

16. The method of claim 1, wherein the catalyst deactivator comprises a
phosphorus compound present in a P:Ti mole ratio of at least about
0.15:1.

17. The method of claim 1, wherein the catalyst deactivator comprises a

phosphorus compound present in a P:Ti mole ratio of at least 0.7:1.

18. The method of claim 1, wherein the catalyst deactivator comprises a
phosphorus compound present in a P:Ti mole ratio of at least 1:1.

19. The method of claim 1, wherein the phosphorus compodnd is added at
a location near or at the end of a final reactor or after the final reactor
and before a cutter for cutting the molten polyester polymer into
particles.
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conmpound in an anount such that the P: Ti nolar ratio
of the article is less than 2.5:1 ; and b. nelting the

woPRbyeasRr pol yner particles and to form a nolpcqys2008/006163
pol yester polyner conposition; and ¢ . formng an

article conprising a sheet, strand, fiber, or a nol ded
part fromthe nolten polyner conposition. 4 1. The
nmet hod of claim40, wherein the solid pol yester

pol ypBITHR A& o BRI, SferelrPthe?p o] 4 E6mPBULAd is added to
conmponent conprising at | east about 80 nol e% resi dues

of ter dpatheltercpalyestespalmear aftestherpalyestenmeltolsains an It.V.
t er epht [ Ci a hydroxyl conponent
conpri scff%lé Iéﬁsqla@g’wag%oép%o nol e% of the residues of

et hyl ene gl ycol, based on 100 nol e percent of
carboxylic acid caonponent residues and 100 nol e

Sper c&ht Tae msthpd:ef claiBhowaerein &g phespharus kempsund is added
pol yestgr, @ %%I{;@'L %@?ééfe? lpgglsr?éelrzaﬂgm;[@ﬁ%g?? ﬁfﬁsgg?é i a final

40, wherein 't pol rpoly
conpr i geactof 49 adedelosfrabmut 600 ram Hgarmgreatsrand before the

conpri Si at least 9 | €% resi dues of terephthalic
acid Orpcque%e@p’@ittlg,soﬁgﬁggat ive of terephthalic acid,
and (b) a diol conponent conprising at |east 92 nol e%

of the residues of ethylene glycol, based on 100 nole
10per c 28t The nmedindd of tlaimal; iwhereimpthegrhospdoirasiesmaodnd is added to

the molten polyester polymer following at least about 95% of the

polycondensation time.

23.The method of claim 1, wherein the phosphorus compound is added to
16 the molten polyester polymer when the It.V. of the polyester melt is
within about 0.05 dL/g of the polymer It.V. upon solidification.

24.The method of claim 1, wherein the phosphorus compound is added to
the molten polyester polymer within about 10 minutes or less of
20 solidifying the polyester melt.

25.The method of claim 1, wherein the phosphorus compound is added to
a final reactor for polycondensing the molten polyester polymer
through a pipe inlet, said phosphorus compound contained within a
25 portion of the molten polyester polymer exiting the final reactor and

recirculated back to the final reactor.

26.The method of claim 1, wherein the AA scavenger is one or more
polyamide homopolymers or copolymers.
30
27.The method of claim 1, wherein the residual acetaldehyde of the solid

polyester polymer particles is reduced by introducing the particles into a
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100 nol e percent of hydroxyl conponent residues in the
solid pol yester polyner particles.43. The nethod of

woShéd/150&d, Wherein the anmount of titaniumin g &8hisDoscies
pol yester polyner particles are present in an anount

of from about 3 ppmto about 35 ppm based to the
wei ght of the nolten pol yester polyner. 44. The nethod
of claim 40, wherein the anmount of titaniumin the

sol i d pRlskeroSbrrA® HeEdbf gaﬁ. Ie%'\ﬁiﬂmﬁ"tﬁ‘e RESSHNANd Borﬁactfung the
amount of from4 ppmto ppm based to the wei

the solbetl with petream pb gasintrasiuced dt esgasifiow Tate rmitetxoeledmg

Qo1 {0 8 S Het D Gr 2R 8o bl Bt Witnlrayg finished
anount ;Qafrhélé@ fiohn ﬂwésselﬁaﬁﬁ@ab@‘a%@ea erﬁduent\e# rédiduaf

the nolten polyester polymer. . The nethod of claim
940, wheacstaldehydesol i d pol yest er poI ymer particles have
an It.V. of at |least about 0.70 dl _/g. 47. The nethod
of claim 40, wherein the solid polyester polymer

par t 28] Hee hmeiteodaof ¢lhiny270ivhateih ¢s solid ﬁ'alP/ébteg pol{fher Pisticles
nmet hod of _cl aim 40, wherein the solid ester
pol ynerargdntedyced inta thevessel gt a ma@ratwgsranse%at least about

dl _/9. Hpec Lfk?rrerm 7Qj‘oFcIa|m40 wherein the solid

pol yest er particles have an It.V. of at | east
100. 80 dI_/g 50 The net hod of claim 40, wherein the

Do BRoT MR of S8im 2 WiRiaih SHe08Y ISiPaHGed Hilg the vessel at
0.15: 1 3 temperafifte B IdA4hah dHowt '70"’(?1 wherein the

cat al yst deactivator conprises osphorus conpound
present |n a P.Ti nole ratio of at least 0.7:1 .52.

Th of 40 vvh h
degc gﬂﬂfjp? é%gng?p éﬁ%&ﬁﬁe&seg?ﬁg%aﬁ present in

15a P: Ti m)le ratio of at least 1:1 .

31. The method of claim 27, wherein the gas is nitrogen.

32. The method of claim 27, wherein the level of residual acetaldehyde in
the solid polyester polymer patrticles is reduced in the solid state to
20 about 5 ppm or less.

33. The method of claim 27, wherein the level of residual acetaldehyde in

the solid polyester polymer patrticles is reduced in the solid state to 2

ppm or less.
25
34. The method of claim 1, wherein the solid particles have an
acetaldehyde generation rate of about 12 ppm or less.
35. The method of claim 1, wherein the solid particles have an
30 acetaldehyde generation rate of 10 ppm or less.
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53. The nethod of claim40, wherein the polyester
pol ynmer particles has a nolar ratio of phosphorus

wooeBolse titaniumatons from1:1 to 2.5:1 . $4rh8008/006163
nmet hod of claim 40, wherein the AA scavenger i s one or

nore pol yam de honopol yners or copol yners. 55. The
nmet hod of claim40, wherein the solid particles have
an acetal dehyde generation rate of 8 ppmor |ess. 56.

The pet frRd nﬁ’éth@li%f’élﬁ@n 1, WasErinnthe R liaPardies havé an
bottle preform 57. The method of clai m56, wherein

the botadetaldebyds generatianirats ef ppmcastlessiehyde cont ent
of about 6 ppmor |ess. 58. The nethod of cl ai m 56,
wherein the bottle preformhas a residual acetal dehyde

cont 8N T metigdroPelalng IS whefein Bheorghitasblérant Istadtiekbto the
wherein the bottle preformfurther conprises a reheat

Saddi t i vBOltep polygstempolwsaento Rirdues stystallizadesqelid:priyester polymer
bottle rﬁél@ %’1 t$E;F8@g§§ ??fgégﬁ?lscglgﬁ?ﬂlﬂggrbm’c%@r% between

t enper ure
mai nt aiabouy ﬁapd@fn@ulms’f val ue of about 70 or nore,
and a b* value fromabout mnus 0.8 to about plus 2.5.

61. The nethod of claim40 wherein step a) further
CO”'F’BBS'TH@ mé‘l‘nbe%f%'laﬁﬁw waﬁé}‘élrpén |6’f:olor nt is added to the

pol ycar bonat es or yami des, tures {her &6
10t he nelmoler petyesteg pndymer torpradueertl*umi;ol@pd:lpestbopbly&(br
% base nol t en

t [ t of t |
Compos Rac1S5, WhiEh e dactdas Wb ATatorms g A L2 ol 2y Bt least

furtherzeaR®ais dfor Md GREMS! handg. @ PCR into the nelt
processi ng zone, in an anount up to about 50 Wt %

based on the total weight of the nolten pol yester

conmpgg! fl"leorrﬁethod of claim 1, wherein an organic colorant is added to the

15 molten polyester polymer to produce the solid polyester polymer
particles, which are molded into preforms having a L* color of at least
70 and a b* color from 0.8 to 2.5.

40. A method for the manufacture of articles comprising:
20 a. introducing into a melt processing zone :
(1) solid polyester polymer particles produced in a melt phase
only process, having:
i. an It.V. of at least about 0.72 dL/g obtained in melt
phase polymerization,
25 ii. residues of a polycondensation catalyst composition
comprising titanium species,
iii. a catalyst deactivator comprising a phosphorus
compound in a P:Tl molar ratio of 0:1 to about 2.5:1,
iv. lacking an acetaldehyde scavengers,
30 v. a residual acetaldehyde level of about 10 ppm or less,
and
vi. an acetaldehyde generation rate less than about 20 ppm;
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(2) additional catalyst deactivator comprising a phosphorus
compound in an amount such that the P:Ti molar ratio of the
article is less than 2.5:1; and

b. melting the polyester polymer particles and to form a molten
polyester polymer composition; and
c. forming an article comprising a sheet, strand, fiber, or a molded

part from the molten polymer composition.

41.The method of claim 40, wherein the solid polyester polymer particles
comprises:

(a) a carboxylic acid component comprising at least about 80
mole% residues of terephthalic acid or of a diester derivative of
terephthalic acid, and

(b) a hydroxyl component comprising at least about 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 solid

polyester polymer particles.

42.The method of claim 40, wherein the solid polyester polymer particles
comprises:

(a) a dicarboxylic acid component comprising at least 92 mole%
residues of terephthalic acid or of a diester derivative of
terephthalic acid, and

(b) a diol component comprising at least 92 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 solid polyester

polymer particles.
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43.The method of claim 40, wherein the amount of titanium in the solid
polyester polymer particles are present in an amount of from about 3 ppm

to about 35 ppm based to the weight of the molten polyester polymer.

44. The method of claim 40, wherein the amount of titanium in the solid
polyester polymer particles are present in an amount of from 4 ppm to 20

ppm based to the weight of the solid polyester polymer particles.

45. The method of claim 40, wherein the amount of titanium in the solid
polyester polymer particles are present in an amount of from 5 ppm to
15 ppm based to the weight of the molten polyester polymer.

46. The method of claim 40, wherein the solid polyester polymer particles
have an It.V. of at least about 0.70 dL/g.

47. The method of claim 40, wherein the solid polyester polymer particles
have an It.V. of at least 0.72 dL/g.

48. The method of claim 40, wherein the solid polyester polymer particles
have an It.V. of at least 0.76 dL/g.

49. The method of claim 40, wherein the solid polyester polymer particles
have an It.V. of at least 0.80 dL/g.

50. The method of claim 40, wherein the polyester polymer particles have a
molar ratio of phosphorus atoms to titanium atoms of at least about

0.15:1.

51. The method of claim 40, wherein the catalyst deactivator comprises a
phosphorus compound present in a P:Ti mole ratio of at least 0.7:1.
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52. The method of claim 40, wherein the catalyst deactivator comprises a

phosphorus compound present in a P.Ti mole ratio of at least 1:1.

53. The method of claim 40, wherein the polyester polymer particles has a

molar ratio of phosphorus atoms to titanium atoms from 1:1 to 2.5:1.

54.The method of claim 40, wherein the AA scavenger is one or more

polyamide homopolymers or copolymers.

55. The method of claim 40, wherein the solid particles have an
acetaldehyde generation rate of 8 ppm or less.

56. The method of claim 40, wherein the article is a bottle preform.

57.The method of claim 56, wherein the bottle preform has a residual

acetaldehyde content of about 6 ppm or less.

58. The method of claim 56, wherein the bottle preform has a residual

acetaldehyde content of 3 ppm or less.

59. The method of claim 56, wherein the bottle preform further comprises

~areheat additive.

60. The method of claim 59, wherein the bottle preform further comprises
a reheat improvement temperature (RIT) of at least about 5°C while
maintaining a preform L* value of about 70 or more, and a b* value

from about minus 0.8 to about plus 2.5.

61. The method of claim 40 wherein step a) further comprising introducing
of one of more of polycarbonates or polyamides, or mixtures thereof into
the melt processing zone, in an amount up to about 50 wt % based on
the total weight of the molten polyester composition.
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62. The method of claim 40 wherein step a) further comprising introducing
of a PCR into the melt processing zone, in an amount up to about 50 wt

% based on the total weight of the molten polyester composition.
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