HIGH MOLECULAR WEIGHT POLYESTER POLYMERS WITH REDUCED ACETALDEHYDE
51.Field of the Invention The present invention pertains to high intrinsic viscosity polyester
polymers palygapsieixegshin the melt phase using titanium catalyst, having lpgiigesaraigfghyde
("AA"), and exhibiting low acetaldehyde generation 10rates. 2.Background Art Polyethylene
terephthalate ("PET") is used extensively in 15packaging 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 ("lh.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 20levels. When prefoyge arpipip e IMROWES GHHRISERIRY NigR PO ISHAIS REVBRI iImpact the
taste of the beverage contained in said bottles. The conventional PET production process begins with
esterification 250f predominantly terephthaffE&{Cee SGHEAL-BIGEL L 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, tif (I1) or feld pict or magnesium acetates 30or benzoates and/or other
such catalyst materials that are well known to those skilled in the art. The resulting mixture is then

subjected to polycondensation in the melt at elevated temperature, for example 285C, in the presence
of a suitable catalyst. Compdithasesesh inyentien pedandeshiab dnidesic viscasiboRRYRS sation

catalysts. 5 polymers polycondensed in the melt phase using titanium catalyst, having
low free acetaldehyde ("AA"), and exhibiting low acetaldehyde generation

10 rates.

2. Background Art

Polyethylene terephthalate (“PET”) is used extensively in
15 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
20 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
25 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

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



Following melt phase polycondensation, which generally achieves an inherent viscosity in the range of
0.5 to 0.65, the polyester is extruded, cooled, and cut into granules, which are then subjected to a

crystallizatiGppreeesspyegerein at least the exterior of the granules becomesg efysiallinfodEhis
crystallinity is necessary to prevent sintering and agglomeration in a subsequent solid state

polymerization. Crystallization and annealing take place in a fluidized bed at temperatures of, for
example 160-220C, for several hours, as discussed by WO 02/18472 A2, and U.S. Patents 4,161,571,

5,090,134, 5,114,570; and 5,410,984. 15 Solid state polymerization or "solid stating" is performed
to increase the intrinéiesgstidrgd in the getynihiefepriiogidires theasssikiadedit’taldenyde are

removed in vacuo onRy dioNREHIRIA 3R 3HE MeRiFORNLIR S Wehpiaiatarly Tut aiiopiarsgstions. 20
Solid stating has the advantage that relatively high inherent viscosities can be achieved. It has the

further advantage thift fhedPiesenae Rt Seifabie sataly slolrREPROKRAAS & SBSBnSy Hy e
removal of free acetgifighy G (¥ NN I@ R SRl SRR ARppsiderable 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; thedggswin§ et PR BEIIRbRIEIR 6P SRHIL gEsRIAIN AR P
4879896 disclosed a method for producing polyester wherein bis-(B2-hydroxyethypterephthalate or a
mixture of bis-012- FIBREEENPHSEQTIMATtBRRNGE AR B8 BiRér Bt RlvpRicEdmBXtiHESS.

polycondensed in thggyReERiRI m&sfgagrﬁﬁemmeﬂ aReAIMEhiQ IBREIED ol YRR ARGhhigh

degree of polymerization so that at least 85% of the repeating structural units of the polyester are

ethylene terephthaldRE0GHES, WheTRbAlileasitBe merRICEShsLBtRRURR bEF MRS RBRA IS ester
once the pgtycondensgl iy @it 1aneeessaHRigiPEve®t sintering and agglomeration in a

subsequent solid state polymerization. Crystallization and annealing take
place in a fluidized bed at temperatures of, for example 160-220°C, for
several hours, as discussed by WO 02/18472 A2, and U.S. Patents
4,161,571; 5,090,134; 5,114,570; and 5,410,984.

16

Solid state polymerization or “solid stating” 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.

20

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

25 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.

30



It would be desirable to eliminate solid stating, but to do so would require more extended melt-phase
polycondensation, that is, longer times at temperatures above the melting point of the polyester. With

all other pargigetpisibeing equal, the amount of free AA generated in the melieisaoi@pufacture
and the number of AA precursors made in the melt 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 20been limited to a reasonably low number (e.g., It.V. of about 0.65

dUg or less, more usually bEVASHPBASAISEesE0 AT RIRSIWSING\PRIMERICANRARISGHY the

molecular weight of fhe mvmRrEinstspliter@hthBrieeasr aavriaLirausesifo(ife formation of free
AA and AA 25precursor§ﬁhe AA precurgors which contribute to additional AA (generated upon melting

the solid polyester payshiexyetiiesephthalaiaand atdeashonedothey ibjfdnstiondting of bottle

preforms. One contributor to the.formation of fr 0 d t phase
polymerization is thé& ﬂwﬁﬁgi%‘gb?ﬁ%@mj éﬁ%eﬁﬁeﬁs erpo §r%%%;é§|n6t1gﬁv§1p@%se which becomes
more prevalgnt as thgpipgoindecatdiystitts prodasedapbige steraitiuacsighdegseldeftate
polymerization is not used to increase the molecular weight, a longer melt-phase residence time may

be necessary to proRWRRIIZRIN 8P S0t A Ieasi 8Pid 19idhe JaPrR PR SEYFIHERNINESIch can
be blown subsequerngytHg &agl,ta:.g %ﬁy@érg&mﬁi@é%ﬁi@v%awﬂg}@m.ghis

extended melt-phase exposure increases the extent of t degradation; therefore, producing PET
exclusively in the mghpisadowis congpoaind fieaddeahttdhaecoepiterepoly gster awcerfive 10during

subsequent molding is much more challenging thgn the conventional scenario where a portion of the
molecular build-up o‘&e!)@‘?ﬁ‘%{n%ﬁ %mgg%Qﬁe&a?.aR&?ge\Pviﬁpw%ﬁ&meIt-phase step which
generates iggs free AA and fewer AA precursors, conventional processes have the added advantage
of the solid-stating gas sweeping away most of 15the free AA (also described he[g{? as "resj ual AN")

. S
contained on or in the solidlb¥igEdRedrR%ifgble to ﬂmméﬁﬁ%ﬁm@i%éa &9 ¥abifzed
and/or deactivated pelyafedaoratisadimdal Fherashase o ondopaes el Ban isudngéneiR@yelting

of solid polyester pagﬁlee;;i)rze?am?gspar\%%%sésmge %r?gl?ihgoggw%ﬁhe polyester. With all other

parameters being equal, the amount of free AA generated in the melt

15 phase manufacture and the number of AA precursors made in the melt
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

20 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
25 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



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 ay@opsigaetiyating the polycondensation catalyst, therefore, redpegsié@mees 250f 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 30conversion of precursors to free AA or that a

lower level of catalyil (R8T}t RBgse WhishPesaRasEIREe AeeRtAs e - Ypetite o free AA or
that acid catalysis o%@mmrm&%@g%%g%@fémnwwwm@@@f 2 or more of the

previous 3 options occurs; however, the invention js not bound by theory. Moreover, the ease to which

catalyst 5 metals cRPIMEIZANRRIS BRiHSSDIR IRSIRARERBMRISCHIAINIRORS ARG sed
catalysts can be degpidtiaftthyatRifsnbO tith & PRHOHE dredeE S48MB|prodase intcraeBpaiands The

problem of controlling the presence of free AA and AA 1%8+recursors produced in the melt-phase

manufactur®was didVe SR peapdtedatenmals AcAPIRRIEBTEE PR MNG 628SPIPBB. This
patent proposes tha&ﬁ&émmmt?pﬁﬂr@@&ﬁe%n%ﬁq@wréqmrwpb@dmmw kesipiny the reaction

temperature during the entire polycondensation step below 280C, by using a low dosage of a highly

active titanium catal?ﬁﬂlbcf@ﬁ’rﬂitﬁ’@%@éﬁ%ﬂ%ﬂ%‘%?ﬂ?@ﬁcﬁffﬁ%?‘fmﬁéc e e exiekLiure, and
by using an excess ghymAREERtRIC eRdrefBreNsioaleRfyPETDECEISIVER/ dAtHEl Ak generation

from AA precursors produced in the melt g;ase manufacture, this patent teaches deactivating the

catalyst with a phosP@R Wi asaRRtEREHREHD ARHPTRCERRiBP RO ARRIAORIEH 0 as to

allow the cagplyst to gipimgiautbseRAetHRSIMAY N AnlEhmePerdntilsigingansifytteV.) of 0.63 dUg
and higher. Finally, the amount of the A A scavenger or binder added must be in excess so as to bind

not only the residualGMYeBtOR3) SEERHIMRE R ARMNLCE RiHhe: TAIPSUIRT Ry UFsUR PSR ver

free AA is generatedhig QREPPSRAUSTIJBSY. RAFHING SePrter INSI-prafierstaptiviierapproach of
using an acetaldehyde scavengier Is_that they are expensjve regardless of when theK are added.

Another problem of S8RRERIRSISRRFEEL L AN RNCIARPLHRH OIS CHIMERHRRAL PIASERSES portion
of the scavenger is ¢ fRecERMEEdiR@antage of the solid-stating gas sweeping away most of

15 the free AA (also described herein as "residual AA") contained on or in the

solid polyester particles.

Another contributor is inadequately stabilized and/or deactivated
polycondensation catalyst used in the melt phase which can, during the
20 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
25 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

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



acetaldehyde present in the melt phase manufacture, thereby requiring the addition of an excess
amount of scavenger to bind subsequently formed acetaldehyde. As the amount of acetaldehyde

scavenger agldedogtfigsmelt phase manufacture increases, so do costs ang¢igudeaiesueisayellow hue
imparted to the polymer by the scavenger, especially if a class of scavengers containing amine groups

is used, like low molecular weight polyamides. The presence of some acetaldehyde scavengers may
also lead to an increased concentration of black specks in the polyester particles or in the molded part.
Moreover, the effectiveness of the 10scavenger may be impaired by undergoing two heat histories

where the polyester 3HNEXSRAYIGERBIMIG RRAVGIL SR HdherMRoPRCH SRR SRFSVIRLER, high

temperature, and highvésopgitaerhdbiRingsis DA reeiidorsad s Al enRsalierhgre dheghermal
stability of some types of scavenger may be comﬁromised and maﬁ be lost due té) scaven%ﬁr

15volatility. With sorfeeRRANRR RS 2 RSB RINGRIRYIONS SAPURRS) BTAHS SRaWEYGE: they

increase as the nuMRAQEA{IGHEIS MRALHEINGEIDY HEeARC MéraELtd, Bscdeaishite whpieigstaligproduce
solid high IV_polyester polymer particles which dg not contain acetaldehyde scavengers added in the
h%%'l@}%

melt phase Yet haveBERI% (3R R dractivatsd sifiaes fremomsialitp greial Is'When fed

to a subsequent melhpiarBawed datflysts &4 beatRRECHARS P DitHIpPIeSpRAIsISTeMpONAdY a large
number of conventional polycondensation catalysts (with combinations of Sb 25catalysts and one of

Co, Zn, Mg, Mn or CRT2Xa0RI&-RRESERAIR ARRPANAAS 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. ORae pfetdeppgtepatplidine ReaseNcssehiras AéhaResMmpletion,

further reagiipn allops g ca@iRidacediRdRdAEIRYRRANA RABCRIRIMR YRR aayba yeligw hue.

The patent discloses the manufacture of polyester precursors at an It.V. of about 0.64 and 0.62 dUg,
or 0.60 dUg which whd %V%MI@QH'WW@.MEMWMd@é@&%%ﬁ@rizﬁﬂ&??@bment

notes Sthat solid stajs RGBS HRAIHEIGRROIMIST FEURA NG NATERSELIRBH ¥aRTBBAiIRA¥EHGT O

these higher levels. _ _ . o
keeping the reaction temperature during the entire polycondensation step

below 280°C, by using a low dosage of a highly active titanium catalyst to

15 limit the residence time of the polymer in the melt-phase manufacture,
and by using an excess of AA scavenger added in the melt phase
manufacture. To 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

20 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

25 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
30 manufacture is that a portion of the scavenger is consumed by the free



U.S. Patent 5,656,716 discloses use of high surface area titanium catalysts followed by addition of
triphenyl phosphate. Without the 10triphenyl phosphate, a high inherent viscosity but distinctly yellow

product wasahtainedoyyith triphenyl phosphate, less colored products wergeptgiags/dadianly at a low
inherent viscosity, thus requiring solid stating of these products with its disadvantages. 15It would be

desirable to be able to produce PET and other polyesters with an inherent viscosity suitable for
production 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 generdtaididehyds peeserhivtadneiifhaseantfacidbeshydaarinng

scavengers. It wouldfuriifiifisrrepla ey an6arit bT daAluniurenstian dimeedue sy more active
catalyst than antimony, while malntalnlr&or improving upon the AA properties of the product, with or
without solid state pSNMBerARIAIdehy nﬁﬁaam'é’\h%ﬁﬁ@?'dehyde scAYERARNRAASfovided a

simple robust procegs {Re i aéé%éwlﬁaemm%r@ggé@,ewdb%wg BhatRevibgredhst addition

of AA scavengers to the melt phase while providing a particle suitable as a feed to a subsequent melt

processing Zone for YRIRWJ B IBIRAtRAASheRRIYEIRE R the-aaavplaenLePrsialY K dhslashn and

preferably containingpgespinerseskhtal Mrgialtmhe drdapir arriEalikenoNsa sl MRoeigmethod
for the production of solid polyester polymers comprising addin? a catalyst deactivator to a polymer

melt having an It.V. BPMAEHEES. 6 RAP BRIBESLR SPRE delyiesrRVenIpELMAAIFC

subsequently solidifying thedneHdRéa el tBABETIRItIRMET BIaK Upaske iRl Bekey which do not
contain added organic acetaldehyde scavengers. 10Alternatively, the inventive polyester polymer may

be solidified and theRa{tiHRs QR 0&0oMed madddMareonss s BEeGtuRPeRS,IhtRRich the solid
polyester ig gemelted ajarper deay e5é amplarebyaihtiiegbmyrantlad aakia drelowheretiaided

sheet) polyester is molten, especially when one of the heat histories is under
high vacuum, high temperature, and high viscosity conditions (as in the
melt phase polycondensation) where the thermal stability of some types of
scavenger may be compromised and may be lost due to scavenger

15 volatility. With some scavengers, the amount of yellow color imparted by
the scavenger may increase as the number of melt heat histories
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

20 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

25 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

30 polycondensation reaction essentially reaches completion, further reaction



15Because titanium is highly active in catalyzing PET compositions compared to analogous antimony
catalyzed PET compositions, lower polycondensation temperatures and/or shorter residence times are

required to EHiLNR/1RessaMe It.V. As a result of the milder polymerization canrgifignsan @atalyst
deactivation, the titanium catalyzed PET 20compositions 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 25wherein the titanium catalyzed
polyester polymer particles exhibiting reduced levels of free AA are introduced into a vessel at a

temperature within 23S hei1edielvst o segrads the pRYBEp A EMigssidlderde 2P/ Ang a gas

through at least a pasEfpwhiie, PRAEISASH: aReIvEES iRtk HTRtedraastiples dat hreyeassikhaving
a further reduced 30amount of free AA. This process of AA S'[rlc%?%lé] is directed to removing the free

AA and does not afféé@aRAtnYe Qi RBRAUHL PR 20002 sider 4l kG Rieh, W IneTepRStssing
into finished artcles ggh as/nisEIQ DI ela BRleBRAMEISH fime piauiastale use o

titanium to catalyze Eolycon_densation followed by late addition of a catalyst 5deactivator yields a PET

compositionexhibititgasAlidsate: pomerzatian ierhaigyesA68 Heefultainsrsasedhedb\beT

made with a similar @i pBResteraértHEsERg REnigN@Ry the conversion of the AA precursors to
free AA during the subsequent melt processing. 10There is also provided a method for the production

of solid polyester polymer particles comprising: a) polycondensing a molten polyester polymer

composition in the presence)Q SRS BBB TG JistRALECOsPEPHIgh SaaceIEATIRRILM

species; b) adding a catalyst deactivator compound to the molten polyester polymer composition,

preferably a phosph6at8l¥stidpilayedhyadditianef triphenyl phosphate. Without the
10 triphenyl phosphate, a high inherent viscosity but distinctly yellow product

was obtained. With triphenyl phosphate, less colored products were
obtained, but only at a low inherent viscosity, thus requiring solid stating

of these products with its disadvantages.

15 It would be desirable to be able to produce PET and other
polyesters with an inherent viscosity suitable for production 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

20 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.

25
3. Summary Of The Invention
There is now provided a simple robust process for making a high IV
30 polyester polymer in the melt phase without the addition of AA scavengers



c) after reaching an It.V. of 0.69 dUg or more, solidifying the molten 20 polyester polymer composition
into solid polyester polymer particles which do not contain added organic acetaldehyde scavengers;

and d) keeusisidagsgmount of residual acetaldehyde in the solid particiesi@ e éeysb&fs30 ppm or
less in the solid state without 25increasing the It.V. of the particles by more than 0.03 dug; 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 cuttingﬂthe molten polyester polymer

composition into saitPdbRipaltiehaseWhisrioriding.a peftic'ssriabiR R adrediidRr composition
has risen.to at least §./p Mt PRl pRseBEBiRgRiR: b EAdRPICPreflyeR eiaRMyaer melt, if any, is at

least partially released,; or (iv) following at least 75% of the polycondensation time; or (v) within +/-

0.10 dUg, of the It.vaseRRtakie AerptagRmes svebiothq Arplisatinmand WQ@@EMBWH&HQ melt.
10  There is also geujstagia resiasd facdbadenputafirn@bppiRassANsS ipeViaktniegucing solid

polyester poéymer p?rr]t(ia(t;#_.eosd ?&vtirr]lg: i i . )
production of solid polyester polymers comprising adding a
catalyst deactivator to a polymer melt having an It.V. of at least 0.69 dL/g,
preferably a phosphorus containing compound; and subsequently
solidifying the melt into solid polyester polymer particles or molded articles
which do not contain added organic acetaldehyde scavengers.
10 Alternatively, the inventive polyester polymer may be solidified and the

catalyst deactivatior may be added during a subsequent step in which the
solid polyester is remelted to form a desired article (e.g., an injection

molded bottle preform or extruded sheet.)

16 Because titanium is highly active in catalyzing PET compositions
compared to analogous antimony 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

20 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
25 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
30 amount of free AA. This process of AA stripping is directed to removing



(i) an It.V. of at least 0.72 dUg obtained by melt phase 15polymerization, (ii) 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 lessy 2004/YadRgidues of a polycondensation catalyst composition g¢RI¥ISHE finium
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 25molten polyester polymer composition; and
(b) forming an article comprising a sheet, strand, fiber, or a molded part from the molten polymer

composition. THas RS A 24 9@3&\?&@’3&@%8!@@%@?@%%@ ArReRRiieliPRse while

avoiding the additioygfiRgpanissaceietiehedprserssiag mte finghed BRasiesdlieh aeinjaaivive and
contribute to the formation of color bodies and/or black specks. Instead of controlling the 5formation of

acetaldehyde in the FRIASH AR RRIFREFO5PXHHARC IS hlqWaNES. dha HRG & SHADMMBILY the
It.V. to a low level, pghtaniee pRIEEhdehdash RiRsWeethy e Beditkhast Meaeieture to have a low

acetaldehyde generation rate while the free AA formed.in the melt phase manufacture is reduced in

the solid paricles wiifARt¥RIRL¥IRIIHR o siempasition sediRiingRB0u 20 RETRERAOWE] more

than 0.03 dUg. The pigfgererafiftrastesarsn antitopydelRayed FET ghdé Wikhiagiedanr melt
phase manufacture without acetaldehyde scavengers and which are suitable as a feed to a

subsequent melt prd¥¥SSaEUBRLITACNR SR¥BHNEUZ Bt e, ARVETSINA AL M erably, such
solid polyester 15popragtilaiécieTreavma aarihy théaiupsehidr ehédt prooessiolky state

10 There is also provided a method for the production of solid polyester

polymer particles comprising:

a) polycondensing a molten polyester polymer composition in the

presence of a polycondensation catalyst composition comprising
15 titanium species;

b) adding a catalyst deactivator compound to the molten polyester
polymer composition, preferably a phosphorus containing
compound; and

c) after reaching an It.V. of 0.69 dL/g or more, solidifying the molten

20 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

25 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



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. 20In another aspect,

other achieyggle,aglyapytages employ a robust and simple process which allpws @8 ddigoEiggsibility 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 25titanium-containing catalysts which can produce
polymer compositions suitable to make articles having less catalyst particulates and hence, increased

clarity and decreased crystalliSHi#igthesnelignrovertgbpelymesemRnesiion-inipcaihscligceptable
yellowness (low b* color). 30 ¥4R;£8@8d50350PCT/US2008/006163 4.Detailed Description Of The
Invention The present invention may be understood more readily by reference to the following
detailed description of the if)@kgsihe It.V. phihs:mritencnalyesterp BaGMPRSHRARSton and
the appended claims, the singydanf@snas idast @5 aNdy;tee" include plural referents unless the context
clearly dictates otherwise. For example, reference to processing or making a "polymer," a "preform,"
"article,” 10"8ontainer,” or "GBtu¥esumR pRed facthednpiien RA¥EHIS LPANKRBG BEY. dfaaNyiBf
polymers, preforms, articles, cantsiReisaptidaRfitefeddigrepces to a composition containing “an”
ingredient or "a" polymer is intended to include other irégredients or other polymers, respectively, in

addition to the one named. 1% folloging @hisashi0dr ot shearphpandentatirg tipeisheant that at

least _the named Compoundmlemmiﬁ PATHCAD GU@,eéWﬁeSIﬁW.eé(thiHéﬁtlﬁ)BW%nBiﬂé@ﬁdﬁ@'ﬁposition
or article or method, but does not exclude the presence of other compounds, catalysts, materials,

particles, method 20steps, &8, VathiR Qi Dripreaqlisifying thaanalt: particles, method steps
etc. have thg 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 )
There is also provided a method for the manufacture of articles

comprising:
(a) introducing solid polyester polymer particles, having:
(i) anItV. of at least 0.72 dL/g obtained by melt phase

15 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
20 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

25 molten polyester polymer composition; and

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

part from the molten polymer composition.

10



25steps 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 Ri@F&fR/$L8ES IS @ convenient means for identifying discrete actiyiipg &ostapgiand unless
otherwise specified, recited process steps can be arranged in any 30sequence. Expressing a

range includes all integers and fractions thereof within the range. Expressing a temperature or a
temperature range in a process, or of a reaction mixture, or of a melt or applied to a melt, or of a
Spolymer or applied to a polymer means in all cases that the limitation is satisfied if either the applied

temperature, the actual temgi@dRYYOmbasdbe adygnrtasePhmaking igh! Y RRIRE R B8 ture or

within the specified {aaagH&SR/ Wit siameiePERRAREN A dratiidasstaRr Ry mer” is meant
that a polyester polymer polycondensed to an I.V. or about 0.69 dUg or morewithout subjecting the

polymer to an increE2YERONTY 1o thasnelh Brass yYhighAs RansieRE SBBRYE RS mer in a
shipping container (fst¢kafibip oFeylIerbbaied AkdoctradOspBER S STfedRCEITes Ak dNmhpahener to a

customer converting the polymer to an article, or prior to melting the polymer to form a finished

product.  OThe invigiTeatienel aestaldetyse iy the meltrhrsednaniastiieshy: MIRLARarticles

comprising: 20a) polyseffl@aniieasBRIERTHBP P FERILRMY RS TOVRSSHIRIW NN B Rrixteof a
polycondensation catalyst composition comErising titanium species; bgﬁddinig catalys

deactivator compouR@MNEE $RYASRFRD SAMEBIBIRIRSS FBRRVARANIES IR
containing 25compogpéifdefigdsanshératihltate AURIBS N B8 MmArfratddifiitgcthvcmpeisgolyester
polymer composition into solid polyester polymer particles which do not contain agdded acetaldehyde
scavengers; and  manufacture is reduced in the solid particles without increasing the
10 molecular weight such that the 1t.V. is increase by more than 0.03 dL/g.
The preferred process provides solid particles having a high It.V. obtained
in melt phase manufacture without acetaldehyde 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
15 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.

20 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

25 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).

30
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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 It.V. of the particles by more than 0.03 dUg; wherein the catalyst
deactivator Gayyesinshis@dded to the molten Spolyester polymer compositipgyifi gk @lsene or
more of the following points: (i) within a final reactor for polycondensing the molten polyester polymer
or between said final reactor and before a cutter for cuffing the molten polyester polymer composition
into said solid 10particles; or (ii) after the It.V. of the molten polyester polymer composition has risen to
at least 0.5 dUg, or to at least 0.6 dUg, or to at least 0.68 dUg, or to at least 0.72 dl/g, or to at least

41 0 soetailed Uesgriptien f Iheilnvention 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 20time starting frM PFBSERE IPYSRLARNa% RN YodrEsiRAs THQﬁ%éezﬁqA%ﬁiEM
polycondensation is fgfEkIRad @ i RINGIAHEFaLEsl € aés eREIBR G TRE WBAKSH of measuring time,
when the polymer melt exits the final reactor and the vacuum Is released, the final It.V. is obtained
even thoughvit is recognized that a very 25minor It.V. lift or break may occur between the final reactor

and cutter. Or (v) within +/- @ fadstch186 WEMB LY L LYENA PHe3spegifialBhia Al dug, of the

It.V. obtained upon solidification; or . (vi) within 30 minutes or within 20 minutes or within 10
minutes or 30within SRRFREST FaiMantheRingeapiasrassRiditaRgand g’ includephyalester

polymer" of this invepstardatanihiB8EHREIasHEaRP kRHAY RRYAIES RALKFSS thesmerRksifepolymers of

the invention are distinguishable from liquid crystal polymers and thermosetting polymers in
reference to processing or making a “polymer,” a "preform," "article,"

10 "container," or "bottle" is intended to include the processing or making of a
plurality of polymers, preforms, articles, containers or bottles. References
to a composition containing "an" ingredient or "a" polymer is intended to
include other ingredients or other polymers, respectively, in addition to the
one named.

15

By "comprising” or "containing" 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

20 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
25 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

30 sequence.
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5that thermoplastic polymers have no appreciable ordered structure while in the liquid (melt) phase,
they can be remelted and reshaped into a molded article, and liquid crystal polymers and
thermosettiRggpalygngissare unsuitable for the intended applications such apeagkagiR@sigiretching in
a mold to make a container. 10 The polyester polymer is desirably a random polymer such that the
monomer units in the polymer chain are randomly arranged rather than arranged in a block fashion.
15The 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 trinnethylene terephthalate. In one aspect, are polyester

polymers which comprise: pQs} adirRy RoranigeafelGaBw anencgrP Hatdratiras fifbragie% of the

residues of terephthalic acid, derivatives of terephthalic acid, naphthalene-2,6-dicarboxylic acid,

derivatives of naphtMAIBIREtPESTARSRL FIREERSHN DA IFRARRIStHES QSrademps aER FBRdSO LAt
comprising at least 80Jpaia’ipidhs reaistiss maaleehyieoe 8t oF agnriretdial hesedrast 400 mole

percent of dicarboxylic acid component residues and 100 mole percent of diol component residues in

the polyeste? polym@plymer or applied o SRRIXMR! HeANS IpAaasrhthal miinmitatot Smade
30by reacting a diol gattiad HRWesLtal SPpHEd tediirshsiiric eichat Blacfrirepsidrerditiel -C4
dialkyl ester to produce an ester monomer and/or oligomers, which are then polycondensed to
produce the polyestBieiiBrPei¥mBhLERatbarR Athaisrrrtied irirprraiute SoudNdNGerivative(s)
thereof can be reac By 'ocess. All the compounds that enter 5the process containing
dicarboxylic acid group(s) or derivative(s) thereof that become part of said polyester product comprise
the "dicarboxylic acid component.” The mole % of all the compounds containing dicarboxylic acid

group(s) oxderivative(s) thesgofibatpiade Bifyopresesaudia tmaRPphbe 'saRdpes/raeopound(s)
containing dicarboxylic acid groups or 10derivatives thereof that are in the sajd pol)()ester pr8duct
refers to the meant that a polyester polymer polycondensed to an I.V. or about 0.6
dL/g or morewithout subjecting the polymer to an increase in its It.V. by
more 0.03 dL/g in the solid state prior to shipping the polymer in a
shipping container (truck, ship, Gaylord box, railcar, etc) from the
15 manufacturer of the polymer to a customer converting the polymer to an

article, or prior to melting the polymer to 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



portion of said compound(s) which remains in the said polyester product after said compound(s) is
condensed with a compound(s) containing diol groups and further polycondensed to form polyester

Polymer chgjs@h/asysag length. 15 More than one compound containipgie680s &
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 20the 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 8éreaucngitheamelntiaidssidyalrertaddebyirtdre fRlittt refers to the

portion of said compound(s) V3igcIes RIS IBVERKE ROIPREHIIEKE IR MEes AikpatateanpPrRIRd(S) is
condensed with a compound(s) containin dicarboxgl'ic acid group(s) or derivativ&gs) thereof and
@ftlé .

further polycondensed to fornl558R%RS gy it¥r ehihrrarticiRaty By than 0.03 di{gimoless of the
diol residues and dicapepeHierReichiaR/dN R AR BRI REFPBIRICR HRISE R MBefdNeAroton NMR. A

suitable solvent system for proton NMR is 70% deuteriated chloroform and 30% deuteriated
trifluoroacet® acid, IRPHSISIRE PAIYRELSRRRORILINSIRR B R AIeBHPREE LTSNS tollamingxyiic
acid component conyigtgg, for example, at least 80 mole%, at least 90 mole%, or at least 92 mole%,
or at least 96 mole% of the residues of terephthalic acid, derivatives of terephthalic acid,

naphthalene-2,6-dicarboxykB ¥éthiniarfingleastordon palkcrnrdensingr s meltrip ol rii&ires

thereof, and 10 (b) a diol confpgpaidcenbEtaesnfearRxaR ReRitthashdbetele’a alteasbP0 mole%,
or at least 92 mole%, or at least 96 mole % of the residues of ethylene glycql, based on 100 mole

percent of the dicarboxylic acBUHRSHEIRAMULER ROYESIP HOWIRF FaTPasHeRdUR St HRlknt

residues inqigpe polyester particles; or
(i) after the I1t.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 di/g, or to at
least 0.80 dL/g; or
15 (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
20 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
25 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

30 within 5 minutes or within 3 minutes before solidifying the melt.
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15polymer. 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 largg o2& eRsseof the diol component if desired (e.g., on the ordeppfirkiiki90sR0sisgle%o
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. 25Derivatives of terephthalic acid and naphthalane dicarboxylic acid may include, for
example, C1 - C4 dialkylterephthalates and Ci - C4 dialkylnaphthalates, such as dimethylterephthalate
and dimethylnaphthalate. The polyester polymers of the invention may be modified by adding a

comonomer(s) to the melt memﬁiwwﬂr&&ﬁi&ﬁm%Safn;lm&r%fﬁgatnf\ amount, for .
example, of up to about 40 mole%, or up_to about 20 mole%, or up to about 10 mole%, or up to about

8 mole%, or up Sto RVYRRARIVNS: PRIYSSERBRIMNastic R MRIR &, thedPMerien a6’ %, or
at least 7 mole %, otst|Agaigh Mo IRJURREHAIANSIR) MO IRPHE oM ghasigeherstiie 100

mole percent of their respective component, carboxylic acid or hydroxyl in the polymer. The amount of

the comonomer addiRbiEBCRIAsRPRYITRRER NG e ARYESRPH erdered miURIWRNRIShomer
added to the polyesqﬁrtﬁ@yq\gaqmygiw,gg@qi{h@yi@aﬁwl,@gém Hir@rearsedahky-Rroducts

formed in the melt phase polymerization process. In addition to a dicarboxylic acid component of

terephthalic acid, 15MdetardclerandHianid Sy stalprhinrels-and dhermasaitinginoERg Bives of
naphthalene-2,6-dicaraaxyigiestie f6rhdurenderabphe-lisnsraxrHcarcrherRayIAg VM (S) of the

present polyester may include one or more additional modifier carboxylic acid compounds, or
comonomers. Such aﬁ&i&&m RAMAIHBI8Ke 45aUFREEUNds include mono- 20carboxylic acid
compoundggdicarboxylic 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 pR&RSNEHEURRIYME IS detiablshiandem AomrERyaR hebifc acids
preferably having 8 igdrofhep IS MOME- PAR/MEPEREIR QMR ATINaHERE S palay tsarrids

include one or more of: phthalic acid, isophthalic acid, naphthalene-2,6- dicarboxylic acid,
cyclohexane-1,4-dic8FRRYRE id ROk FRSAIR iacetic acid, dipheny1-4,4'-dicarboxylic acid, succinic
acid, glutaric acid, adipic acid, azelaic acid, sebacic acid, and the like, with isophthalic acid,

15 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:

20 (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

25 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
30 by reacting a diol such as ethylene glycol with a dicarboxylic acid as the

15



30naphthalene-2,6-dicarboxylic acid, and cyclohexane-1,4-dicarboxylic acid being most preferable. It
should be understood that use of the corresponding acid anhydrides, esters, and acid chlorides of

these dicarkpuyisngeidssis included in the term "dicarboxylic acid”. It is alsogessleuiaoligarboxylic
acid compound branching agents and 5compounds with a higher number of carboxylic acid groups to

modify the polyester, along with monocarboxylic acid chain terminators. In addition to a diol

component comprising ethylene glycol, the diol component of the present polyester may include

additional modifier mono- 10ols, diols, or compounds with a higher number of hydroxryl groups as
o

comonomers. Examf5R® 8¢idifteriviodiriyhasiantr Rieriike SR sstohmRnameRBXRbly having
6 to 20 carbon atomg)yuHErliniabR didltisalprpbonauinged © PPoRibenRipoRddrRic Merdic

examples of such diols include one or more of: diethylene glycgl; 15triethylene gIP/coI;, )
1,4-cyclohexanedimtlABRISFORRRUIG captaIRg dicaiIlIo AGd -RruUR EhP HSARIY&Sliol:
3-methylpentanedioknrdof 2af e YN adiphglide: pracéds malhitiecodansodind€ltiat aiter
ethylhexanediol-(1,3); 2,2-diethyl propane-diol-(1, 3); hexanediol-(1,3);

(1,3); -
1,4-di-(hydroxyethoXPRIRIREESS; CZ?Q@'Q-'@QW&9&Hﬁ)ﬁ85®9fﬁf6§§&&rﬂ?ﬂx&twe(S) thereof
dihydroxy-1,1,3,3-tepip ekt ot iansaid polveie Nprsaxt borpnanitis-rarpabexans acid

2,2-bis-(4-hydroxypropoxyphenyl)- propane. | In.another aspect, the polyester polymer may
contain such ZSComﬁﬂmﬁeﬂse&g isﬁﬁﬁ&ﬂ@a@&frﬂbﬁﬁﬁaﬂwaﬁﬁcﬁ%gﬁ@ é’lg_é)r%gxyﬁc
cyclohexanedimethaggti gréupeshvieaeriiaenk(s) therébpthatyasian Rhly Medut Bedoigsrnt 00ention
may be blended with one or more other thermopl giiCﬁ)olzmers g%%f}bagxeﬁl carbonate 30(]_PC) and

polyamides to form d PEIyEesiqusEnal FPBIRPH taining acid groups o

10 derivatives thereof that are in the said polyester product refers to the
portion of said compound(s) which remains in the said polyester product
after said compound(s) is condensed with a compound(s) containing diol
groups and further polycondensed to form polyester polymer chains of
varying length.

15

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

20 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

25 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
30 the product(s) can be determined by proton NMR. A suitable solvent
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WO 2008/150350PCT/US2008/006163 polyester blend comprises a majority of the inventive polyester
polymers, for example, in an amount of at least 80 wt.%, or at least 95 wt.%, or 100 wt.%, based on

the weight gy @lhthgrEnglastic polymers (excluding fillers, inorganic compoysiids:paikieiess fibers,
impact modifiers, or other 5polymers which may form a discontinuous phase). In another aspect, the

polyester blends do not contain any fillers, fibers, or impact modifiers or other polymers which form a
discontinuous phase. In another aspect, the polyester polymers of the present invention 10may be
blended with post-consumer recycled polyester [(Jéolymer (PCR) in an amount, for example, less than

about 60 wt%, or leSytamforportas i%f 0% Wevtenatessaniaroferm: 3pda?9%ss than 5 wt.%, or

in the absence of P@R,kanssd @irificoidiataridtiaf B pelyasier in the blend. In another aspect, the
blend contains PCR, for example, present in an 15amount greater than zero and up to 60 wt.%, or up

to 40 wt.%, or up to 20 wt%, or up to 10 wt.%, based on the total weight of the blend. Polyester
melt phase manufacturing pQgee SRpEEIZALIBRRREEE HefyRibresspigtgaiers of the present

invention include direct 20condensation of a dicarboxylic acid with the diol, optionally in the presence

of esterificafon catalysts, if@h@ Siganpexylis 3eIHLMBARRNE YD SN fQE X3 MRIG: BtdeRNmer

and finishing zones in the presgnGREIE%PAYRUMITTE AR RAIBIYAL RABPIS HMISHBF N A8 NIUM
species; or ester exchange usually in the presence of a transesterification catalyst 25in the ester

exchange zone, followed by pré iRl atitedegidnesinhisrenbihlicacid o8 HERIVER Rinsation

catalyst composition comprising {28 ARIiSRR&HE SndhistRadrN2 B decstixpie eradsdemvaaias
semi-batch, or 30continuous mode. Preferably, the process of the inventign is continuous. In the

process of the invention, polyeSfdiaRihaiene 2 Srdigarhanisi it mbdisrttemRRINGM8rming a
polyester pplymer melt in thg)psesiened@badHErtioBhsBRY Ter 2RapRCEPIeadtBU Marasts are fed
to an esterification reaction
at least 90 mole%, or at least 92 mole%, or at least 96 mole %
of the residues of ethylene glycol,
based on 100 mole percent of the dicarboxylic acid component residues
and 100 mole percent of the diol component residues in the polyester

15 polymer.

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

20 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.

25 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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vessel where the first stage of the melt phase process is conducted. The esterification process
proceeds by direct esterification or by ester exchange reactions, also known as transesterification. In

the second gfgardiikigdmelt phase process, the oligomer mixture formed dpgipa;s2ehestRigication is
polycondensed to form a melt of polyester polymer. The molecular weight of the melt continues to be

increased in the melt phase process to the desired It.V. To further illustrate, a mixture of one or more
dicarboxylic acids, 15preferably aromatic dicarboxylic acids, or ester forming derivatives thereof, and
one or more diols are continuously fed to an esterification reactor operated at a temperature of

between about 200C and 3H0RPalEstes BRIYIRE STEBRVBYE IR MaYSRS MRaditied By R4 The
residence time of thg RARBEREMROAY ﬁ@&?éltfcr?lﬁ'éé@ aheationprebeard Dmhenemalarmally,
iol(s)

the dicarboxylic acid(s) is directly esterified with at elevated pressure and at a temperature of

|
about 240C to aboufiIBsee PHRSESIFRMRI e RtigxaRiRRlLA thaPavtARiapriese YrRdo
25conversion of, foraxaiMRIe nRbIe% i0lp agbirierh MEIEWR PR abslit 8asiesR! 8pigs group

conversion of at least 85% is achieved to make the desired oligomeric mixture (or otherwise also

known as the "BHEmér")%%’réﬁcﬂb‘?ﬁ?h?aﬂp{ﬁ%oWd(ﬁh@ﬁ,shﬂx’["u%elsé’tﬁ@él'??rﬂ(,%talyzed

in direct esterificatiop plegRseata8dstataNERIY PSF R @RISR BreseRast N® BB, or
containing catalyst may optionally be added in the esterification zone alon%yjth raw materials;
i

however, activity of #ldeashil 3o 4y bases_adbR ) moefersent A raRRaGHY 1 titanium
catalyst used. TypicgbafRn@rthealso %R R ViR R drewy RiTtheNsdly AR HSThé AN Aie beeBange

reaction 5between a dialkylterephthalate and a diol may be, for example, titanium alkoxides, tin () or

(IV) esters, zinc conf¥UARCEERIARACERIRSERtR iR ROMESIRh RAWAE S I RaseHh ARdhSe se
acetates o) genzoatgaAOs BRI SHIMERERNGE ¢ toNPRUPEIFRISH pisIgheinekeRidingombination with

each other. Any other catalyst materials well known to those skilled 10in the art are suitgble. In one

aspect, the ester exMRRAHEILARTESWHNG FaM{NARrBRIALRRIS OYRIRAYCISFRTORAN theRelt
resulting oligomeric pHxs&H MR iZation prissdisation zone (which includes direct esterification and

ester exchange processes)
In addition to a dicarboxylic acid component of terephthalic acid,

15 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-

20 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

25 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,

30 naphthalene-2,6-dicarboxylic acid, and cyclohexane-1,4-dicarboxylic acid
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15includes bis(2-hydroxyethyl)terephthalate (also known as "BHET monomer), low molecular weight
oligomers, DEG, and trace amounts of condensation by-product (e.g., water or methanol) not removed

in the esteri{jc@tiowsgensoalong with other trace impurities from the raw matggiplsaneiabqaessibly
formed by catalyzed side reactions, and other 20optionally 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 25quantity oPBIREMRBRISErahiaiohshesidbeundesstRridhiatpaeiof te& ndensation

by-product is removed asdhsrifiFryileriian Roariiis PetsRIRHHUERT ¢RIBHdR&6f Baedirium toward
the desired products. The esterification zone typically produces the BHET. monomer and oligomer

species, if any, contiGatRexHlie agidsdpinsludadipibedssprdicammmitacidhe BiSESMonomer

and oligomer SpeCieﬁdaém&mﬁ@éi‘bdﬁﬁ%‘%F@B%Wrﬂﬂ%ﬁﬁdﬁiﬁ@%@éﬁl@r@rﬂamh reactors. Itis
understood, however, that in a process for making PEN, the reaction mjxture will contain the

monomeric Species SRMPAMRASWEhahigBenaHmReRLel sAPRXIS RALISTIHBBIR IR Rehis

stage, the It.V. is Supepisher, ARy ARerRbFoleabBigNddbid kA areiagnrisawire of polymerization of
the molten oligomeric mixture is typically less than 15, and often less than 7.0. Once the oligomeric

mixture is made to the desired percent 10conversion of the acid or ester groups, it is transported from

the esterification zone or regciy8itRH R RPYIBP RORSSHEAt ZYIRpiSA§ETHYRMEGIPESIOtHeediol
polycondensation reaction is generally marked by either a higher actual operating temperature than

the operating tempeFRURAIRGAEAReiRreaSAL RN EstS Maknfude ARAItIRALRRA e 5 RRARAred to
the esterifiqgfion zongs OfiMh ol e GAESSWitIE P RlYeRIIRIABEP bf eREiORYPJRRIIehBY higher

actual operating temperatures and lower (usuaéI?/ sub-atmospheric) pressures than the actual
|

operating temperatuFRANPRE r AP eSS RQRHIRL SIreXi CoMBRIRIRINRILAS reactions

occur at temperatures,sfsslipdtiididia beefetably ABYiRGE 00 eamdhaitbamPBAtfopressure of
between about 350 mmHg to 0.2 mm Hg. The residence time of the reactants fypically ranges from
ﬁ?&ﬁ%‘bf glycols

between about 2 to ABNEEHIINS RrefsIaRly bR SiRATEAROR AmSinddnte,
are evolved by the cgrggipiat Bt LB RBEPININIGLEIRS BPasHe dftdikbtnyieie goatte of

15 triethylene glycol; 1,4-cyclohexanedimethanol; propane-1,3-diol; butane-
1,4-diol; pentane-1,5-diol; hexane-1,6-diol; 3-methylpentanediol- (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;

20 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
25 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
30 (PC) and polyamides to form a polyester blend. In one aspect, the
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25molecular 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. Polycqrslensatigssgeactions are initiated 30and continued in the melt pEasR3I008/006163
prepolymerization zone and finished in the melt phase in a finishing zone, after which the melt is
solidified to form the polyester polymer melt phase product, generally in the form of chips, pellets, or
any other shape. 5SEach zone may comprise a series of one or more distinct reaction vessels operating
at different conditions, or the zones may be combined into one reaction vessel using one or more

sub-stages operatinB Y 8RHEFRIERGRABRESAS A MALTLY Althe inveativR RRSSIRHECKRRI®an

involve the use of ongrasARTBIES AT IQRSARBIAEEGRNEALOBEIWIONS 6F A01BasR 981Eh. 95astorepor even
one or more reaction steps or sub-stages performed in a single reactor vessel. The residence time of

the melt in the finishMg2oR@sehtie eialRi @l RILthreoPiRstinneMRIDIEXSIYRIBaANIRIS zone is

not limited. For exanidegdhrROBMiSSGHISISH Sadidles IBBERLY epEelinbafadesresaels the first half
of 15polycondensation in terms of reaction time, while the finishing zone represents the second half of

polycondensation. RAMMEES WL IRY fsRidiscortinueysRRARE: dBrRrethaierRRMnlSone to
the prepolymerizatioforpesiét Blepidsedb Pidt 'edRtain el érs OfiarYy) gisimstenraetifes be

prepolymerization zone and the finishing zone in 20many designs is that the latter zone frequently
operates at a higherAf1RpBRINTRSEWRICH IPh AdiSFRAIRMOYR RIMRS&ting 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 25a series adhERYPEBIRREL LS RRI¥ESIRS RAYMSHR AIhFPsrRRILIVEBER holymer.
In the prepptymerizatigry BenBletige knawposhednduRier 26dheiderpBREster pRilyelqrOmR)agular
weight BHET monomers and

an amount, for example, less than about 60 wt%, or less than 40 wt%, or

less than 20 wt.%, or less than 10 wt.%, or less than 5 wt.%, or in the

absence of PCR, based on the total weight of all polyester in the blend. In

another aspect, the blend contains PCR, for example, present in an

15 amount greater than zero and up to 60 wt.%, or up to 40 wt.%, or up to 20

wt%, or up to 10 wt.%, based on the total weight of the biend.

Polyester melt phase manufacturing processes utilized to prepare

the polyester polymers of the present invention include direct

20 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

25 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

30 continuous mode. Preferably, the process of the invention is continuous.
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oligomers in the oligomeric mixture are polymerized via polycondensation to form polyethylene
terephthalate polyester (or PEN polyester) in the presence of a titanium-containing catalyst. The

catalyst corpgsi§irn &aEerising Ti species may be added in the esterificatigg-p{,3RRY/EMIgENSation
zones, such as immediately prior to initiating polycondensation, during polycondensation, or to the

esterification zone prior to initiating esterification or ester exchange or during or upon completion of the
esterification or ester exchange reaction. If the titanium containing catalyst is added to the
esterification zone, it is typically 10blended with the diol(s) and fed into an esterification reactor(s)

and/or into a paste tHhiheopraraas affhsdnventiennrelyesierralyngrs A Made N e@iL first
esterification reactof hagelYais@idt\ebiapFRIhB RSPRMdP PR IFKERT Polpmar rrapgntrR that other

catalyst material and points of adding the catalyst material and other ingredients such as phosphorus
15compounds vary RERSeNGRiehPIHaR WBEOMRAMAGrocess.  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 20after esterification and before

or at the initftion of or dURRYBISEAFEEHESAITICAriaRAER ded deramesteificrtioniBBaHaTs) may be
added between esteyiigadiopiite by AritdRagationtre PaEl phieRbcessansatiaiciegh IHeo a

prepolymerization step (the first stage of polycondensatign) to catalyze the reaction between the

monomers and 25b&HEEAGALIBPIABRSSRIPRRRSIS BY stifRet eslriiicatier PERYESERES to build
molecular weight angygipimietiie4alas 28ISONNWE LS. tHeihsclionifitatiempeLie \Slldemdess

catalytically active after being present during esterlfication, it is added preferably to a direct

esterification procesg!agR PtrRe Rl Rhass Bracesss the Qligomer sridyes Sarmed du5hgys, more

preferably ydien the Zétepifivatipni® pbigcstid emsbaredrsrin atmeRsoB5ystdmponym@Terphe when
the % conversion of the acid end groups from esterification is at least 93%. In another aspect, a

titanium compound E'QlRFHRLWRISHI RS he BRlkeRBtINESIP HRINGSRASIEAR B S&HHRRASK or to a

polyester melt, for exaselss 16 the RN the It.V. of the melt reaches about 0.3 dUg, or no later
than when the It.V. of the melt reaches about 0.2 dUg, or no later than when the It.V. of the melt
reaches about 0.1 dUg, or to the oligomer mixture exiting the esterification zone, or prior to

commencing or 10at the starh gfRAVEMEERtIaMmixture of one or more dicarboxylic acids,
15 preferably aromatic dicarboxylic acids, or ester forming derivatives
thereof, and one or more diols are continuously 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
20 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
25 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

30 ester exchange processes. The titanium containing catalyst may
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Other compounds such as cobalt compound and colorants may also be added in the
prepolymerization zone. These compounds may, however, be added in the finishing zone instead of or

in addition tgyihe.dpegsglymerization zone and esterification zone. Prefgrakl¥adhgolikapium
catalyst exhibits in the absence of phosphorus compounds at least the same rate of polycondensation

as is achieved using antimony triacetate or antimony trioxide in conventional 20amounts and at the
same temperature, and more preferably exhibits a considerably greater rate of polycondensation in the

absence of phosphoru or ex le te from 10 to 50 times er than antimony
tincetate or antmor§PIRIAY HREHE R B FE OB AR AR (RN P AR te
Wel%h'g of the prc]JIymﬁg&@;ﬂu&q&MﬁEgﬁth@@dﬁ@y@h&;gpbwmmyrm;@e m@;zlib@elz@smder Slm”irl
conditions in shorter time than in an antimon ze ensatjo ile also u muc ess
catalyst. Alternativel§® AR #ﬁg Qﬁ K’ss? ﬁ?éjs alé\é‘?’l galss ﬁB?ﬁ‘ﬁ

compounds at least dwmmmhmaddﬁmtmnmahtamestattégsmgeamm using
antimony 3 rlacetai? (ﬁ\gantlm éiﬁ’( ide IHEE ventlonalnaJ i)untsesmd at hlgher terg%eratures A
polyester of‘suitabl fRER&T 9@ f%%?rp 68%888 aritier MY ofrqalﬁ % SiAE Ame to an
antimony catalyzed ammm'ekartsa(kbm:r(m bstelxrznndivoppumdicsilsh Zriogoutateless catalyst. 5
Titanium catalysts include, i %%neral '[I'[anéJ é}E\Q com ounds such a Ikode%r\g%/colates
acetates, oxalates, éﬁ?w &%k?ﬂ’dﬁ? 88 Iﬁ'fe mﬁr@ a‘ﬁg/ ?é Fitanium
alkoxides include, fcmmpthea@emtaatawgp(ybn’cpoamseéammwbim@tﬁtﬁ Iveodtsiiatiobutyl
titanate. Especially sujtable tjta umc mater |ncIu ro anate a
tetralsoprc;‘c;éI (tltanal‘gd ml?l;}j g é)gs !\Wﬁ%% %%MT%%"{% g@ﬁﬁﬁbﬁg'ﬁed |
commerci e.g., imdke emmkl yznr tispattstire s ranmhahgldréitestiom compounds
which serve as hetero%c ae% ca sts are alsogH bsuitable, including those disclosed in U.S. Patent

5,656,716, mcorpor:ﬁ% PJ%?%%CGI'R F@H\'%cﬁf SR AYGrated oxides may become

solubilized during the course of the polymerization, for example by connplexation and/or reaction with
the glycol component. If catglysts re'ﬁaln |?soluble at leas part i{? tIVTl$/ ould be a
concern, as 20would haze 2&%1(@?8 HR/)" %%B%QE@E ?(5';5 8 lﬁglﬁ?nﬁlose
catalysts which are sswmdle miclod esitsiet off ésterifarition ahd &@tmuexcamigstzpmapsms)troduced into
the reactiopdn any g e D Ry ARl TiBS oohih g e the

monomer"), low molecular weight oligomers, DEG, and trace amounts 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

20 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

25 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.

30 Alternately, the BHET monomer and oligomer species in the oligomeric
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catalyst in ethylene glycol may be used, for example, as may be a 25solution or slurry of the catalyst in
an oligomer mixture. The catalyst may also be added alone, and distributed by agitation (i.e., by

mechanical wWix¥esasissse of a static mixer.) The molten polyester ppéyiighindalyendensed in
the presence of a polycondensation catalyst composition comprising a titanium species. When

referencing "titanium,” or any other inorganic catalyst, the titanium or other inorganic catalyst atom is
present in any oxidation state. When 5Sreferencing "elemental titanium" or any other inorganic catalyst
in its elemental state, the oxidation state is zero. X-ray fluorescence XRFénis the analytical

technique used to rdPeAYESRNIdRRRTRANGHHIE OBR PEMRIERBIEBIERSH/ENtBIS the XRF

10technique is referigshisr s ot RREREENES I d pAsiealtioiinakiig REINS theafteniterby the
oxidation state of an inorganic_—contain,ing species; therefore, it can n% iﬁgrrrentiatﬁ l&eé\;veen different
oxidation states. Théni&ts Wil captam ﬁﬁ'ﬁ?%%@ﬁﬂ?iﬁ?ﬁ?'ﬁﬁ?’ﬁa YA DYERUY-€i8re. Measured

titanium levels in thenp@hiftsditarane Mer eshass gnamgwigoniéfd atnasisnsiage birel Inithe weight
of the polyester polymer, and not in terms of Iev.elfsgfam%tit n%un;_comgounds added. In{one aspect,

the amount Bf titani WS LMY PQt IDBBFUIRRIS O S B %1 ANPLA9ELEAES 9F least 6 ppm

based on the weightg¥i{peapRieste bPMHEMRGItenoRjbened aiktie argpioftiessutmais, 1oy
example, less than about ’510 2 gmyé%rgl ss than 30 ppm, or less than 20 ppm, or 15 ppm or less, or
I

13 ppm or less, or 16% S 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 25
another aspect, the range oéﬂfa%ﬂ?ﬁl QOMEHSMIFBIES ,eatﬁ’oh% 8%?9[) ﬁ%’ﬁ%’fﬁ}out 20 ppm, or

from aboutthppm toderséhsion o aeidreresiaugfops) toidasanbpbriédopomitheach case based
on the weight of the polyeiﬁter., Using a titanium-based i?tal st is advanta eouibecause the

finished articles madeSHSHGAHAR ARBE QR FRRCHAS HrFae POYSRARPRREHRR A90Rer 1P&olor) than

polymers catalyzed gy mimaniosaianbesaseopoNsritisntation neditismisfgunisraily reaikgdt by
antimony metal giving the 5polymer a grey hue. Furthermore, the melt phase polycondensation
reaction promoted b aﬂiUfé&%&é@ﬁﬁ%%@ﬁ%ﬂ&&%%fﬁ&%ﬂﬂgﬁ?s% 9% producing a

base polymer havingeripsegaratite thie kaiayifiCatibe zored deerimaike dlpedoctiar inphésstagenger

Whieh IS & el e ! to e SetaTicaion sone. o BO In Some chses ha 2venger
polycondensation reaction is marked by higher actual operating
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

20 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

25 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

30 and continued in the melt phase in a prepolymerization zone and finished
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10toners or colorants can be incorporated into the titanium catalyzed base resin to obtain a b* value
of, for example, no greater than 3.0, while maintaining an L* brightness of, for example, at least 70, or

at least 73, Qrahdeastode OF at least 80. 15In one aspect, the crystallized pelyesissdaghiprsobtained
by the process of the invention has an L* of, for example, at least about 70, or at least 73, or at least

76, or at least 79. Other catalysts which may be optionally present along with titanium 20species 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 thit the aMbiaseing finishirgzaps iptsrvHahdhemelisaliddirdife not

increase th_e b* of thﬁ)?ﬁ“ﬂﬁ@%!ﬂ’?é%‘i&%%@ﬁﬁ%ﬁ%%?& ’H%@@Uﬁéﬁéﬂﬂﬁeiﬂ‘ﬂ{é%ﬁﬁt&5
CIELAB units and/or lower the V of the solid polyester polymer particles by more than, for example,

about 1 CIELAB uniCth¥RferRBleisaSi ANYAHROEBARR 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 30catalyst metals other than Ti are not added to the melt phase polymerization process in an

amount of, fgr example, mora EharoreomayLoRHrideaoseibabBE P By @iofeOHRsti AdaleEith or more
than 10 ppm, or more than 5 Bgm One of the advantages of the inventiveé)rocess lies in the simplicity

of manufacturing a pESSElSr oA HEereRt-FOMAILABS, Qrd08APA5E PRYRFiIFRIMIRE D eed for
employing more thameseretrigstidyvesiBplsingondsr Arneci e prfuscssispsRipattakes place in

the presence of a pogl?l( ondensatigjn_ catalyst composition conf%rrlﬁ%exclusivel of titanium species,
i ,

meaning that no oth&TRERA CRRAILPRSHHBHBg & IRAC ‘Hj’%ﬁlﬂrrﬁfj WRERRIAZE RN 10

manganese, or magpeae, thee idefidndhsr mrlr heaetors Bjerits aoranaduiladiiebrcatalyze
the polycondQJensation reaction jn the melt. In another aspect, no other metal comg;ounds, including

cobalt, are Kiided. It RAPRAIERIGRIAISHOLRYER AN BREGFATERCHPM SISRSBEAYR H3988 or
manganese will mospéifsisdnreaasihgldvedensivés e, neithesidisacd fithe bEtHBe@sitippurities

with the terephthalic acid. composition mgde from a metal catalyzed liquid phase oxidation process, but
in one aspect, thesetsﬁe?gfésg ?'&ﬁd@ﬂ?W%@ t é@%"ﬁéam‘%@x @Eﬁ.'mtgﬁe aspect,
germanium catalystpaspaighstitedioh theroigmet |vRitee!t, ytesaarondetraiceseastion takes
place in the absence of added source of Béermanium as a cataFIést, Qr theeeitglggt s;ﬁr&olymer, particles,

performs or bottles SRS HnsPreasly %F@éma?ﬁ’lﬂﬂ I§BFrsents th

15 polycondensation in terms of reaction time, while the finishing zone
represents the second half of polycondensation. Other reactor designs
may adjust the residence time between the finishing zone to the
prepolymerization zone at about a 1.5:1 ratio or higher. A common
distinction between the prepolymerization zone and the finishing zone in

20 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

25 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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25The prepolymer polycondensation stage generally employs a series of one or more vessels and is
operated at a temperature of between about 230C and 305 C for a period between about five minutes

to four hourgy ®syirg dhisestage, the It.V. of the monomers and oligomers argdpgreasgrdsaerally up to
about no more than 0.45 dUg. The diol 30byproduct is removed from the prepolymer melt generally

using an applied vacuum ranging from about 4 to 200 torr to drive the polycondensation of the melt. In
this regard, the polymer melt is sometimes agitated to promote the escape of the diol from the polymer
melt. As the polymer melt is fed into successive vessels, the molecular Sweight and thus the melt

viscosity, which is réPigememintheelisorisynisture RwpPemeized MaRalyspadarsalinn of each
vessel is generally derreaRasbigehgne i RESRIRARSSEESel/ (BP I PLIYERE fHenassive

vessel or in each successive zone within a vessel. To facilitate removal of glycols, water, alcohols,

aldehydes, and otheP™E5@28 & Alianiunsentaipioaseaiatyphcale GRlahRt P MRIRIHOBr purged
with an inert gas. Ine SRR IS RISTIRFEOalERMSH YRy aSieATeaRdARPT Product

characteristics at reaction conditions. Suitable gases include, but are not limited to, argon, helium and

nitrogen. 15®nce th@¥SRBASNSatiPthEgepoRHAR AR BMesirteyprgntinitialingly, for example,
no greater than aboydi4arlihsation JERSy PEYRIEAsHEAY oPtd ey eateritianisR e 2 d Ug,

the prepolymer is fed from the prepolymer zone to a finishing zone where the second stage of
polycondensation is RGPk HRIEHtIAtEIE&stanticalioRIAh § S LIENBO R REBUTNLRUPAB Cessarily,

rqmped up to highefd@ﬁ?ﬁférﬁéﬁr%? ﬂh@%ﬂﬁ%ﬁﬂﬁ#@r@%'%&%@?@é&%ﬁp f# H?é%fi’caf%ﬁi(amme,
within a range of from about 250C to about 310C, or from about 270 to about 300C, until the It.V. of

the melt is increaseFRNEFHNING. cRalye! ismddaddadhe estesiieation zans: kistpieativg, or at least
0.72 dUg, qpat 25leggbRdEe With 3re IR pRAHTRRiAtdtan etk AfeatisRedatisriemsindriatarrlied

to the polymer melt or of the polymer melt in at least agortion of the palycondensation zone is, for

example, greater thahRARIEH12BH camaiping Mpasteetiercahtialic acidape deakiptiadeds in the

finishing zone are, cpjigaRefirst esterification reactor. In a typical DMT-based process, those
skilled in the art recognize that other catalyst material and points of
adding the catalyst material and other ingredients such as phosphorus

15 compounds vary from a typical direct esterification process.

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

20 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

25 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

30 75%, more preferably when the % conversion of the acid end groups is at
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conventional practice, lower than about 280C in order to avoid rapid increases in the rate of AA
precursor formation. The final vessel, generally known in the industry as the "high polymerizer,"

“finisher," okyBOlyBOEeHser.” is also usually operated at a pressure lower thap ysaflddoaifls
prepolymerization zone to further drive off the diol and/or other byproducts and increase the molecular

weight of the polymer melt. The pressure in the finishing zone may be within the range of, for example,
about 0.2 to about 20 mm Hg, or about 0.2 to about 10 mm Hg, or about 0.2 to about 2 mm Hg.
Although the finishing zone t(ypicall involves the 10same basic chemistry as t Q[Fg:e;%%’\:mer zone, the

fact that the size of 18Fh8R@:I88dMesh REefRrarly yienihe <o fRarerfian A fditions

also differ. Howevergf Frore RANSREE LR 6 Saeasf dsdinishing vessel(s) is operated under
vacuum or inert gas, and each is typically but not necessarily mechanically agitated to facilitate the

removal 150f the diol and/or other byproducts. In step b) of the process, a catalyst deactivator is

added to the polymer melt.|lnsH6HRSPEEpLBE BABAYIUALESHYTHRNG ROsEdedf Ry the engarpirie addition
of Ti catalyst. By a catalyst deactivator is meant a 20compoung effective to at least partially deactivate

the Ti catalyic activigiXRIERWPRTAT RfterEIMPIRtion Of St HieRIGR LR PPINERIGRREIIR: when

by its addition at a giseihpwe! Hb9ateietrhAvEBARFRIIRNVURIRHB eI reaidisersalidhedrseivy level in
the perform is reduced relative to the no additive case and/or, solely for Rtgstinigeﬂ@nctionality of a
compound at a 25giPEMRRETAFRMER Vé‘f"elbys&fébﬁamﬁg [ﬁﬂ%ﬁ% P¥h TMditons is

reduced relative to thpeamaenPabaretheithont dhendanelivrsachew s6lH\® Tateg), or o) theen added

earlier, the rate of melt-phase polycondensation to a cgnstant It.V. target ynder actual o gﬁi%
eris

conditions is reduce@9PAPRY fhbdiiie ptngihessiatification PG J¥t PHPTHR HON

reduced atgpnstantiinfeer ekaiivefipinrebadstiiaease. In another aspect, the catalyst deactivator
also reduces the rate of 5AA generation upon melting particles relative to the no additive case (Le., to

lower the contribution of AA generation on free AA levels in a molded article, such as a preform,
relative to a no additive cas ; In anotherug}%)ect, %Te catal Fji deactivato re(éucels thetrate of AA
generation upon melting patiPREGRURYUITR tH §§I8§g .88'88%“(%{5[4 FAIRA R BIPYophase
polymerization relatiggstoibeatdedlihitive gaepolymerization zone. These compounds may,
however, be added in the finishing zone instead of or in addition to the

15 prepolymerization zone and esterification zone.

Preferably, the titanium catalyst exhibits in the absence of
phosphorus compounds at least the same rate of polycondensation as is
achieved using antimony triacetate or antimony trioxide in conventional

20 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

25 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

30 triacetate or antimony trioxide in conventional amounts and at higher
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In one aspect, the catalyst deactivator is added late during manufacturing to the polymer melt in order
to limit the activity of the titanium during subsequent melt processing steps and which would

15otherwiseycgtalygestiisyconversion of acetaldehyde precursors present ingh,p9Ra0Esiee
acetaldehyde. Left untreated, the polymer would 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 20also help thermally
stabilize the polymer melt near the end of melt phase polycondensation and duringeltin of solid

polyester particles, f$fEREAEEhe A Robesipiahay DREERBLVIRFRSERB R PEBAEGRSLId

occur to cleave the n@hyBERfiRRINS RTINS TRb & AN EEHRIYIRAEAIYRAA precursors
and ultimately, more free AA. In addition to 25lowering the formation rate of AA precursors and free

AA, the catalyst dea@RMEINRRYSADHNER! harshsticenditirporuiie AlpastSiRg yed legstion at
least partially catalyz&;[g]yghe polycondensation catalyst system may be less of a problem when the
polycondensation catalyst system is at least partially deactivated. Addition of catalyst deactivators to
30the melt i®more efficient than deactivation of catalyst in the solid state. In addition, solid state metal

deactivation techniques, sutitasiot ¥eaydtsaHBRId6P-§eaerdprieatmnded\necsiapshifiay (30

minutes or greater), do not offer the economic advantages of catalyst deactivation in the melt phase. 5

In an ester exchangSYERASRAkPXIAER<8NCAR B oREGIRIRS ap¥RIIESHRIC o RUKRYIFES IS ester
exchange reaction affeefQiydnivecanenrddionia BupacrRMPYNimbItiCRrMAAPaKbatRe ester

exchange catalyst without significantly impairing the catalytic activity of 10the titanium-containing

catalyst added after EAEGalPlEXRRIE: 3%EhAHiSeRIGRY liinARdetiiscnranyd thangte catalyst
does not hage to be JracBYRIRDINIAY iRAtitE oRBEdERMIY BUMRBIRINRM R ADAEH erAaterighange

catalyst does not unduly impair the color or thermal stablli'% or other desired property of the resulting

polyester polymer mEIEHEIshASE Y iigepropyt titapate Ard el aisaBrepyiditanatin R KAohosphorus

containing compoungltaiiera PSP RproposiBeuNda P Hiadh ety sROLRePR0aABI:!S atoms and
include, for example, phosphate triesters and 20acidic phosphorus compounds or their ester

derivatives. Acidic plROSpREHEAY KB SnHedRE thentrademark FafR tanates fpmilPYRRM  dhat is, at
least one phosphorug giigritdaiiNe dngedria L ah kY servarss Heuedyiinmk teRhIpast arediygroxyl

Or O 0o 2P abie: ThcTudmg Those Uisciosad ih Urs. atent 5,858 716, incorporated
herein by reference. Titanium oxides and hydrated oxides may become
solubilized during 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

20 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

25 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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acid, pyrophosphoric acid, phosphorous acid, polyphosphoric acid, carboxyphosphonic acids,
alkylphosphonic acids, phosphonic acid derivatives, and each of their acidic salts and acidic esters

and derivatiygs iaslyghisyg acidic phosphate esters such as phosphate mong-pr Risaias and
non-acidic phosphate esters (e.g. phosphate tri-esters) such as trimethyl phosphate, triethyl

phosphate, tributyl phosphate, tributoxyethyl phosphate, tris(2- ethylhexyl) phosphate, oligomeric
phosphate tri-esters, trioctyl phosphate, triphenyl phosphate, tritolyl 5phosphate, (tris)ethylene glycol
phosphate, triethyl phosphonoacetate, dimethyl methyl phosphonate, tetraisqopropyl

methylenediphosphonate, rﬁBﬁdncme"hﬁelﬁ? @Wﬁb?pHBWE%ﬂfmdem%Br&%ﬁf’%ﬁﬁfthylene
glycol, or 2-ethylhexgnsdy dwdna@%eai.ehQ%&Blﬁffwrﬁﬁamﬁﬁdaﬁwg.ﬁ@tewﬁmepﬁ&@@l

diphosphite, mono- and di-hydrogen 10phosphate compounds, phosphite compounds certain

inorganic phosphoru‘@’@&%ﬁ%@ﬁg?ﬁlﬁ éf@ﬁf‘é’@raﬁ[ﬁlﬁtﬂﬁ@wﬂﬁégﬁ&wm e titanium
poly(ethylene)hydrogeplegshbrianic'éaitiysparsphriprebame ey Wiaaatatiifeswwhishmolded

parts is one indication of the Jack of solubility or limited solubility of an additive in the polymer melt.

Soluble 15a8ditives ‘FerRARINKeRIamaRiRl HiaRINB LA BN OTRE NQreanic catalyst iR dlthe catalyst

system used in the ipyanépRtatastyde @ity sritealy Agactivated, phosphorus compounds
previously found to be less effective with antimony catalyzed systems, such as the full esters of

20acidic phosp_horus.compounds like phosphate triesters, can now be used in the polymer melt and
Bitimony catalyzed system& BTSRRI Ai AP SR S A OB NP IR
catalyst system of tf@mg@%mmlpwmtomnégd@aﬂmma@ttmeénhbghthesmﬁd to increase
or black cob o the (0B TSGR AR ST A BN o DA UAT AN oKBI FRebfRaent
invention is not reduaﬁdﬂbccaﬂtbmtﬁbmbafm@tmémfraismtbarnelemﬂamirfgrspeﬂ;lesjs to the zero
performs and botle IR ERAEET ATy b s IR QS SRR CRERt Ot Bt SR R ERud o are.
brighter and clearer thandferetesramiioris siowiadtompintmppartisiabizogidatiyesitateolymers. 5
e e e aare A B o el e o L RS ap fs
metal and agtimony aiepaghatispPabasettorethey sieliattinangaipesecpsiiatiee and not in

terms of levels of the titanium 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

20 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

25 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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10haze. In addition, when water is present due to incomplete drying of the PET and/or additives,
moisture sensitive haze can result. Unlike conventional antimony catalyst that is used at about 250

ppnn, titaniygoCatiNshhHthe present invention is used at much lower levelpaipd;sesaigoiie much low
concentration of catalyst particles or residues in the PET; 15therefore, titanium-catalyzed PET

crystallizes much slower than conventional antimony catalyzed PET. Slower crystallization from the
melt means that less heat is needed in the extruder portion of injection molding process to mold clear
preforms; therefore, the cooling time is shorter and hence, the injection molding cycle time is

decreased, that is, 20more, YR8 BditRNpEThASSdSRtRlYsTHa advanizeenys kesadse Mfallization
from the melt is espepiplicdesiribe yarR memiﬂeammhw@g{@@ 5@%%9?@%19@%@?@&@

along with the addition of 25titanium compound nor is it added at the commencement o

polycondensation b®igherit-wealenthan Relymess cataired by #r andmonyrhpsadsaialvstie, the
rate of polycondensa}iantdttReaId REiGR e ARWENG c-40a SOIPHNRR9 SR QiRBaRBNOTUS

compounds are deactivators, and if they are not, they may, if desired, be added along with the

catalyst or aPthe corRRIEMESALTEY My EHEBRERRIR: thhBeliiRRRse PLYcaRsiersali98d too early in

_the I00|)_/me'fi2ati0n SREQERSH: &%Hﬁﬂ@@_%@ﬂhﬁbHiNm%éf@ﬁ@'ﬂ%d?dW@Wfﬁé’iﬁiféﬂﬁ@h is
impossible to reach a high target It.V. in a reasonable process time. Thus, as stated earlier, the

additive is incorporafPaPleI PRSI RNISH RANBRL NG _RRcAsERPIRRIERE heleWet @xit or just
prior to pelletization ghRih@rdiRRRY Gh tREdaRR b En A BeEVErgSHaMIER ikPEREs Ay ERBIENt in

the formed solids. Since one of the benefits of the invention is the ease with which the catalyst

system may be deacdiM@teWithoutdhg addiionrbyeliow g FaErioHigdPydae HABFRYEMIRNy as this
would retargthe polygpaeeBrifsrantsiaar be rEGHT A hth ehatianiinf draksesyalst

deactivator should be completed only upon substantial completion of ]
resin to obtain a b* value of, for example, no greater than 3.0, while
maintaining an L* brightness of, for example, at least 70, or at least 73, or

at least 76, or at least 80.

15 In one aspect, the crystallized polyester polymer obtained by the
process of the invention has an L* of, for example, at least about 70, or at

least 73, or at least 76, or at least 79.

Other catalysts which may be optionally present along with titanium

20 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

25 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

30 catalyst metals other than Ti are not added to the melt phase
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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 ¢f ghpekPRgl¢gondensation or thereafter. In an aspect in whigl-fhgssaiaiisl geactivator
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 25exiting 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 orREEM@HZaLeBREPFRSSI Hh B RTP L BhOhRXATRIGNBIA D Srdhhatrtsial st
deactivator represeryingthg ﬁq@l@mgHrgdspEﬁggﬂ }ﬁagqﬂghcwrgﬁ,g,t RRlItorOgRRHOPnhereafter
el

but before solidification as explained further below. To maximize plggcondensation and/or production

rates, the majority, SPRRRERING AR RRIM. SPRgoRt thereyaptages Rbtheinyestivariosessietor is
added late to the mef aREAFAPNBMGCHERUAGARY a pdlySSRINSbRARECHY BRethe catalyst

deactivator is added to a melt phase polymerization process, the catalyst deactivator is added to the

polyester mélt late dBfigjificatienRbancsnirbisdateaythat herfieed farHampIoXiBe. MACatalyst
deactivator is addedtiingmobseiRsmelidatidinglg, RURBAEISPRYCIRESnsFiBnRdeAstgavhen one

or more of the following conditions are satisfied or thereafter and before solidification of the polyester

melt: 15(i) within a fitRiieRiasedR Hon presrAcsof RerlreRdsisatien Fataet PHRRRIEANsaid final
reactor and before acgHigstAg %&EHR&%W%MQW@F@MW&QM@%iaiﬁeﬁﬁiﬁeﬁaﬁd
y

particles; or ii) after the It.V. of the molten polyester polymer compaosition has 20risen to at

least 0.5 dUg, or to SAR¥ECOMIGUPAR SHELasRBHMBORY I idMedsIHaDiWiy ZP%o at least 0.76
di/g, or to afdeast 0.8RMdanesiibrardyAtanitied e HriawliethBavyerighasy mantmaittifrmyy . is at
least partially released; or 25§iv) following at least 75% of the polycondensation time, or at least

process to actively catalyze the polycondensation reaction in the melt. In

another aspect, no other metal compounds, including cobalt, are added.

It is to be recognized, however, that one or more of metals such as cobalt

or manganese will most likely be present at low levels in the melt because

15 they come as impurities with the terephthalic acid composition made from
a metal catalyzed liquid phase oxidation process, but in one aspect, these

metals are not added to the melt phase production process.

In one aspect, germanium catalysts are not added to the polymer
20 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.

25 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

30 byproduct is removed from the prepolymer melt generally using an
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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 terminateg, grawiaaRdi desired 30It.V. is obtained. For purposes of measyFifg ¥R 00dies 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
5(v) within +1- 0.1 dUg, or within 0.05 dUg, or within 0.03 dUg, or within 0.015 dUg, of the It.V.
obtained upon solidification; or (vi) within about 30 minutes or within 20 minutes or within 10 minutes

or within 5 minutes GIRRHRR RRHHML2 BB QIMAYRIE thionddP tT to deivedhespect, the deactivator

is added to the polygssR/caedenfianitit sl siRsinal entaregan lttHe Yo rashiei(gllig, or at least
0.55 dUg, or at least 0.60 dLig, or at least 0.65 dUg, or at least 0.68 dUgq, or at least 0.70 dUg, or at

least 0.72 dUg or at FORREEMBSRYIAIrd iR REPEIOE 1Ba G5 caPs 9L e st fiog, R PR Yreferably,

regardless of when theRleaaivasop dhyasksicrhdes asdlinte saboessivuitiegsenmpt phaieeuanufacture
has an It.V. of at least Q.68 dUg or at least 0.72 dUg or at least 0.76 g%qu 20In anagther aspect, the
1

deactivator B added¥§'91d foJdBRs heimeltiMsersieMiich i ratedia ReEIENS Gacuum from the

polyester melt undenggitsing WanegsiphHeer eRtivitreasadeMpiépregshrePoe sdivie Ve ssel is
polycondensation zone or reactor from a lower level of at most 10 mm Hg or less or preferably from a

lower level of at modeNRiA¥LIe5T6aRRd 18 3|Vl agheaianAgares QLePWNEEEFHANR or greater,

or 600 mm Hg or greseh QlidecHsNasNBeEeIBEHS ¢acH dieedeside Tonefvahiy Bejessdie pelyester
melt is solidified. In another asfpect, the deactivator is added within a final reactor for

30polycondensing tHBGHERETBEIPVEIR KRS SYatetnalarlals Ridphydes, and other

10 reaction products, the reactors are typically run under a vacuum or purged

with an inert gas. Inert gas is any gas which does not cause unwanted
reaction or product characteristics at reaction conditions. Suitable gases

include, but are not limited to, argon, helium and nitrogen.

15 Once the desired It.V. in the prepolymerization zone is obtained,
generally, for example, no greater than about 0.45 dL/g, or no greater
than about 0.3 dL/g, or 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

20 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

25 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

30 aspect, the temperatures in the finishing zone are, contrary to
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reactor and before a cutter for cutting the molten polyester polymer composition into said solid
particles. For example, the deactivator is added t6 a location within 50% of the distance to the outlet of
the reactor, Wwhekpghsogigtance between the inlet to the reactor and the outleg st g6 yvithin 25%
or said distance, or within 10% of said distance, or at a location proximal to the outlet of the reactor, or
to a pipe connecting directly or indirectly the last polycondensation reactor and a gear pump or
extruder providing the motive force to drive the melt through a die plate for cutting wherein said pipe is
directed back to or proximal to the outlet or 10the bottom of the last polycondensation reag:or, orto a

pipe inlet to the last FBRYEMURRRLRIAFHERAMMRE NP BRANLZBOTS d0Riden 1o RVaihiaBithe outlet of

the last polycondensatiesieasiartieisaiean g ibsursbitioriReRi N Thavfinil Wssiast 25% or less of
said reactor or with within the last 15% or less of said reactar or preferably in the last 10% or less of

said 15reactor. The PERABGKNANDHI BheIngestviRsdheoniBPRlYSRaNZzelst SRRSHdeAsation
reactor. Preferably thgdlpeeriiaases 't 'greusudIg Bperdtedast & Prasyags owWede tigahsuseddins or

volumes are measured starting from the last polycondensation reactors qutlet. The addition point is

deemed to B withinthfeRIERA IatienyEaps tRdashentsivegBIReAohand/Mlei2fht, length, or
volume is satisfied, yyprsduttsChntthcrdipsintiseatpole@inaedveight of thechalyptieemasite Xhie

deactivator is added to the polyester melt following at least about 75%, or at(l)%a t 80%, or at least

90%, or at least 259B58SSHER [BLbESSNING FenEFBRY RSowitBiniRe. (RAIG P DL S ARG on time.
The average polycorgnfaiondaedatReasureHy toe aveageitoeablegsed heiweagn avhsbatgiven

portion of melt enters the start of polycondensation zone tqg when that given portion of melt reaches the
exit of the polyester ﬂwglf?répﬂ‘ﬁ'ezéélpbagcﬁﬁ HQQHOW%%V@%{BQ ﬁ'geaW&%Bgyp@%&lﬁ?e%ﬁon
time or avefgge residansg badthém Baly e HenprEpblyars 2ond)ahechasttbabihl aias sfugies or

modeling. In another aspect, the dea tiva%r is added toé@e'gol ester rBeIE]%\%/hent e It.V. of the
polyester melt is wittMPEIES. PROYY: eSS FY T SwRiSARS 388d0G FEPWIM 0.02 of the

It.V., or within 0.015 gbtglitibhairgsougiefesolbinslion likerthsamepdlyhecp oaster, Batmuithi@ve an
It.V. that is about 0.10 dUg below the |t.V. obtained upon solidification, or jt could have an It.V. that is
about 0.10 dUg abo&@%@\X%&%&ﬁ%ﬁ@&%l%ﬁﬁ%tﬂ?u”m or inert gas, an each is

typically but not necessarily mechanically agitated to facilitate the removal

15 of the diol and/or other byproducts.

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

20 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

25 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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In yet another aspect, the deactivator is added to the polyester melt at a point within about 30 minutes
or less, or within 20 minutes or less, or within 10 minutes or less, or 5 minutes or less, or 3 minutes or

less of 15sofidifying ibafolyester melt. The solidification of the polyester mel-tyicadk/dagesy’s when
the melt is forced through a die plate into a water bath and cut into pellets, or in a melt-to-mold process

when the melt is injection molded into a molded article. In the broadest sense, solidification
occurs when the temperature of the polymer melt is cooled 20below the crystalline melting
temperature of the polymer. In yet another aspect, each of the aspects identified herein occurs

individually or in cortiniidorefrthe pelyanesiis reabeae Rt LRSS ralatye LSS ocess where

the throughput of the gagkl,Bhasg process is 25at 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. The reaction ting ghiiRePaisFom MehtalabaEhOHALraISy eEahuwHe Hatarof.V. in
the range of at least about 0.68 dUg to about 0.94 dUg Is preferably about 240 minutes or less, 210

minutes or 18ss, or 130 SRNGEdION HRENMEliNGpatticles klative fodhaingaddifiesasedb®minutes

or less, or 50 minuteg, RhRSStH LB ABRtERESt AR QYL ABLARFHEMRIPUEN levéns Mxammbiddgtween
about 0. 5 and about 1.0 mm Hg, the temperature is_between, for example, about 275C to about 285C.

In one aspect, the tzRHGIf, \BU BFEIN: ERiBtiR A8 AR 8BS £388) tdntaRmiReheactivation.
This aspect is combj MR a8 of faethatsisrasiic s srehatlsaA. gendriatich aipidn of

phosphorus compound or other catalyst deactivator used in this process is effective to lower the

amount of free AA gBIRIAG PATIGEHBRNGIRSHIN: it eash OHd dlig abiainsd B RIMFIE melt

15phase by(partialIyﬁ}{gggyp@mﬁgygmg,m%pﬁeyﬁg vty ddipstitaagen 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 oftenjfayfela¥sadteédatalyst deactivator is added late during

manufacturing to the polymer melt in order to limit the activity of the
titanium during subsequent melt processing steps and which would
15 otherwise catalyze the conversion of acetaldehyde precursors present in
the polymer to free acetaldehyde. Left untreated, the polymer would 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
20 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
25 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
30 the melt is more efficient than deactivation of catalyst in the solid state. In
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20specifications 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 igiakiisesHA in some water preforms may be about 3 ppm. Ppefpingsoisiesdes for use in
both CSD and water markets, dual-use preforms, often 25have 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 30a given TRRAEPM&QlisbstRiadPeialAgacialion eshnigyrsaiich @ahatwalsh
applications. Since | AAdiOBOL rICTy FbF BRSNS SERRUSEHIRR ( ST RmilIRS8 IBingraaIF)ouNt of

deactivator possible should be added to achieve the targeted free AA level in the part for a given
application. The It.vIR89HRfeIdhe LAAROME BvaDIRESSHOtEakRIvskdGaevatea RHAe 5'%8m a neat
phosphate triester. Fﬁﬁg},@_ practical standpoint, It.V. loss has a negative impact on production rate. In
addition, at some point, the It.V. loss may start interfering with the AA benefit as a lower It.V. means
more hydro>€}/ethyl end groups that can react with certain AA precursors to form AA. 10 If the

deactivator is corrosive, it iq;rpgﬁ%‘éﬂ;ly@*@ﬁgh?@}é@@ﬁﬁﬁi@lﬂ@tmmﬁtﬂ@gﬁ@ﬁmgm should
in

be added to achieve the targeted free AA level in the part for a given application. In some cases, a

neutral compound, [REtASRBapIsOR REIEE RSIRERIFNRBIESAGIAR @A RSIRISuUNd, like phosphoric

acid, given equal effgglixiinferiidaueinthbre aMduptssamelentatoadasvdtesné Rlaesphoric acid
may promote corrosion of pumps, and reactor vessels if the equipment does not have the proper

metallurgy, such as 8%aR88-satRksbyYitbauhsignfisantidmpaisngiie Lateis aetivibrof
economica{ tp use, apantitdHURE AR LRERFSUEanE daaTe gy demiaiting inasteyith better

sensory properties. The quantity of phosphorus added late relative to the titanium atoms used in

this process is not ligeRARYE SRieletatipevstethR LRI EXENAPERRAIAIA HOBS B0 RAYE metals
present in the melt. %Gemaauﬂdétearaﬂ@w&mﬁHfm&tﬁt&hmm%mmrvgtaaqaww

compounds. If, in addition to titanium compounds, other metal compounds that react with phosphorus

compounds are pre SHERXFABIF AR ARED RSN JBRRIT RS PIfas thesmally in excess
of that required to agyftjheriatagrdeBirtdBrdperfisefaBacEatRiy pBiIse BReRRRsIUMEH react or

combine with all reactive metals present. The ratio of moles of phosphorus atoms to moles of titanium
atoms is ddsirably aPlRase ®FIYChr at least 03:1, or at least 0.5:1, or at least 0.7:1, or at least 1:1, or
at least 2:1.

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

20 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.

25 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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5Although we have found that a P:Ti MR of 25 is suitable, and no upper bound is specified, large
excesses of a phosphorus compound may cause excessive It.V. loss. From a practical standpoint, It.V.

loss has a nggasing/13w3a¢t on production rate. Larger It.V. losses due to higitleysleGaladyss
deactivator require more It.V. to be built prior to addition of the 10catalyst deactivator. At some point,

the It.V. loss may start interfering with the AA benefit as a lower It.V. means more hydroxyethyl end
groups that can react with certain AA precursors to form AA. At the point just prior to late addition of a
phosphorus compound, it 15is preferred that the phosphorus to titanium mole ratio in the polymer be

as low as possible. AR ficestere anAReR addicBhosrh R seigtf{ahRRseNFs IR
titanium mole ratio ig iah BR/YAREMINSHRRPAAIOHRIALE BHOYITLE amhagP paBLpeafepound may still

result in a lowering of AA; however, the rate of decrease in AA with increasing late phosphorus 20level

will be slower and tHERMiR¥YEIRY  ehesRbate AlKis(#r Ehyihare) BRsRhRe HHIROBSEI%  phosphorus
added early increas%ogbﬁralp@mgéﬁﬁg’h@i&m%ggph.gw’h@rpwwwphﬁgﬁé@tmw stated above

are formulated in the case where the phosphorus to titanium mole ratio in the polymer prior to the late

addition of @phospHIGERBAIBo(IHE)RthensSlvssy RhPfARAE RIS tBY | BLORRIPBARCERIR, or less

than 0.01:1 MR, or |ggnéfay Petyl phBs phélae etk shropd. mbthprhddptdrpkoiite,
polycondensation reaction, and preferably of the P and Ti added to the melt P%agslaﬁ%rocess (which

includes esterificatidRRstal eRARgRStes RiRiosphoric aqid wih Sivis latalyst
deactivator neat, thagjisthyiEgiyebic oeifubenyinesansl binirare 9o e¥chr rarepBgaphsies acid.

In this aspect, the It.V. loss due to the reaction between the catalyst deactivéator solvent or diluent and

the polyester polymdRGideAisieRryrantaatyhrtoh JIRRRPAN G IRRNGs BREAINYAIORR™N more dilute

solution of pgtalyst demesivaiRe Bdmpeipided phakpratdagsoantsnesreaativergaaiits, does not break
the molecular weight polyester polymer melt nor increaseQEAﬁ;ener tign rates. Water, alcohols,
glycols and lower mBReSRIIANFRPRIUNESINGL A Bieiaa B’ﬁ&% EhEIR RRWBEIARY 0 that the

catalyst deactivator ﬁdwmmwwmmmpﬁmtéhatgﬁw@w%hgm thagaingnum amount of
the catalyst deactivator and the associated It.V. loss are known, the melt-phase process can be
carried out such thaS@IEteTs RiRRTERSLIHE Eé?i RERS:-00R, RAigHEP R fﬁ@ fﬁﬁ%ﬁ? of It.V.

loss expected so thaidhairiget Iviterndetubiiitg ' ¢¥@n additive in the polymer melt. Soluble
15 additives are more likely to deactivate/stabilize the catalyst system.

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

20 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

25 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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15 Once the polymer molecular weight is built to the desired degree, it is discharged from the final
polycondensation reactor, in this case a finisher, to be pelletized. A gear pump may be utilized to

facilitate fungelingaisgggpunt of bulk polymer through a conduit to exit fromp2Qfinshin@agssel. 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 sIurries?. In one 25aspect, the second stream may be introduced into the melt phase

process at any stagd'ptiaf SUSGRRIBIRItA degw@datipr ohbinéEn tRSERYINM 0 theRiaIBulk polymer
reactor (such as the JiegbRok G BBRAIP PrEdGEYdAlRMG Nttt edtBRRAaN 8 dhrstaferofn

another aspect, the second stream may be introduced after the last haft of the residence time within

30the final reactor afftepRieseRbinventionALa PAighiss A elgatrE than perfarnsRAMLPAYSSHe added
to the second streampfa88 fshiraAtRHcIRFeBtbRRA P bIjesteesbipmbrdk polyester polymer melt. The

manner in which the second stream is introduced and the 5source of the second liquid stream is not
limited. For gxample, it may it may be desirable to treat and additionally process a portion of a slip
stream. In one aspect, a slip stream of polymer melt may be withdrawn from the polyester polymer .
melt as the melt is dischargiedtfre womesiitianabstiinpoioy tataljdticpsiem Tiftheataltist olepotigtdbr may

then be added 10to the sliﬁ%s’geam nd the Ereate li strezc?mg%a.k.a. the second stre%}g tpeﬁ
circulated back to th@'?ﬁi]gl QY lﬁ%&?@ & HAS e%o%?t g oﬁ}é% SANSEE G trged
from the final reactoand eagdepasinsdaté maydeSiesiliebpadicks dfiemtinsengndetabandinto the
finisher through an extrtuder or agEu i%q means from a so%gﬁégﬁeﬁenoﬁlfnt from 15ctraﬁther than the
bulk polymer produc@ﬂ IRy R ‘?ﬂg@ ﬁm&’sck%arge s Syﬁ% ZAGIT B _jne
|mmediatemolloyvingalz_le.fihiséﬂiwtmaa,oMnemdvbtéoie pﬂwnﬁdoa,tmmpbmmwm@ﬁthg
B e I B a7 e, e SRe SRR FaBa s PGt e miver or any
conventional antimony catalyst that is used at about 250 ppm, titanium
catalyst of the present invention is used at much lower levels and results
in a much low concentration of catalyst particles or residues in the PET;
15 therefore, titanium-catalyzed PET crystallizes much slower than
conventional antimony catalyzed PET. Slower crystallization from the
melt means that less heat is needed in the extruder portion of injection
molding process to mold clear preforms; therefore, the cooling time is
shorter and hence, the injection molding cycle time is decreased, that is,
20 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
25 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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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 gglipssipaRIPf Molten polyester, as a master batch in polyesteppeleiSotisfrodss
25concentrate) 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. In
another aspect, the catalyst deactivator and other comEounds such as UV inhibitors, colorants, reheat

additives may be add€asHatesipanddhnthaxareprt.eydnayd desired s addashalang with

polycondensation regdt AR SDISRIRE SopHABRAEMBRY B IBéNFBRBIeAEEAJRAE final reactor or at a
point before the slipstream is taken from the melt phase stream exiting the final reactor. Any one or a

mixture of these additives may be contained in the second liquid stream. The additives including the
catalyst deactivator may be added to 10the malten bulk polymer stream via a slipstream or introduced

from a fresh source as descHBICHIBYS! AGAGAYAIR b afdrtiRRGAHSBtNSRRIYERIEAIRMdded

from a solid sdditive sigielys/ersabfnée )Rk aam ohteilipoRIMEYCRSFIAY BEUHvAS diifficial &s an
extruder, may be empé%yed_ o facilitate mixingnt]he solid additive into slip stream. The 15extruder may

also serve to providé fQIrsARLACYImRMEtYe 1ip SERsAnaRiR RIQRGRS NS be in line

with the slipstream, Thgya8istaRe B4AIEIE P adaR Ve (¥ inCoersteatifnalaestage rsthwy also
be employed to provid motiéle force to the slgnstream as it}_s enriched with one qr more additives.

Optionally, one or mBRYSERESASRNO R RFfTRRhNRa IR RS RaNRX QY MSERTIABIRJ to process the

slip stream to providgeileteklicinat aause enelansbidalidirsiten T, thdr ardade asdueetiasiditive
enriched pglymer slip stream may be generated and returned to the finishing tank for reintroduction
into the bul onmeFr G M ﬁggﬁéé?},'&@ﬁ&%ft’i’o@cﬂéﬂ!'%catalyst deactivator containing second
stream 25may 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 a_bse_nce of addisg'_pe Qaéhfsttﬁe/begeﬁ(e.gf,taepMyenﬁda Mbem@mlmhmmﬂkphase
R oY A et gt S e R b SN

catalyst deactivator too early as this would retard the polycondensation

16 rate. 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

20 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

25 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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catalyst deactivator had not been added. With late addition of a phosphorus compound, titanium
catalyst systems can produce polyester 5polymer particles with lower AA generation rates than

polyester palyd i Axask Without the presence of a catalyst deactivator or pelyagesssmpdeswith
conventional antimony catalysts that are or are not similarly deactivated late with a phosphorus

compound. Molded parts, such as preforms, may have lower free acetaldehyde levels when made
from 10polyester polymers catalyzed by titanium catalyst systems and with a phosphorus compound
added late than when made from polyester polymers catalyzed by the same system but with no late

addition of a phospr@f#deeddatedniheFraies Ai-RRI¥FEIRISNSBLRN poihaEsafterdytbelore
conventional antimogy|eRR¥EbAALISHS IR HRHRNbERAGHVRSaH datnieeviBpcahaaMatitn

compound. With late addition of a phosphorus compound to the polyester melt catalyzed with an

titanium system, it isANSUPhBESHMESR KRS athe IRARIYo HHRIEIRIARIL DMK, I8hMeRt AA levels
and an AA generatigir&piedBly ROWSHbIE ‘OISR L RIGE PaELR-APRIsROAddEENatS TetReerdp add AA

scavengers or other AA lowering 20additives. In another aspect, there is provided polyester
particles an® procesRBa$8RAMHBLUHAS BRRSGES particles wherein the polyester polymer melt exiting
the melt phase only polymerization process is not 25treated with a catalyst deactivator or catalyst
deactivation step prior to solidification. In this aspect, the solid, untreated polyester particles obtained

from the cutters or particulaiperistisicaspeedt WhsténadatapsMiRigaARitsr Redaideriitaahibr
catalyst deactivator added to the solidified polyester §t%lymer para'cles durinrg_ a ﬂs%?%ggﬁgt melt
I

processing step (e.§NaSSRAVMAIFAIPThRIORSS S NG RPFRNS iASaRNERTe iR &e the
polyester polymer pgyigigstérienzlpfitie dueingnth eRnedof panassiddheativentng sefopslyester

polymer is treated 5with a catalyst deactivator prior to solidification and is not treated after solidification
it prochGe step, SRIRIEAEmp LR G W ERCUYALRT & BYSR R e RIRBIOMER e e vate
the catalyst, such asstheesting tbethelpolebnabeatiparisirdioh WhRHPeRRGImbAS valRe at a
temperature and for a time effective to deactivate the catalyst after a 10step of solidification from the
ol phase stage fof IRPHEETIIESF P SUBRI dRET Rt AL iR, ARG HRT oc,
whether by conventigigpigigestavendlt; by an underwater cutting technique, and the polymer granules

are separated from the water in the granulation process and isolated, the polyester polymer solids are
not subjected to a hot water

15 (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

(ii) after the It.V. of the molten polyester polymer composition has

20 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

25 (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

30 It.V. is obtained. For purposes of measuring time, when the
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15treatment, such as at 60C or more for 30 minutes or more. Since the catalyst is deactivated in the
melt phase process through the addition of a catalyst deactivator (e.g., a phosphorus compound) to

the polyestaygolyiggsdaglt, there is no need for further treating the polyestesRopsisAlErs3
solidification to deactivate the catalyst. 20 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 25conditions at certain discrete It.V. values, differing process conditions
may be implemented inside oPOIXENeE Biakexitfdhadinal saacdonand thevarupedsigleasgfions may

be applied at It.V. points in thqHaaihaiheiiRbHREHRIE G VYR BRI R RRRVGHIHSY aPPGeRP

conditions based on reaction time instead of measuring or predicting the It.V. of the melt. The
30process is also not limited tA¥REMUY ofifhAk PEBRIOMAN S6FWE RpWaaNdhe fitplHeario R sferent
vessels for each zone. Nor is §pesessary to split the polycondensation reaction into a prepolymer
zone and a finishing zone because the polycondensation reaction can take &:‘ace in one

polycondensation reactor wi¥h WAk s Gh logbfasing WERtR A9 Sk tiRTardtinCa0d MiSd ©bf reactors

in series, either in a batch, sefyithH ) 0a5aE9§!IBHME IPPCEBEainedUpchiBSIRMEAGS MM elecular
weight is built to the desired degree, the molten polyester po%g/mnr?er in the melt phase reactors is

discharged as 10a melt phd¥d Mo BadtsRdnipdigfswikinARiminwes uwataineld de

scavenger to the polymer melt (fiyoidia g Hgitki 5 onirtRee B dathidseivaRraskefdesirable because
acetaldehyde scavengers are costg}/ and may be responsible for increasing the b* color of the

ly a
polyester polymer or decreasirtPidifyingthemeitoning out yellow, 15especially when the reaction
product of fige AA and the scavenger is colored. If the AA scavenger has thermal stability or volatility
issues, the effectiveness of a given amount of scavenger at lowering free AA may suffer when the

scavenger is added in the RGNS AsR§IIDsHdeRstivairrshaddeddaibs Rebester et aftetm are
applied. Some AA 2@seays1pe8ter RssRasst destanonV. BfirtkmeskD iaLthe oplift Ralgedigsparticles
and/or in subsequently molded parts.
g, or at least 0.60 dL/g, or at least 0.65 dL/g, or at least 0.68 dL/g, or at
least 0.70 dL/g, or at least 0.72 dL/g or at least 0.76 dL/g, or at least 0.78
15 dL/g, or at least 0.80 dL/g, and most preferably, regardiess of when the
deactivator is added, the resulting polymer exiting the melt phase
manufacture has an It.V. of at least 0.68 dL/g or at least 0.72 dL/g or at

least 0.76 dL/g.

20 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

25 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
30 polycondensing the molten polyester polymer or between said final
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An acetaldehyde (AA) scavenger is a compound or polymer which interacts by physical forces to bind
acetaldehyde and prevent its release 25 from the polyester polymer or by chemical reaction with

acetaldehydg dossmgessacetaldenhyde into another compound(s). Rather thagpiRYeyigife 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 is that the acetaldehyde is no longer present or no longer available to migrate out of a solid
polyester particle or molded part Acetaldehyde scavengers are known to those of skill in the art.

5Examples include F6RePiRRdbefora aelteatifeisadiing the moltenpolyestes palymes U S,

5,258,233, U.S. 4,83 hkippafigrirte -$aid 46 dRoiraeissanridpaxatrip RS theseaisrlatsdi U.S.
application Ser. No. 595, 460, filed Feb. 5, 1996; r%on-G and other aliphatic pc%ggldes such as those

disclosed in Japan FRfE8dABAacaticonyikim 9% sf thpdistence R thairutipleb theceastarid (U s.

Pat. No. 4,357,461).ghere/iptedisrinels BdtweBAitHiintet 89 thede Aktut- B ltHey elanstgghoxyphenyl)
sulfone (U.S. Pat. No. 4,330,661), zeolite compounds (U.S. Pat. No. 5,104, 965)d %h droxyisophthalic
@%&ﬁ&

acid (U.S. Pat. No. 4100%0nyvithinetdtacen sald slistangge QUVihipat Ok of s 1P5abat.

No. 154,764,523 ard Risiqols ARiAPISHRd bich & iNe rdddiae s end b Barleridg24. 337).

and the most well known acetaldehyde scavengers are homo and copolyamides such as
poly(caprolactam), pBlRAEXAHERHIREHY. theJartinely oNARNSINME ey ANk &) 98AH RBAEY

compound or polymesdkiidae srd@elivg fRELHYEINR G6PeP 16 Arive HRANPA RGN ACdRCplate for
yellowing of the polyester poly%n%ers and of the bottles, containers, or films produced from the polyester

polymers. For examSétingysReRimsaid RiRse it 8H Maslete RERONTRIde:tbe QUi Pror

example, iG-S Patibdiidhf dihelat F6iidndisndulio Absth SoPie ¥ind A s e S. Pat
Appin. Publication No. 2006/0148957, and U.S. Pat. A?pln. Publication No. 2006/0180790,

incorporated herein RstdelesRrIgNARNIAhIRaGtes balAsseERdmAltoditiQHES tinBY R X8I Rolor to

polyester polymers WhebIRRATBPIRERAE PiyRMasIs RIMMEASH, eRATRGH fRatitAc¥RRIRIGPOIYMer
processing temperatures. Such one or more polgamide homopoFI?]/{mers or copolymers may be

described herein sinlpaliendsiyatniadhedagt¢e iy erdesselcspithiepsipn arautRvitindhgdast used

herein generally, and 5% or less of said reactor or preferably in the last 10% or less of said
15 reactor. The percentage can be by length or height or volume of the last
polycondensation reactor. Preferably the percentage is by length or
height. The last percentages of lengths, heights or volumes are measured
starting from the last polycondensation reactor's outlet. The addition point
is deemed to be within the claimed percentage if a measurement by any
20 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
25 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

30 reactor. The average polycondensation time or average residence time in
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includes those that are homopolymers, copolymers, and terpolymers, and may be prepared by
reacting a carboxylic acid functionalized monomer (e.g., a dicarboxylic acid compound) with an amine

functionalizgggnengiesysée.9., a diamine compound), or by any other knowpayeiReghsifdsveh as
through lactams, using amino acids, or acid chlorides reacted with diamines, to form a polymer

comprising predominantly amide linkages between the monomer residues. The polyamide is typically a
random polymer such that the monomer units in the polymer chain are randomly arranged rather than
arranged in a block fashion. "Polyamide 15AA scavenger" as used herein also includes low molecular

weight polyamides dh€ &%) st eBmERELIINERRHIER bY HasRSStER monomer

condensed or end-cappgsliigth two monofunctional amine monomers. Similarly, the term “"polyamide
AA scavenger" may also describe low molecular weight polyamides comprising a diamine 20monomer
condensed, or end-capped, with two monofunctional carboxylic acid monomers. As used herein, the

"carboxylic acid monomer” j5 btRdY aspeatbme HeaelaterKNRIdBH B EebulyeR foRrmers of
other degrees 250f functionalité/. For example, the carboxylic acid monomers may include, in addition
[

to or insteadPof the WREBIRAIR Xeigfthm BolRstRIImER iR MEtP @heuk id SLi@nRIwitipQ.Q8], for
example, to end-capfihg PORRNRE OHITAIRUET Wieiehy ofiesting ropesissiniiie. 095 anige AA

scavenger, such as the molecular weight and dispersion in the polymer blend. Monomers

functionalized with ribi@inesh wren aalidilination islpsampiRsdsnrivaritdnsiiande R amide.

Likewise, the "amingyMaN@MRat is WP Y. 20 QNGB @Ree. Phebtamedlsp bR senagpatoRf other
degrees of functionality. For ) )
or'it could have an It.V. that is about 0.10 dL/g above the It.V. obtained

10 upon solidification.

In yet another aspect, the deactivator is added to the polyester melt
at a point within about 30 minutes or less, or within 20 minutes or less, or
within 10 minutes or less, or 5 minutes or less, or 3 minutes or less of

15 solidifying the polyester melt. The solidification of the polyester melt
typically occurs when the melt is forced through a die plate into a water
bath and cut into pellets, or in a melt-to-mold process when the melt is
injection molded into a molded article. In the broadest sense,
solidification occurs when the temperature of the polymer melt is cooled

20 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

25 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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example, the amine component may include, in addition to or instead of diamine monomers,
monofunctional amine monomers used, for example, to end-cap the polyamide AA scavenger, thereby

affecting prepgrifg/diye polyamide AA scavenger, such as the molecular pejgiNa00dORispersion in
the polymer blend. Monomers functionalized with more than two amine groups may also be

condensed into the polyamide AA scavenger to impart cross-linking. In one aspect, the polyamide AA
scavenger is a reaction product 15containing amide moieties, preferably in an amount of at least 50 %,
or at least 70 %, or at least 80 % of the linkages, represented by the general formula: o H | -c--N- 20

based on the total number d¥oMRAFQNIMGRENS melLemAn hihahabeedid AL d8prising 100
percent. In another aRRQGGHPEIRAEPA anor A IRRHOPAhger ot e AcH9OIb o0 BldmgaL AP abiie

linkages between different monomer resjdues in the polyamide polymer are amide 25linkages, based

on the total number Br¥fhd8dsBrefRaRY ﬂpﬂé%%mm%ﬂ_{d@?%f 2P RRSIAKIRRSs BFesent in
the polymer may rangy ipire@BeldsaMraBd MiAREs Briess C6rTIP0 ARIRWES &P RiReUbE D

In another aspect, the polyamide AA scavenger contains active methylene groups, such as may be

found when 2 methy RIS @5 1€58s8h AR EUIGR AR BSSandj Bngpeteledothsiom. Active
methylene groups ingjsirirfPappsRePls,; RlvEsAtigye, Ehveenapbttthenanis arir MU maens,
including those present in the following structure Iinke? to the carbon illustrated in bold:

Hg, the temperature is between, for example, about 275°C to about

285°C. In one aspect, the target It.V. is between about 0.82 and about

0.92 dL/g prior to catalyst deactivation. This aspect is combinable with

10 any of the other aspects described herein.

The quantity of phosphorus compound or other catalyst deactivator

used in this process is effective to lower the amount of free AA generated

, upon melting the solid polyester polymer particles produced in the melt

15 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

20 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

25 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

30 a given Ti level, may be higher for water or dual-use applications than for
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10wherein R is a hydrogen or an alkyl group. The benzylic position is thus a carbon directly attached
to an aryl ring. This carbon is especially reactive due to resonance stabilization of a benzylic radical or

cation by theyadigsgidesagcarbon in the aryl ring. The aryl ring may be, for exeie g/ afagsy! ring or
another polycyclic aromatic ring such as naphthyl. 15Preferably, 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. 20In yet another
aspect, the polyamides AA scavergers comprise residues of adipic acid and m-xylylene diamine. In

one aspect, the polysld@PRICRLPBgcPnsERiE A ditionr afratalyshagPEMARE S pRYS Id
residues in amounts|tfyr pyesnme. wimhiens irReUhbBfaelectvalbPp aaibROJHEIA beoaddirnss 70

mole %, or at least 80 mole %, up to about 2585 mole %, or up to 90 mole /0, or up to 95 male %, or

up to 98 mole cY0, AAA¥CIE IVRRILS fSs/th Ipveldmtha RRR 3 AVRR ARRIGANPR pdRBmide

summing to 100 molg.v. |osHfrsiAthRe asRetibi e/a5Ys s share s grdtes thary/tWane diamine
residues in amounts, for example, of at least about 50 mole %, or at least 60 mole %, or at least 70

mole %, or & least g@"rﬁ‘ib?e’%?hﬁ'?@%ﬁt@ﬁ%e bropt aPiagiEal SiasdPint, Ho\od4a88B3%, or up
to 98 mole %, or up @ﬂé&mqpﬁpgbﬁéﬁWQ&Eﬁﬁﬁbw. the Hlditivmine sepith/point ikedRIvamide

comprising 100 mole%, with the remainder, of the amine residues comprising residues from one or

more other amines, ‘QRhMaY,stakhiederingevitl the A bengfitias alower thY JosaRidaNR

scavengers may inCligigraxgbeiaat Growmsis iftafrean a8act RRACEARIM AR pieRNfradiBitoaRitm
residues and from about 80 to 100 mole percent m-xylylenediamine residues, based on the total

amount of carboxylif‘ftid residues and the 15total amount of amine residues in the polyamide each
comprising400 mole percent. In still another aspect, the polyamide AA scavengers comprise from
about 95 to 100 mole percent adipic acid residues and from about 90 to 100_mé)le percent

m-xylylenediamine residued! BIRI63HHAIQBISICRHASN L idSEERG R GHLSRIFoati® the total

amount of amine 20¥agisvesraenst viddethAter poisieetiuRy By adided (9 dapleretaent. In
another aspect, the polyamide AA scavenger may comgrise re eatin%_units of ﬁ?%m-xylylene
adipamide) in an amﬁﬁg?tﬁ%frl%%%d%%ﬁénp@%&ﬁ{tcf LAIGAR Y BRRYRAHER IR, SHMEIEASES0 Fnole

percent, or at least &3etipte BEREEOLIMAT, Aike 25pABIPRte BlieeRér Ok reRst&P tvekean acidic
15 compound, like phosphoric acid, given equal effectiveness at lowering
free AA. For example, large quantities of phosphoric acid may promote
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

20 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.

25 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

30 compounds react or combine with all reactive metals present. The ratio of
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25percent, 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 residuagy @htiog 2ekkamide AA scavengers may comprise, for example, pRrig B0odIaig1ePpercent,
or up to 10 mole percent, or up to 5 mole percent, or up to 2 mole percent, one or more additional

carboxylic acid residues having, for example, from 2 to 20 carbon atoms, for example one or more
aliphatic carboxylic acid residues having from 7-12 carbon atoms, such as residues of pimelic acid,
suberic acid, azelaic acid, sebacic acid, undecandioic 5 acid, dodecandioic aci

, O
1,4-cyclohexanedicdnSi&SiRf RNGSRhEiS: 2gmRe {0 m@lﬁﬁl%fcmﬁﬁ"é@cﬁ@giﬁd@ iAW Rfrise

isophthalic acid, or trigghtheliciagd seridees. The anNRERIIOE 0bihka RRA¥E0TY Adk schygsers
may include 10up to 20 mole percent, or up to 10 mole percent, or up to 5 mole percent, of one or

more additional amirlelreif} Q?Fatv?nb from 2 to 16 carbon atoms. Examples include p -xylylene
diamine, 1,2- bisaminomethylcyclohexane, hexamethylene diamine, and mixtures thereof. 15 Itis

to be understood that the amine monomer used to prepare_t amides AA scavengers may not be
100% pure, And may cont@I‘Hh@H@ﬁoW%?%YSfBH@%n#tﬁgﬁgﬁmﬂ’%r‘n% ?Hgﬁgiﬁeﬁggiﬁg? the
predominant monomgipdhBciatadsapesfraid rgiexasboxy|sf acishdgprse@esmpolid prsyamides
AA scavengers of the invention may further comprise additional | nka?é{s?, for eﬁﬁént)le irBides and

i

amidines. 25Po|yanﬁ@é§%ﬁ’§(?£ﬁéﬁ%i inOttte. m%ﬁ{ﬁlcét,'?ﬁlﬁtﬂ By At OS2 808 &S of adipic

acid in an amount oirigafivé appadtGmpledactivatrigast bargunét X, Risakledsic’d Migh Mvelsat least
80 mole A), up to about 85 mole %, or up to 90 mole %, or up.to 95 mole A), or up.to 98 mole %, or up
to 30100 mole % wifPIRYRL ASRRNMALPHE FHIS BRR fééﬂ‘f@:ﬁo%f@? prior lo addition of the

10 catalyst deactivator. At some point, the It.V. loss may start interfering with
the AA benefit as a lower It.V. means more hydroxyethyl end groups that

can react with certain AA precursors to form AA.

At the point just prior to late addition of a phosphorus compound, it
15 is preferred that the phosphorus to titanium mole ratio in the polymer be
as low as possible. This preference imparts the maximum AA benefit. A
nonzero phosphorus to titanium 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
20 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
25 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).
30
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comprising residues of, for example, isophthalic acid or terephathalic acid up to 5 mole %, or up to 40
mole hi, or up to 30 mole %, or up to 20 mole /0, or up to 10 mole %, or up to 5 mole %, and mixtures

thereof, in egeh.6a8¢shased on the total Sdicarboxylic acid residues in the pab@pisRSsE¥gdng to 100
mole, and (b) a diamine residue comprising residues of m-xylyiene diamine 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 10to 90 mole %, or up to 95 mole %, or up to 98 mole %, or up to 100
mole %, with the remainder of the diamine residues comprising residues from one or more other

diamines, such as p-xylylertiigsiEabla o Ad ihpsaialt irartivatarnpatnthat denwithadtso mole

%, or up to 40 mole §rAEHBIAtR MRIEH asOIUAECHSESHB Y, o YRR IEhBuIRSHcidi®. 1arb mole
15%, in each case based on the total diamine residues in the polyamide comprising 100 mole%.

Examples include, bilig@spechnthedty- jeppdus iR tisraarioniBefwRaR e &1alv8tscribed herein
as "MXD6" ), poly(mgeddfnstetieifectiRutt Badite o ReMércyapeiby iers wrihBealamide),

poly(hexamethylene isophthalamide-co- 20terephthalamide), poly(hexamethylene

adipamide-ca-isophtfRdseRde) Al IRAtxXshethICRT EiS1sRE toPrNUFR R-MATR; djlute solution

poly(hexamethylenedseapsideaudrifraterenhishplaraidey aid thatltke eamertieomessivespecially
suitable polyamides include those having residues with a benzylic hydrog%e;n, for example polyamides

such as poly(m-xylyitf iS5 4ags Rt el e FRRFHIAE SRR RANESISL RAMRETMEN A poly(m-
xylylene adipamide-qcieeiyerotoqudetatiof ritddrepviricdicohdisedicore apdamgermolecular

weight of the polyamide AA scavenger is not particularly limited. The number average molecular
30weight (Mn) may BROIBFERA WIS éﬂgs?%mﬁgé, Ris 3 for RRAYMRE chain: Wstapgvent

Alternativelygthe MniphthReoehtariteipabtivatonay inecdlRee vitive, diliineesisdhept et iwast
5000, up to about 7,000, or up to about 12,000, or up to about 25,000. If desired, low molecular weight

polyamides may be [RBAKENRNCH HREHBINITHET: FBO UK Pbihe satalysHIRRSBRIGF 78/ 1®00 up to
about 12,000, or frorgs3661atedliR 00fbser dienkAdviat) the eh-phericptstusy ehiheepelmsd blend is

mportant, we believe et e Hat fie LV ade betord the ZXalyet deacivaton: i igher by O
transmission. ’
the amount of It.V. loss expected so that the target I1tV. can be achieved.
15
Once the polymer molecular weight is built to the desired degree, it
is discharged 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
20 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
25 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
30 the final reactor and before the cutter. In still another aspect, the catalyst
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10The polyamide AA scavengers include those described in U.S. Pat. Appin. Pubin. No.
2006/0180790, incorporated herein by reference in its entirety. For example, the polyamide AA
scavengersywgyseyesse adipic acid condensed with two monofunctional eggifs¥etiongd@gnines, for
example having a benzylic hydrogen, such as from a benzyl amine. The 15 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 molec %@%@Wdﬁ%éﬁ’cﬁqﬁ@‘ééal&e\/\ﬁﬁ%‘éﬁg sRputhepdhesreaied PSR omers

are monofunctional grdiipnGHaoaludeat fhe MRt WoIRRBPPBIPRTSHAsEIde 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 25during the melt phase

polymerization prior to solidififateanfemAidhicpeiedeéony Desdmienieratafied tBedoplgester

polymer in a_shipping container, or which is added at any point prior to remelting the composition to

form an artidle, and #PAFeRHRE heeecand iid steagmisJgidimitasty 6or so@ris ke dbed
during melt phase prgajbaAsesRHisetitbicand elRitivadnsprycase Hportion dhg sNiplt phase

product is processed to a desired form, such as amorphous particle& The shape of the polyester

polymer particles is fFEAMted RE AsReRtI AR SHiISAB AfeQlyaehmRitmRL REMIRAE  vithout
limitation on their dif@RsHHES pBIyLEIOFBRfinSIMRIE sSIREMEISISSPISEINig caliromi tab)finanped

pellets, conventional pellets, pastilles, and any other shape, but particles are distinguished from a

sheet, film, preformd CFRHRTIR 050 ligicalion o f RE SARVREHRATR R A HiEaReAtdaR

number 10qgerage mpotheusfip\etiehn eirbeHwitsiredsshiptstastienaily Wnithe. devomdstidanile
particles may have a number average weight of at least 0.10 g per 100 patrticles, or greater than 1.0 g

per 100 particles, andeD &yeWatrd backdatisdipatiaastoriRirrrm feBesiRAIh e polyester

polymer from the medopasempenaneishslit isniisehbegexaronehe aten realyrstenmasipefrom the
melt phase may be directed through a die, or merely cut, or both directed through a die followed by

cutting the molten pA§RRAL At Gaay BSrﬁﬁ?ﬁQ?'ﬁé%é@(ﬁ%@ﬁ%W%r%ﬁ%’ﬁm@t HBIRiET
polyester 20polymertisugihdhesitudesiona punspiedraeansfrom desnrdeindependent from

15 or other than the bulk polymer produced in the melt phase process (e.g., a

second polymerization reactor.)

Immediately following the finishing reactor and before pelletization,
the phosphorus containing compound of the invention may be added to
20 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
25 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.
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polyester polymer may be fed into a single or twin screw extruder and extruded through a die,
optionally at a temperature of 190C or more at the extruder nozzle. Once through the die, the polyester

polymer caryesAisweniato strands, contacted with a cool fluid, and cut into ReligiS: ek Mag1epPolymer
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, pastillators, water rigﬁ pelletizers, hot face

pelletizers, underwater pell&hANRtHRH 2ePEH. (e SRIRlSEACarivalR Y AtReSRMRAYIAR to
crystallize the polyefgeRRRIINEIHRIBREIN b RIMIINFEHERS HiRTMA S aipiizatigndn mema or liquid.

The crystallization may occur in a mechanically a%iltated vessel; a fluidized bed; a bed agitated by fluid

movement; an un-agiRetlsRBE@ksH RN RAYES I MRl Riveam Gritirg thafival of the polyester

polymer, preferably deASffororetBtsrapdnaeane kR vm Bl Erekiate fikcul fi8dPBRERET May
be strain crystallized. The polymer may also be fed to a crystallizer at a polymer temperature below its

T9 (from theXglass), it} theyfipal o Q5 etAipeintiefysihg slipsiteanris daker fromotheor

example, molten polieargrRsderanrtt RRAFfRAYMeaZERRIEANAY O BedadilRE BT thdissplate
and cut underwater, and then 15immediately fed to an underwater thermal crystallization reactor

where the polymer i@8A/EVEE Y RerRataineddn b 28FARd KA S158RMrer may be cut, allowed to

cool to below its T9, and then fed to an underwater thermal crystallization apparatus or any other
suitable crystallization apparatus. Or, the molten po%mer may be cut in any conventional 20manner,

allowed to cool to below its TRE AHHVRS Q5 eeaalstdractvator mavkeaddetdfication
technique ingegratestHeeraiting buitk pisyenarialicanonibyansipdiudny shebefriry Gioimparted to the

polymer in 25the melt phase manufacture to drop below the T9 before the polymer is both cut and

crystallized to at leadfEBVEGR @D AGSSERRGFPRYEnHPilionRll QRlrragtleborA R the molten
polyester polymer is gligitites g wahudisd Froratdhoiiealaitvengdapprpias s tipsniigrature and

greater than atmOSpgﬁ'reigrweisducgﬁfosnvg?%trgc\é\é%grrggaﬁ?pment, such as an extruder, may be

employed to facilitate mixing the solid additive into slip stream. The

15 ~extruder may also serve to provide an additional amount of mixing to the
slip stream. The extruder may be in line with the slipstream, or may
intersect into the slipstream. One or more optional gear pumps may also
be employed to provide motive force to the slip stream as it is enriched
with one or more additives. Optionally, one or more static mixers in line

20 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

25 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
30 AA scavenger (e.g., a polyamide AA scavenger) to the melt phase
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30cutter by the hot water and through a series of pipes to provide residence time to thermally
crystallize the particles in the hot liquid water at a temperature greater than the T9 of the polymer and

preferably afyapaikAsie 180C, after which the water is separated from thefygialligamsqasticles and
the particles are dried. In another integrated solidification 5technique, the molten polyester polymer is

cut underwater, the particles are immediately separated from the liquid water after cutting, the particles
are dried, and while the particles are still hot and before the temperature of the particles drops below
the T9 of the polymer and desira_ng while the particle temperature is above 14QC, the particles are

ly \ le te )
directed from the 10RIQEESHWRICh inpludes esterfiration mdrlveRpdarsationhn9eNaRifg bed
with a bed height sufiigieiAcialriy Bibsgiicheahdittbrddea 1A ghem ttherpainites o BRI iciRe.

preferably without the external a%glication of a heating medium or pressurizing means. This technique
\

is also known as lat&TtASt ds_etiveirhad etResh added MYithatsAdditians4i@ from
15Brookman Kreyensios Shiovis-comp oarite aiemrirfryatalisits s eiphe wally pidaask Foigeatat least

35%, or at least 40%. In a direct esterification process, the melt phase products are preferably

prepared by%dding RPINDRTESHCIES WHBIREREAME RN HICRID S rRISRAY BRI P AYMEHR
containing compoung{atel WithoR@ s isieReiBRest Badaaipsheaaetiviiesersuipsstelihiadsceptable

AA generation rate can be isolated and provided to a converter without the need for increasing their

molecular weight in 56/ \@RECH] ANIMANY SRR HIANFLAR LHAFRPRERIPHIAY the solid stating

step can be altogethge26ayatiee datealittsalpHbspeors @dnpoendor Neigesipartse sueleaglar weight
(and the 1t.V) of the pellets in the solid state, usgal%b at least 0.05 It.V. units, and mare typically from

0.1to0 0.5 It.V. units. HE RN NRYBIIFNEIdFS aldahydg lquelsiher, MAde I6iPm), the
polyester pplymer pyéRjestBrqsbigatbrsS Bating-ave by fiesei ol . RENpsssyetdnesiavRNiiam may require

removal of excess free AA. In one aspect, polyester toéy%er R‘articles having a very low level of free

acetaldehyde (e.g., IBROSRARYHEAARIEYY BRHMALE FARBRYERS ion elimination
of residual acetaldelpysigmBiycNERE-SRBiclns saenebigiteshitaun with mellaibaseditied witign process,

the residual phosphorus compound or when made from polyester polymers catalyzed
by a conventional antimony catalyst that is or is not similarly deactivated
15 late with a phosphorus compound. With late addition of a phosphorus
compound to the polyester melt catalyzed with an titanium system, it is
now possible to obtain a polyester polymer particles having low 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

20 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

25 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
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acetaldehyde present in the particles is reduced by conventional means or by a means as described
below. The amount of residual acetaldehyde in the solid particles is reduced by techniques other than

solid state pglyaRkAaHSNy Processes which are expensive and result in signiiiegptdfaledlar weight
advancement. Desirably, the residual acetaldehyde in the solid particles is reduced in the solid state to

a level of about 10 ppm or less, or 8 ppm or less, or 6 ppm or less, or 4ppm or less without increasing
the It.V. of the particles by more than 0.03 dUg. In this aspect, the particles are not remelted and
devolatized in order to reduce their level of 15acetaldehyde, nor are the particles subjected to solid

state polymerizationS&dh#fde 8% Aided 0PI themetion MORIng sparhing sed todmelhaRdhout
0.03 dUg. In still an@%g&o&@,ﬁb@@g} Plolpridi Y Atelakiphyde botine seifdmalyicles 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 20reduced to a level of 2 ppm or less. Any conventional technique for reducing the

acetaldehyde in the particlag, iarsiehlaspEriesttheaiHion, IRidaRsRSIORIMaK A tieghifiues or

other than by remelting/devolatization or other than the 25addition of a palyamide, or the_addition of a

polymeric AR scaveNEt Bicatialyst dractivaton rigsitRisAA figationand in Retdreristhaftebmposition
may have an AA cordgndifitAAdPwitnith prbeepdiead N withcastoin PONES Br aien penraees, and

prior to remelting, and without the addition of a polyamide, or a polymeric PA scavenger, or other

. ora
substance which 308haMCAPRiRREeNLRFHRe é?&@@&%tﬁégﬁm&ttﬁé‘%&ﬁjm procedure
described as part of §u®FRITHIRYRIRP BEESIEN SBR/ M OEAEIAESIN 268 BPosmidderstiibler at

however, on a larger scale, a vessel would reflace the qven. 5Another technique to reduce the level of
i

acetaldehyde in soli@ feMeRatiR ANLIRIA dmpREr iRl AR FEReIER R 80358 referred to
herein as apgtaldehylgstfisuinginsrRecfions ind fpeRQsHaeé Stdlb Rrarking theepeiyiaereference

in its entirety. By this method, the residual acetaldehyde of the particles is reduced by 10introducing
the particles into a vVESSSPX@TRIR 2BEE HeRAlRSIsliRalY mﬁf\}égaf'j?a ﬁfﬁ}ﬁﬂ?&};ﬁ’é( bed with a

stream of gas introdgeplétitonat “ANHRIEbEKTESNI8dS AbatEr vty reciiqieaatielanger hour,
A g e GranUIoS afe Separatod i the water in the granaraton process
and isolated, the polyester polymer solids are not subjected to a hot water
15 treatment, such as at 60°C or more for 30 minutes or more. Since the
catalyst is deactivated in the melt phase process through the addition of a
catalyst deactivator (e.g., a phosphorus compound) to the polyester
polymer melt, there is no need for further treating the polyester polymer
after solidification to deactivate the catalyst.
20
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
25 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

30 process is also not limited to the use of tank reactors in series or paraliel
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15 In a gas stripping operation, 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 RREislRE/IBBesSsel in a continuous or batchwise process, prefe iy R30606igsious
process. The temperature of the gas introduced into the PA stripping vessel is not particularly limited,

and can range from ambient to about 180C, but preferably from ambient to about 70C, or up to 50C, or
up to 40C, or about ambient. The temperature of the gas exiting the stripping vessel will approximate
the temperature of the Pellets introduced 25into the vessel. Thus, if particles are introduced at 100C,

the exit temperatureBrihhgHsRiPLEEBIRRt MRFEels forrachzane, oI S HTRESTANE IR the

vessel should not exgeegchssnaeimabAlrehsibinmDerdpoNriehehthamaditiesisragvanced in
the solid state by more than about Q.03 dUg. The residence time of the pgrticles depends on the

30starting level of rekEPREAUSR HePolrrRdensalian SeARteM R PIage BQR%yeneral, the

residence time ranggglffesh8enbatibirrdadior itl hadatarrmp epbeating \corditish S verainde,
nitrogen, carbon dioxide, or ambient air. If considerable IV loss occursR%n /or the color of the solid

polyester patticles v e ASBRHIHASAY "GRG IR RRT S aff el VR SEMRAtCILIRG RAtrogen or
another inert gas asdbftiifotRpressisy) may be preferable. In another aspect, air may be used at a
lower stripping temperature. The gas does not need to be dried, since the function of the gas is not to
dry the pellets but to strip residual AA from the pellets. If desired, however, the gas may be dried. 10

Dryer temperature, gas flovpfiesites polyhtepneciesidianeedight wib inttactHbeleirsg\deffes stripping
in the dryer feeding the extruder for making an article, While gas stripping, of acetaldehyde may also
occur in the dryer febt T AIEBRANES R FRITG 4R L1 Q0 RO ArETrRRI b SSRRISRg dfSuith
polymer particles alrgafgihphing=2ppoduct derd soiigifido aviteetalte ydeliopr @i reduce the gas

flow used in the dryer and/or improve the qualjty of the articles made from the extruder. Moreover, in
an AA stripping proc%%%t"‘lﬁ?aﬁ §SaY ﬁﬂ%ﬁfe@/ ﬁ%tﬂBIYH%eAH‘% ats m&@g,%ﬁ&y@ﬂén a drying

process, a stream ohdeesiddhisdeirsoipiedgiido dgsiab leoédaagyiarutblde igdecscingemgesiire on
or in the particles with the secondary adyantage of also femoving AA. Thus,,in an AA stripping
process, ambient ga%rﬁacfpﬁgyaﬂﬁié rgﬁ)}'?g%%@é@?é?é QA ﬁﬁ'%g}ﬁjhog%ﬁ th& one aspect,
the particles of the i@&y@'g@;hpmiﬂym@m dr\deireatingtits 06:0ldg after aatdaeouthyasisiallinity within a
range of, for_example, about 20% to apout 55% and havin Eéresixégl ace aldeh%de level.of, for
xampte, 2l oact aEUPSSIN YRS LS, RREUD HISHUE! O St S0 o SO SRR than 30
ppm, or greater tharc4fbpgdn #ehe AA scavenger has thermal stability or volatility issues, the

effectiveness 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

20 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

25 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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30fed to a vessel, preferably through the upper end of a vessel, as hot particles (e.g., about 100C to
about 180C) to increase the efficiency of AA stripping. The hot particles form a bed of pellets flowing

by gravity taygrshibgsasdiiom end of the vessel while a countercurrent flow gf gagS4eh@Rg@nbient air
or nitrogen is circulated through the bed, said gas 5introduced into the vessel at a temperature ranging

from about ambient conditions to about 70C, or from about ambient to about 40C, to thereby reduce
the level of residual AA in and/or on the patrticles introduced into the vessel. The particles are
withdrawn from the vessel within about 0.5 to 30 hours of their introduction into the countercurrent

stream of gas. 10wHidhak thesacetaldehydr s nelongeiPresertennolangss avalakiedat by the

pressure created fropjgiateasi@F aldsid Eisteephrtiticoperétged paaut 0-5 psig, or ambient
pressure. The level of residual acetaldehyde present on the stripped 15particles, that is, on the

particles exiting the stripping process, is, for example, about 10 ppm or less, or 7 ppm or less, or 5
ppm or less, or 3 ppm or less, or 2 ppm or less, or 1.5 ppm or less. The level of residual acetaldehyde
present on the particles fed\tetariehipfersraoesgjererbekngwhirintadseof sidinrethehase

polycondensation is generally aboput 3 20ppm or more, pr at Jeast 5 ppm, or,at least 1Q ppm, or at least
D0 o o1 3 loast JOATIRIES BAls TSR AR aS JFERSabIMeDSe. 1AL NiSronce i
the free acetaldehydd |8véel26614¢ RelleSs BRE6IRBB LS pH88 R ddse It B Se650t4BXhe vessel is,
for example at least abput m, pr at least 1 m, or gt least 2 m or,more, of at least 30 ppm
2501 mote.  The SROESTBTIHES RAAR Ao P OALBSIORFAH) oo ARRIRAIREaner S\eh by
blower, fans, pumps480dfilezllikebTHe 1E86MaYIGG and witesat &ishaticiptsiyamideisteustaagoss the
flow of particles throygh 30the vessel. The preferred flow af gas through,t f icles is
countercurrent to the Parac ésﬁb%ﬁ%gﬁﬁﬁg @é?%g%@gcgﬁﬂ%gﬁﬂ%%ﬁ?e%sgék@éﬁired point on
the vessel éfective tethylengtminimtieitrrmtatitchyitb (I0. S.eRatriNeAcxEh46hE, \aikor) tetbmpared
to those fed to the vessel. Preferahly, the gas.i tion ppint is to the lower half qf 5the bed height
in the vessel, and mBf‘gyﬁjgf&%eéy?tié‘hg%\%égﬁg%ﬁh 'BE‘E’%&QH%W@S’&?E&W&WB& h at least a
portion of the particlsiiéshe@icBabhathNoigh 380661 R Gzeoliteanedmpdimel H€d, BrdPatpidéerably
o . . . . :
B e BB S R BB U P NS4 BB ™ >
supercritical carbon dioxide (U. S. Pat. No. 5,049,647 and U.S. Pat. No.
16 4,764,323) and protonic acid catalysts (U.S. Pat. No. 4,447,595 and U.S.
Pat. No. 4,424, 337), and the most well known acetaldehyde scavengers
are homo and copolyamides such as poly(caprolactam),
poly(hexamethylene- adipamide), poly(m-xylylene- adipamide), and any
other compound or polymer having an active methylene group.
20
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.
25 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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10Some gases are more preferred than others due to the ready availability and low cost. For example,
the use of air rather than nitrogen would lead to significant operating cost improvements. It was

believed thayihe)yseseifitrogen gas was required in operations which passa1ek i@k gas through a
bed of particles at temperatures above 180C, such as in a 15preheater or solid-stater, because

nitrogen is inert to the oxidative reactions, resulting in pellet discoloration, which would otherwise occur
between many polyester polymers and the oxygen in ambient air. However, by keeping the process
temperature low such that the gas exiting the vessel does not exceed 190C, particle discoloration is

20minimized. In onlSRRSTAEa SUSHANE SO PR AR IPYYBES Pless than 85 vol%
nitrogen, or less thagsibKptiersirREche lBateibed aepem shamaasopeiEnmigedaain 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 VA5@K&A8SIEssel is located), or 25air 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 necesgary to dry the gas since the object is to remove acgtaldehyde from the particles. Any
vessel for cGhtaining particl%tgeamlI&HW@@%%%’ﬁﬁgﬂaﬂﬁc@ﬁQ%ﬁ@ @?ﬂ% ﬁi&’v@ggel is

suitable. For examplaclhges ithpeeytted aredsseidpalitoctt eash oyt farghterpoty miets’oatiae
polyester polymer particles, an outlet for the gas, and ap out rticles. The vessel is

tlet for, the 5finished
preferably insulated TR REPRERRMHAPYLE AN ALHDR Weﬂ%‘g}ﬁ@étéﬂ?jlzgi@é’ﬁ%ﬁﬂocated

below the gas outlet(ang thedRetistxyie acitetimpyuvid) Wieoan ariekaus stivtiskzisdet being toward
the top of the vessel and th?aa‘é inlet and finished particle outlet being Watl;%\g[]e bot%gf the
vessel. The gas is dERPME I Fodd HATHRS RRDBRAYNMi PIHN RSN RCLFORR BY 'desirably

at about thegower 1tiehthe feadhgtokictati (ngaseind ridstsleschiehigided eadteduced at the
top of the vessel, and moyed by gravity to the bottom of the vessel, while the gas preferably flows
countercurrent to thgvgne%'ﬁ’csﬂ"g?%héopéﬂglé W&&Wecﬁémaég‘gc@[ﬁaﬁmf@ﬁ%ﬁﬁm fessel to 15
form a bed of particlgakageshenasétiansmuicinaceasidans) tTadepolyanhidie igaypicalygavity to the
finished particle outlet aéthe bottom of th veSﬁ?EI. The bed heﬁ;@h IS néJt IimitE{d, but s preferably at a
substantially constafi#f &{Ht‘?ﬁ'ﬁ(’?&ﬁtﬁﬂﬁ?b@ﬁ §J0ORAMELURUS IR B8 RANTREGRAL HE vessel
containing the particiapddéialy Hieasigedingtaenthamarrasgedippacitoakifashionn dPpheintde LID of at
least about 2, or at I%&?t 4, or at ) ) )
15 scavenger" as used herein also includes low molecular weight
polyamides 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
20 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
25 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

52



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 phedesaRlysp9ffinuous in which a stream of particles continuouslyfiqVys zriam e particle

inlet to the finished patrticle 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 30lower the amount of residual acetaldehyde on the particles exiting the vessel as
compared to those introduced into the vessel. For example, for every one (1) pound of particles

charged to the vessdNgRH¥meshlemle Manrmearsdinstioralized wihHokesthan et least about
0.0001 standard cubi Bk BURHEdSHS M) SaibeAshAderk&Entd P Slpashide005 SCFM. High

flow rates are also suitable, but not necessary, and the gas flow rate should be kept sufficiently low to
avoid unnecessary energy consumption by the gas pumps, fans, or blowers. Moreover, it is not

desired to unduly cool the RaRisMSEtHE HiRiRR HERTORRSAUS YR AL EARRRCORRIRAEF, both of

these objectives typically requires the use 100f high gas flow rates. In addition, if sijq__nificant cooling

occurred, the rate of (HATBRYFISS PRy IPRMAE: & atbes draressyohdunctinralitt I temperatures

to achieve the samedgueh SferaFid erhive Eoip dnshashapiHelede! e Sadifion 62t ingdarably not
any higher than about 0.15 SCFM, or not higher than 0.10 SCFM, or not higher than 0.05 SCFM, or

15even not higher tHAMI0E ROPAMEFLVERNSIENGYRRIRMINEHARRMRItYEe S JPREXATRIEMl

process conditions tgoaiRéTizp MipBAAFRRIIANS sdiscelRjal aneiliptaifcitmg- MrapidhreRasticles,
and remove acetaldehyde 20while keeping the production costs low are to introduce the gas at

ambient temperaturd"fROYRPHARRA RARKEAGEHRHEP Asuthe BirtecHiMoveigt@Mdo a vertical
cylindrical ygssel at gigpariayn inteh@poRenEP BISRE U bt Mrietririiiz@ dUitR aidveraaA Ib/hr

of PET. The size of the vessel is such that the residence time of the pellets averages about 10 25to
about 24 hours. two amine groups may also be condensed into the polyamide AA

scavenger to impart cross-linking.

In one aspect, the polyamide AA scavenger is a reaction product
15 containing amide moieties, preferably in an amount of at least 50 %, or at
least 70 %, or at least 80 % of the linkages, represented by the general

formula:

O H

20
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

25 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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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 30R@yeRigHsysaduct, for example in the form of pellets, which not gsghtAR280%dRGkHre the
expense and increased process time of solid stating, but also contain less AA and generate less AA
during future processing. If yet higher It.V. polymers are desired, the molecular weight may be
increased further by solid stating. While this additional process step does involve 5extra time and
expense, this is partially compensated by reduction in overall polymerization time in the melt phase.

| !
Moreover, solid stating will {0r8RatRAed asPER. Ahe Rrhamide£0i85AVERaSIHCANARSAGHME olorize the
polymer may be 10agAs IR HeCgRtlbJrshith Bty DB i eIs Adethifichie ghalignorder to

reduce the b* of the resulting posgester polymer melt phase groduct. Such bluing agents include blue

inorganic and organfeRANAACHSiaRilERd Ry 3prRIBCENLIR BPELARORIRTthAS S lor. Organic

toners (e.g., blue anghefyIEIRNHrdUPRI MAUER FothoeripreTaINneGiers HyarbgenBandlos.
5,372,864 and 5,384,377, which are incorporated by reference in their entirety, can be used. The

organic tone?s may BEREYISAWRHYERaRRRiRHUINg ShassRiEsRREINShe ) MMRG e at blend of
the red and blue corgpeiengie ANk IRe SHEBoR AYLBE MeddissRIed or slurried in one of the
polyester's raw materials (e.g., ethylene glycol.) 20 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 15 ppm of combinegkorganic toner components and a

| amount of bluing additive typically
ranges from about 0.5 to about 10 ppm. The tane he _added to the esterification zone or to
the polycondensation zone. In one aspect, the tonerssare.added to the 30esterification zone or to the
early stages of the polycondensation zone, such as to a pregolymerization reactor. This is especially
the case if the toners are slurried in ethylene glycol, and if préssures decrease with progression
through the polycondensation zone.

10 wherein R is a hydrogen or an alkyl group. The benzylic position is thus a
carbon directly attached to an aryl ring. This carbon is especially reactive
due to resonance stabilization of a benzylic radical or cation by the
adjacent sp?carbon in the aryl ring. The aryl ring may be, for example, a
phenyl ring or another polycyclic aromatic ring such as naphthyl.

15 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.

20 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

25 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 polyester polymers of the invention and bottle preforms made 5from these polymers may contain
a reheat additive thus having an improved reheat rate, expressed as a twenty-ounce bottle preform

Reheat Impipgemgnkdgperature (RIT), relative to a control sample with ng¥epsalR@diiys. Thus, in
various aspects, the twenty-ounce bottle preform reheat improvement temperature (RIT) of the

polyester polymers 10according to the claimed invention containing reheat additives, may be from
about 0.1C to about 11C, or from 1C to 11C. The reheat additive used in the polyester polymer will
depend upon the particular application, the desired reduction in reheat time, and the 15toleration level
in the reduction of a* and b* away from zero along with the movement of L* brightness values away

from 100. The maximum aq}pgﬁbqﬁée}a@@te@g,e‘gmwmIMtngﬁg@rgrd@mﬁr@@mﬁﬂyi%reheat

rate, or maintenance in L*, a*, b* and ather color properties, which may vary amor)é%ap%icg ions or
Bl

customer requiremeAl8MIAE [FHIAEESHR AL JQAIRYRBR! LLALIESRI PR RUBIUBIYA & may
be judged using a trigtifBHtBOHABREHUE cr N @sstEOGHole dsb b satiiRathed- ik oy anges from O to

100 and measures dark to Iight. The a* value measures red to green Withfﬂ%\f‘%ve values being red

and negativ® values3eEhSPHBYE VA1 1R 4 FRLMRIR P tObHR tRifie\D 2O B 8e values

and blue 25negativeryg|ees, or UpHOrDOIRBIEWET Brsicasd baseiromtRsitupansine greater
detail in Principles of Color Technology, pp.25-66 by Fred W. Billm %/ﬁr Jr., John Wileﬁﬁgﬁfggs, New

York (1981), incorpdi@®iHRs D its ROMaRde comprising AQ0male e %‘betg%rr 37

measured on twentyteeRERiIREHESRIGEY B6rap ek g pesitRishRGITEaERT BRandTe. stinse ansifasaply at
least 65, and more preferably yet at least 70, Specifying a particular L* brightness does not imply that

a preform having a pHERASRAEWIENSERBIUNG ctional thickness is actually used, but only that in the
event the Lfgs measured, the polyester polymer actually used is, for purposes of testing and
evaluating the L* of the polxester polymer, injection molded to, rré]aééa greform having a thickness of

0.154 inches. 10The color PYakanstie,BRREELBSRAARY fNgeLRnay include a

copolymer comprising from about 80 to 100 mol percent adipic acid
residues and from about 80 to 100 mole percent m-xylylenediamine
residues, based on the total amount of carboxylic acid residues and the
15 total amount of amine residues in the polyamide each comprising 100
mole percent. In still another aspect, the polyamide AA scavengers
comprise from about 95 to 100 mole 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
20 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
25 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

30 percent, or up to 10 mole percent, or up to 5 mole percent, or up to 2 mole
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ounce bottle preforms having a nominal sidewall cross-sectional thickness of 0.154 inches, is generally
indicated by an a* coordinate value preferably ranging from about minus 2.0 to about plus 0.5 or from

about minusypGipsalkesdpplus 0.1. With respect to a b* coordinate value, it isc9genasally [ggsired to
make a bottle preform having a b* value coordinate ranging from minus 3.0, or from minus 1.5, to a

positive value of less than plus 5.0, or less than plus 4.0, or less than plus 3.8, or less than 2.6.. In yet
another aspect of the invention, there is provided a beverage 20 bottle made from a preform
comprising the inventive polyester polymer, wherein the preform has a RIT of %%or maqre, and an L*

value of 60 or more.RR'GENLRRSPLEINE BFHlaRILARROHIC AR FESIYES RRYBJET 25 bottle

made from a preforna ¢MPISIBANE iV 20tverBel attehd FoMmsamprRIIRes preealipaatcRIT of 5C
or more, and an L* value of 60 or more., In various_ other aspects, there aéﬁ %rﬁovidegi la%O%lyester

polymers, 30whetheFHRAI AGCH LgaldueMAYNG,ERR 4r4ATE OR-RIOMSo $1S"

reheat additive, and gffireéNichecRIckupFiOHORN F2sTatbabidy Selridio oIe ehageandigiorm L* value
of 70 or more, or 79 or more, or even 80 or more, and an RIT of 10C, or at |east 5C, or at least 3C.

5Reheat additives ad$idy M@mm@ﬁﬂyeﬁéﬁbﬁﬂﬁlﬁ@mﬁﬂi%?fep iR Qt88 carbon,
carbon black, antimegapawealtHen cappeLyliciWeid eesidrsd afiintapiiiseris btk s adleomnd the

like, as well as near infrared ahsorbing dyes, including, but not limited to those disclosed in U.S.
Patent 6,197,851 wHiRIFRMRNGBRIELPRIIGP by 10reference. In another aspect of the invention,
titanium nitride particles may be added as a reheat additive at any point during polymerization of the

PET polymers, or afterward, including to the estef#fication zone, to the polycondensation Z%Pnge
comprised of the prepolymeroABRR ERIGHRSHRIGVS REI¥EBIY5H O 1 S FRYGRIBE MG REUSRd at any

point betwegn 150r ypeo R rfsie peesedhdiiigniom iR pistes, BAMERIROIMBIIpErsent,
solid-stated pellets as_they are exiting the solid-statin(% reactor. Furthergjore the {iéaniugn nitride
particles may be addiPRPtRE B Fdtonal ARttt AvES AAwng M i E&BRMolding

machine, or may be gerispERiRhHpled iadudelipnxpaidng diaetiiee. £,2¢ 20clarification, the particles

may be added in the melt phase or
Y I bisaml?nomet%yﬁ

(c):y%r?ohexane, hexamethylene diamine, and mixtures
thereof.
15
It is 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

20 monomer.

The polyamides AA scavengers of the invention may further

comprise additional linkages, for example imides and amidines.

25 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
30 100 mole % with the remainder of the dicarboxylic acid residues
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injection molding machine without solidifying and isolating the polyester composition into pellets. Thus,
the particles can also be added in a meltto-mold process at any point in the process for making the

preforms. Inggshopigdiee at a point of addition, the particles can be addegpaggs2peyHa" 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 30divided form, e.g., from about 0.01 to about 200 pm,

preferably from about 0.1 to about 10.0 pm, and most %eferably from about Q.2 to about 5.0 pm.
Suitable forms of black iron oxCRMREISIY IRRIAHES S iRk EX AT RISy RAREBRIGREIR Ohite. Red iron

oxide may also be used. Such ¥islssatialfieasiPag. o saaerle, 6nHRESAG Aokt 90l igpent
5Handbook, Vol. 1, copyright 1973, John Wiley & Sons, Inc. The specific reheat additive, as well

as other additives (e.g., polyme® BIRIR 2 S5IVPDs04R0ke JoreRyPitR IR SR MBI HR IR

polyester polymer of the inventigglags, BAYENIAIAES tREHESTChasadle 4@ Ia s dnsnplyastan
polymers and products formed these inventive polyester polymers. To correct for this color shift, an

adjustment M the amount of cdliFamYig feqideRin iReRIYRde SummREtn!uce a

polyester polymers and correspgidingnigroducts to meet the requirements of the end use application.
15 Other components can be added to the composition of the present invention to enhance the

performance properties of ) flRRINEISSIALE pomaKisiRgisesiduesiobmdent HiamipR iers,

surface lubricants, dgARsing Fer kivaripieXisealfe 48T aH6 &t 5ghth alks b bigat Y6ass S RO MNRLS,
nucleating agents, other reheat rate enhancing aids, sticky bottle additives such as talc, and fillers and

the like can be inclu@s@t 18RS IR FBRIG s BF HideekBRITRIEN R HBIBARAY AR 2RIGI T8N M Pontain
one or morggUV absgslgogwsIBRe LodaPtdEstieie 56ielanehindmdié 35, rpnd oorwrmkied by

reference in it's entirety . L . . .
%, with the remainder of the diamine residues comprising residues from
one or more other diamines, such as p-xylylenediamine or hexamethylene
diamine residues in an amount up to 50 mole %, or up to 40 mole %, or
up to 30 mole %, or up to 20 mole %, or up to 10 mole %, or up to 5 mole

156 %, in each case based on the total diamine residues in the polyamide
comprising 100 mole%. Examples include, 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-

20 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

25 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

30 weight (Mn) may be, for example, at least about 1,000, up to, for example,
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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 thermalky gtafig @b pplyester processing temperatures, absorb in the rapgq-gihnloasagout 320
nm to about 380 nm, and are difficult to extract or nonextractable from said polyester polymer. The UV

absorbing compounds preferably provide less than about 20%, or less than about 10%, transmittance
of UV light having a wavelength of 370 nm through a bottle wall 12 mils (305 microns) thick. Suitable
chemically reactive UV 5absorbing compounds include substituted methine compounds of the formula

10 wherein: R is hyd?Bgeh 421800 Aliginativaly the M aidhe rRIVANIds ASYRET MBY G &

cycloalkyl or alkenyl|eist BP0 G IsH RAREBBD0S Wit aefeBlSPEtEREH RAIY V00! YRR
polymers, 15each optionallal having some oxgpropglene or oxyethylene units in the polymer chain as a

block or random coRARHER 2RPReRHYPAR iR desiiednlomameleriiabrelalt weight

ranging from 500 to ggiPARhides may Bé issRAioUeE rahgeofidR auehitez0nkyh fbrh goay@palkyl, all of
20which groups may be substituted; R2 is any radical which does not interfere with condensation

with the poly®ster, sTOMEIIRREHAM AP LU @RAUIHA, 008N or fEsmid/PEP4R,+0.000, orR3 js
hydrogen or 1-3 subgiiveR s lCreddmMiasticaLiatityi e @@H&kﬁ@ﬁkﬁ@%‘iﬁh‘%ﬁ“ﬁ?w&”d

halogen, and P is cyano, or a group such as carbannyl, aégé, alkylsulfonyl, arylsulfonyl,

heterocyclic, alkanoPelg@dvatingiyseaf puupelecy'aweighinrlamidermay interaee

compounds are thoggg¥ {ighalghvetfarsnirgibRrein: R2 is hydrogen, alkyl, aralkyl, cycloalkyl,
cyanoalkyl, alkoxyalkyl, hydroxyalkyl or aryl; R is selected from hydrogen; cycloalkyl; cycloalkyl
substituted with one or two of alkyl, alkoxy or halogen; phenyl; phenyl substituted with 1-3 substituents

selected fram alkyl, alkoxy, Tiéogslyanfiae egda0efgers include those described in U.S. Pat.
Appin. Publn. No. 2006/0180790, incorporated herein by reference in its
entirety. For example, the polyamide AA scavengers may comprise
adipic acid condensed with two monofunctional or difunctional amines, for
example having a benzylic hydrogen, such as from a benzyl amine. The
16 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
20 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
25 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
30 solidification which is effective to scavenge AA.
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10cyano; straight or branched lower alkenyl; straight or branched alkyl and such alkyl substituted with
1-3 substituents selected from the following: halogen; cyano; succinimido; glutarimido; phthalimido;
phthalimidingio2zopsfigasdeno; cyclohexyl; phenyl; phenyl substituted with allpdralkoxs/dalegen, cyano,
or alkylsufamoyl; vinyl-sulfonyl; acrylamido; sulfamyl; 15benzoylsulfonicimido; alkylsulfonamido;
phenylsulfonamido; alkenylcarbonylamino; groups of the formula O -N C - CH 2 0 20 where Y is -NH-,
-N-alkyl, -0-, -S-, or -OH20-; -S-R14; SO2CH2CH2SR14; wherein R14 is alkyl, phenyl, phenyl
substituted with halogen, alkyl, alkoxy, alkanoylamino, or cyano, pyridyl, pyrimidinyl, benzoxazolyl,

benzimidazolyl, benzothiazd)f Bt RNASERARMFLISIRECFRSRES @ esiradyTe, sysRRSsR15,

and -802NR15R15; whrigiRdvikopartelested e hiparyt, talk\p ot eIk sivRmitwadivieh Rategen,
phenoxy, aryl, -CN, cycloalkyl, alkylsulfonyl, alkylthio, or_alkox%; X is -CO-, -000-, or -SO2-, and Rth is

selected from alkyl aBEL, N0 SAVBGHAR FROWRRORK r SOPREA SRR RRIHCIGRY Isulfony,

10 alkylthio, and alkewyhaggdlivieridniondReirRiimaasiens, hednyding efaRMépherieiphalioidsnino,
dialkylamino_ arylamino , or furyl; alkoxy; alkox¥f€ubstituted with cyano or alkoxy;, henﬁ(gg; or

phenoxy su&tituted%hgir- <ofinicaly Shaned RelietsncP RSS! RelRtSn fSeAf¥ and 15P

is cyano, carbamyl, Mrgllotisertamapk ballpaiickesleredaisihduibhe@ifsiensoenadt, film,
N,N-alkylarylcarbamyl, N-arylcarbamyl, N;cgclohexylcarbamyl, aryl, 2-benzoxazolyl, 2-benzothiazolyl,
2-benzimidazolyl, 1, R ERfARaY@AYP QTSR Radiazol-2-yl, alkylsulfonyl, arylsulfonyl or acyl. 20

The number average weight (not to be confused with the number
10 average molecular weight) of the particles is not particularly limited. For
example, the particles may have a number average weight of at least 0.10
g per 100 particles, or greater than 1.0 g per 100 particles, and up to
about 100 g per 100 particles.

15 The method for solidifying the polyester polymer from the melt
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

20 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

25 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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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

compoundswishifdg 18ese where R and R1 are hydrogen, R3 is hydrogen opakexyedBdeepis 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 polyester composition comprises from about 10 to about 700 ppm
of the reaction residue of the compound /CN CH=C\CO2CH3 5 These compounds, their methods
of manufacture and incorporation into polyesters are further disclosed in U.S. Patent 4,617,374 the

disclosure of which RastBRARASMNPIRERGRGIsLRE s NPhiacR REJESIERS UBBNAIRS) may be

present in amounts pal@earalumy téntmngyed SOkiiermn by weight, preferably from about 2 ppm to
about 1,500 ppm, and more preferably between about 10 and about 500 ppm by weight. Dimers of the

UV absorbing compounds may also be used. Mixtures of two or more UV absorbing compounds may

be used. Moreover, because the U ' .
he me}{md and apparatus used to crystallize the polyester

5 polymer is not limited, and includes thermal crystallization in a gas or
liquid. The crystallization may occur in a mechanically agitated vessel; a
fluidized bed; a bed agitated by fluid movement; an un-agitated vessel or
pipe; crystallized in a liquid medium above the T4 of the polyester
polymer, preferably at 140°C to 190°C; or any other means known in the .

10 art. Also, the polymer may be strain crystallized. The polymer may also
be fed to a crystallizer at a polymer temperature below its T4 (from the
glass), or it may be fed to a crystallizer at a polymer temperature above its
Ty. For example, molten polymer from the melt phase polymerization
reactor may be fed through a die plate and cut underwater, and then

15 immediately fed to an underwater thermal crystallization reactor where the
polymer is crystallized underwater. Alternatively, the molten polymer may
be cut, allowed to cool to below its 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

20 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
25 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

30 cutter by the hot water and through a series of pipes to provide residence
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absorbing compounds are reacted with or copolymerized into the 15backbone of the polymer, the
resulting polymers display improved processability including reduced loss of the UV absorbing

compound qyg sgoRladesagt and/or volatilization and the like. The solid particlgsprQshésfeékihe melt
phase process preferably 20have an acetaldehyde generation rate, when processed in an extrusion

plastometer at 295C 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 295C for 5 minutes to make molded articles. Like all other measurement conditions

25stated throughout M€ &R dpapTaHYRBSaizehe Pafides inthehet iwtideyater AtAve a part of
the described featurgsphpspRRity §fdhfePBhaRahernRsT aie HSRMAEIANE SHNyattalesias a frame

or reference to determine whether a polymer does or does not possess the feature, regardless of

whether or not the pdi3thia 189ctu-Alfehxthich the walstdsseramted demithe rstalizadnt
conditions. The conqifipficied dRaGHepamtleiearariiet? Gradtisrintbgratiserendisiidn

plastometers, which 5have relatively low shear and do not melt poliester almost instantaneously.

Mini-injector have tRFENALSy theMelsR RelestesPR¥RALIS dgrwatarndpeirantinRes
conditions to producgrabfhdiiRenesifystRea4rdne e G ALE wiErattee OR§ISheFRAIRIES

mini-injector produces higher levels of AA generation after processing at 285C for 5 minutes than a

10CEAST extrusion $i& @ndoubilgthe, Rarticlesse sl gt 2 fe8 the terBR&IAtEERO the
particles that have bgefhepgetiviés drps Bbrsuofe CRialy thélprpivpalusiRR LA VR e e

particles produced by this 15process preferably have a reduction in AA generation rate of at least

about 10% or more, BRRIIEAGMPSFAHIRJR2BP YR (24 GothePATtiFeD AR RugERhireMiBR:, or at
least 50% qpmore, Arpbleasicds 0PhEe06 vERSSPANEIP AIIBWIE \tHENSAAICIBS AULTsHPRis AR DY
subtracting the AA generation rate of the particles with step bz from the rate of the particles.
bed with a bed height sufficient to allow the latent heat within the particles
to crystallize the particles, preferably without the external application of a
heating medium or pressurizing means. This technique is also known as
latent heat crystallization, and the process is commercially available from

15 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

20 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

25 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
30 ppm), the polyester polymer particles produced using the melt phase only
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20with step b) omitted and all else being equal, dividing that difference by the rate with step b) omitted,
and multiplying by 100. In another aspect, the level of free AA in articles, such as in a preform

(e.0., 20 oz ypeiougn)sossgbout 11 ppm or less, or 9 ppm or less, 25 or 7 ppsg-pite$esMiaadapm or less,
or 4 ppm. With respect to a 20 oz. preform, preforms are molded with an injection molding machine

barrel temperature of 275C to 290C, or at about 285C and a polymer melt residence time of
approximately 2 minutes or less. Solely for testing purposes on preforms, the injection molding
machine is lined out prior to callecting preforms for testing, that is, the first 30 shots are discarded for

an eight cavity mactifRCesi&fihsinvestion prajoramtifrresrerat oferressifigr R4vit) QRRY; that is,
the one cavity of Sthgspiait, iselpasticperaiErsanitied e Midhe at vehieshvsrel ptrsisally produced.

Of the 20 preforms, five are randomly selected to go in gne bag, five more are randomly selected to go

into another bag, anBCRBIERKES {ELfolatihag:H ART LA ERIEINRS hhaRRstalt-BBASERtion is to

keep preforms in the;tiRREAHEABLETSY S BIAtHE o Pty aEl AdeialaehydessEmial dneer to grinding,
the preforms are chilled in liquid nitrogen. The entire preform is ground, per ASTM F2013-00. The five

preforms in the first BRRISIRS R gotAineg Hemmhemet RiasmplodurtioanPracess (e LerRidHBdr free
AA testing. After gringiatalganjeie prosert inettepdridhesfieeeauvadi vyicsmentidnsl firgandor he five

preforms in the second bag 15are cryogenically ground, and two samples are withdrawn for residual or

free AA testing. Thelamplgans R drsrrioed.8 26h§-6518HHtiRfr&?ﬁiIGH?bﬂ?@lt?mg%ﬁ‘ple is
tested twice. With latReaggliidoparliadd Rsritide S BN sshifidadS o iy gsder SoRY SRgatalyzed by a

titanium compound, it is now, possible to mold aflf ester polymer particles into an article, such as a

preform, having frecPRYTBGEREHRN BRBERFSRR WEUCH A& EXBERRVEMEdRSHE g0 eed to add
AA scavenggrs or othgjidttywRsigatasityReEEODRIsiFaSY BReCierplyiaes dutHigistsydavimg both

low free AA levels and low AA generatjon 25rates without the presence of an AA lowering additive can

be polymerized to a gAY RARiEs s ssdreasbARE SPUY Riate do8 lavg of 2t JPPIHRSg, or at
least 0.74dL/g, or atjigastdt §paktoleat ansh G5 B tesy, Jrl2pphy SFAsidonathaiueiagr&adii.V.) in

the melt phase without the necessity for oli?r?erizing the polymer in the solid-state. Furthermore,

30since this type of B¥iys{ePhiIEdEES ADOER Harg B, 0vAL/@In this aspect, the particles

are not remelted and devolatized in order to reduce their level of

15 acetaldehyde, nor are the particles subjected to solid state polymerization
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

20 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

25 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

30 bind AA, or without any of the foregoing. For example, the vacuum
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enough for use in water bottle applications without the need to add A A scavengers and can be
polymerized to a high It.V., this type of polyester particles being suitable for dual-use applications: it
has the lowwé sipggasatiqn rate required for some water bottles and the higlpditvysgauiiesi&for CSD
bottles; therefore, one type of polyester particle can be used for both applications. While an AA
stripping treatment to lower free AA below 3 ppm prior to beginning the injection molding process may
be used, this AA stripping process would not be required to remove as much free A A as would be

required for Sb-catalyzed PET \gith a phosphorus compound 10added late. The need for and
length of the AA stripﬁfﬁ@ﬂ%@e esfEpbesRspan oLine SAor iR prsRarAtop i dhe fMhe polyester

polymer particles aftgefmatitidiasatat igetUERNIUNABIES NN §ePPEA BORIgEE e ke StV &h 15in
the particles, which may vargﬂiggﬁe&%inﬁ on the application. The amount of residual A A present in the

polyester polymer pa¥RYIk" €RYEB-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. 20 In
yet another %spect, the free A A of solig articles fed to a melt zogne may he, for example, about 10

ppm or less,or 7 ppm or le&¥IHNET Iquedogieducming leve! staretaldevde i $Rlitheasured on

solid particles or prefairtisles witheunathemsipgatiieid eelstomivedigit sdyoeri RO dbegnslyester
polymer composition i§ the test method ASTM # FE&)@-OQ. This test method s used to measure the

level of free acetaldéﬁﬁéqfi R ARTED 38 FcRIAe YRR HRPING RS IEREBRA dher form the polyester

polymer compositio SRYOGKD47A03 inesAsSoPAIBE IMIBNOUDE sisfarb nedrREiRCSAINY B8y this sample
is tested according to t ethod described below. 5The test procedure for measuring the level of free
acetaldehyde on a sHfipI&’ ﬁ@?'&ﬁiﬂﬁ%?\ﬁ'&?@&‘]ﬁ&m&mﬁﬁ’é R FRAYGRE RET™ # F2013-00

test methodOSamplaat&bdeWMigr@&ﬂddmm@%@ WiteynvVid sty ssaridi8sawitRingRh screen.
The el ground ma e R aCtg the Do with & Seam ol g8 introdaced ot s gnd) '
flow rate not exceeding 0.15 SCFM per pound of particles per hour, and
withdrawing finished particles from the vessel having a reduced amount of
residual acetaldehyde.
15
In a gas stripping operation, 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
20 continuous process. The temperature of Athe 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
25 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
30 starting level of residual AA, the gas temperature and particle mass/gas
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10weighed into a 20-mL head-space vial, sealed and then heated at 15000 for sixty minutes. After
heating, the gas above the sealed sample of PET polymer is injected onto a capillary GC column. The

free acetaldghy s ds searated, and the ppm of free acetaldehyde present ipchg SagsRlsigshen
calculated. The amount of acetaldehyde calculated represents the 15amount 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 20making a preform, the pellets are melted in an

53 %H{é'polymer

extruder prior to injet@iih Ridhimgers aletheesifry et HRBRIRSIHAE AR PRILIR

melt have the 0pp0¢ﬁ$§§é crRpdsifsRAEghierRIdEN eoresialiphy deitasgenaicanbetedieride,
measured on the solid 25particles. However, for purposes of measuring the free acetaldehyde
generation, the samBleARiIeHt Atfierl SANSIdsRPIRAY RSS 9GRUSRAR oaéiﬁrrﬁ%%rtﬂgt&%g&ipfree
acetaldehyde genergigife §téipantichie weroanecsigpifamtgrupbs R ipping inndergoagnvenelt step in

addition to a_prior melt phase polycondensation step, the sample is first tr"igated 30accordln§ to the

Sample PreparationtBPAPEERIY GicdsinsRifeRRD QRENAMRHIRE 935 50 (RS 9BH FRTROTHPASTM #

F2013-00 test metheddpbansirisabRMN e dMepRieESpetoHinenay Besgseldnat asivinerthe
5acetaldehyde generation rate, and if the sample had not seen a melt histlsoi(a;ﬁsubsequ?nt to melt

phase polycondensSHBRPING Isapgaiue ol IR GRS HREH BRtRFSIe b diedisha%BEmple to the

ASTM # F2013-00 teghciambiehe iRl AbPREIE EspaIts bastasiipresidieain) i érenheaéed in
an oven at 115C under vacuum (25-30 in. Hg) 10\X£th ad SCFI—IAé](ia:{(fgsn purge for at least 48 h.

Although overnight ®§1IESSwdlRESE eSOV RVEF HARIASMR% his extended oven treatment
also served go desorb to about 1 ppm or less the residual AA present in the high IV powder after

melt-phase-only synthesis and prior to AA generation testing, If pellets had not been stripped .
beforZhand of %ogt of Dryepr temperatgre, gas flow, Aeglccgnt type and residence gge will

impact the efficacy of AA stripping in the dryer feeding the extruder for
making an article. While gas stripping of acetaldehyde may also occur in
the dryer feeding the extruder for making an article, it is preferred to feed
15 the dryer with polymer particles already having 2 ppm or less of residual
acetaldehyde in order to reduce the gas flow 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
20 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.

25 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

30 fed to a vessel, preferably through the upper end of a vessel, as hot
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15the 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 akqyeqdé/tinding was not done, it would take longer and/or requisegdigfoiRsBeErature to
desorb residual AA from pellets to about 1 ppm or less, 20due 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 re&guce the resé%g
0

€ $acetaldeh de to the desired level.
Preferably, the 25acRRIRRRS I e\ AP IR (e AR, RPRYE % J%B?%?@géoﬁi% ICENAL R
preferably, not exceaghltBppipige VEReMBEgIRTeked horirh yse e pollists Tloevsrmpegveastihen packed

in a preheated Tiniugs Olsen melt indexeri_i%.k.a an extruFio _plastometer, usinac Slsteel rod. The orifice

die was calibrated alQRIR S BN E1S 5 theyrssel BrARYEREY BSO8Rt the

bottor:n, Whicfll waj t@aeww%ﬁ@b@hem'ﬁ?mrﬁd%@isgmlzbgmdamgm@n E@@bbémlesbﬁrﬁsﬁ 2259
weight was placed on top, of the piston rod to hold the rod down inside of the barrel., The polymer was
held at 295§ for 5 mmf‘?‘i‘\%CSHﬁ&Opﬁls YESSHA! A RS AR FRNGHS FFosR tﬂé%gﬁ&'tgﬁgta large

weight and operator gyaagisas W8bDUIREHE verFrons b at anfblenbisrebsio 40°PCetw/ dherdioyh. The
extrudate was patted dry, sealed in a bag and placed in a freezer,until the ASTM # F2013:00 test is
performed. Alternati\r/%fﬁj%eé%%%’(q\a%aé%?gﬁ'ﬁ WEG ﬁ%\kﬁﬁl&ﬁﬂ“‘f@ﬁ %f?ﬂ@%. AW‘AA
generation program fRdniéaies! tEeHlamiiieiare teithiesainr frofPORC/essNillittiutotitonselted
PET material in 5 minu{)es at a co?itam flow rate as defined in the firmware,of the insttument. As the

extrudate is pushed P BMRLTB At ENGHINHRAMTHON IR S fP YR LGS L SESAR RL9P% ted dry,
sealed in a1igag and \hfijllaaee Vesdetezat betpibsshfizéd #Htha praferatsigtisoperéssueded

Acetaldehyde can be generated in polyester resins with the Ceast Model 7027 Modular,Melt Flow or
any similar extrusiorf w&%&%ﬁi&ﬁgﬁ%ﬁt?mﬁwmﬁfe%ﬁ%ﬁ irlT ﬁﬁé‘?&?és'?)f’e‘?éﬁagly
because the 20automsépdtéthatiabdaf (08 pig uorerhtsdntpriesswasiability 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 Fiagdsvetift redidusihadestatiiaydeoptesiehton the stripped

15 particles, that is, on the particles exiting the stripping process, is, for
example, about 10 ppm or less, or 7 ppm or less, or 5 ppm or less, or 3
ppm or less, or 2 ppm or less, or 1.5 ppm or less. The level of residual
acetaldehyde present on the particles fed to the stripping vessel after
being obtained from the melt phase polycondensation is generally about 3

20 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

25 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

30 the vessel. The preferred flow of gas through the bed of particles is
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25barrel 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 holggipnes/ikesglatform extrudes the remainder of the resin out of thehgssahaabesdaveling at
a constant speed. These steps eliminate the 30possibility of variability in results from packing the
material through the final extrusion step. Variability in loading the polymer is reduced with the design
of the barrel, but loading of the polymer is not automated. Acetaldehyde can be generated in the
above manner over a 5temperature range of 265C to 38]50 The most cogsistent results are obtained

i DELFR pihe

between 275C and SOHBIEFRRTERL P Shemartirie don Fghy FGHER G results

when between 2 anthifodlicedat Ahg digeaidoint Hh ihaulessyaffe thiod esticaraaind lyetiad
distinction between materjals. For the AA generation, numgers stat?jld for this 10irf1%/eng'%51lé 2%5&: and 5
h?%m N 3

minutes were used. 2cetRdehyds; e RAMIISSSXIHRAVHE YERRRIATHCATRREH 4od

screening of polyestey figsinedseiaceraieelbie BrngLtimirodhctidm poitingslaoahaomnstsalf material
for evaluations such as molding of 15bottle preforms, As little as 10 grams, of materi be used in
this processsmaking"h?ot%%fpfB?'@éEiHbtr?;\%Eﬂ?:a't"t%ﬁi/3 ?é}ﬁﬂé@,e pre? rﬂ@ﬁ%ﬁ%ﬁ"\ﬁ%%o%ﬁﬁ%sible to
provide a feed of pohsstesighi "Ed g RewsaHfowghaittisakd stpiatisnypiehegimmidiebedpsequent
20melt processing step_ (e.g., extrusion/injection_molding) having both low residual acetaldehyde and a
low acetaldehyde géﬁgféf IY&@PHQO&@&E%%%L&%Y%% i?"p‘ﬂﬁ?g &% R &Y ﬁ%rﬁﬁyester
particles no longer hasdadreataetist!?d oot essiptatdle thedauwinrmeucBas uitabletfueade frioduce
polyester polymer particles having a |OEI leyel of 25residual acetaldeiﬂégﬁaéceé%%es than about 13

ppm). Instead, a pol{BVEBRARITEN ae}/ﬂ’é\@i’f@%qlﬁmqgv%??& SWW88%Md a low
acetaldehyflp genergignnegasuy\ape pldripeferracditnai pihase duedtiction efdlie aohirdititypolymer

B Pl P ekt P SkampTes (hY (oS SRR Mg Blgusden
to significant operating cost improvements. It was believed that the use of
nitrogen gas was required in operations which pass a hot flow of gas
through a bed of particles at temperatures above 180°C, such as in a

15 preheater or solid-stater, because nitrogen is inert to the oxidative
reactions, resulting in pellet discoloration, which would otherwise occur
between many polyester polymers and the oxygen in ambient air.
However, by keeping the process temperature low such that the gas
exiting the vessel does not exceed 190°C, particle discoloration is

20 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

25 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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30with a wide manufacturing window is feasible in which the addition of an acetaldehyde scavenger is
not necessary or desirable, which allows for the use of a conventional Ti catalyst composition, and

permits the {dyassaiRes of the polyester polymer to a high It.V. By deactivpgipg;igudbeaiiadyst such
that conversion of acetaldehyde precursors does not occur in 5the subsequent transfer piping after the

vacuum has been released in the melt-phase-only manufacturing process and during subsequent melt
processing, particles having low AA fit for making preforms can be provided to an injection molding
machine,. 10The particles of the invention are directly or indirectly packaged as a bulk into shipping

containers, which are thenSWpfRSE) tQlEoRtaIRipehartisiesand Rlgwirg-afesd afjgesrrd

crystallized particlesgaraiBie8ip€6 eheasef Brthe /el il uitaplid. SEie rivirezthedesparticles at
any point prior to packaging the particles into shipping containers. With 15 the exce{gtion of solid state

polymerization, the PARMARVasse havingableastadikelforgas: BRtUNEhIPEtBSs in-between

any of the expresse¢hspEste? NERIREEPAGICIEE afe st thewibimhppioatRtgoang 20sea or
air. Examples include railcars, semi-tractor trailer containers, Gaylord boxes, Se@% hulls, or_ﬁprg other
. t

container wiich is uSEisheARATIGE RN dNSIvESTRLIS PraiaEby hsylated R retaiRiBR s HRE typically

converter entities whgagqRIEhHIP tharfifishéd P aretasrasmstaife vexiiapyasiiesd Helow T shipping
containers contain a bulk of polyester polymer particles. A bulk oc_chies a volume of af least iabout 3

cubic meters. In preRaaulisland the BaAMGeRI&Rs B ABE QRS RuliehRRAPar IR ast 5

cubic meters, or at Igqek Herigiownaethe top Of BiROVRIRRS afidFltd ARG itrshedlyester
polymer particles comprising:  an It.V. of at least about 72 dUg or greater %r 0.74 du(%zor ggﬁater,
pf

501 0.76 or greater BAHSEPHYN BRI Hirotem af s 'p'g VBAS 4% UEtion,

10 introduced into the bed within the vessel at about 2 or more desirably at
about the lower % of the bed height within the vessel. The particles are
preferably introduced at the top of the vessel, and moved by gravity to the
bottom of the vessel, while the gas preferably flows countercurrent to the
direction of the particle flow. The particles accumulate within the vessel to

15 form a bed of particles, and the particles slowly descend down the length
of the vessel by gravity to the finished particle outlet at the bottom of the
vessel. The bed height is not limited, but 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

20 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

25 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
30 lower the amount of residual acetaldehyde on the particles exiting the
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a degree of crystallinity of at least about 20 %, or at least 30% a residual acetaldehyde level of about
10 ppm or less, or 5 ppm or less, or 3 ppm or less 10titanium atoms, phosphorus atoms, an

acetaldehydg @enRiiggorate less than about 20 ppm, or less than 18 ppm pefl@ss d&asheigoPm, or
less than 14 ppm, or less than 12 ppm, or a reduction in acetaldehyde generation 15 rate or perform

AA of at least about 10%, or at least 20%, or at least 30%, or at 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 20which have not been solid state polymerized. These

particles preferably N§5&¢| B8 GoamRaesl 4p these inirgdiced intothe veskelst EBLE 8ERIe Ok ast 60,

or at least 65, of 70 gyEK'EneT(TPBURESf Eéﬁ&@smﬁe&g@aﬁa ghenasssdinsseHulficiemataierably do
25no0t contain AA scavenggfrls By "finished" particles Is meant particles that have been subjected

by the particle manu#8&d t@tﬂﬁﬁ@’&@é@%@iﬁﬁ%%iﬁﬁ%ﬁ#@éﬁ 1BastRRREt D M38de ready for

feeding into dryer h%aﬁa%?@mmééwﬁéﬁrmﬁlﬂ@gsmhmpéﬂié%@botowww Braghine used
for convertirg 5particles into articles, without any further processing steps performed by the particle

manufacturdt.  THePshRBORSCEMoriigh HowEateR esalng aitaBlce bk Nt HAESSS A Dhy

conventional technica@s fHeogastAdioafe RbllidBe ptaufieicmly esietoanisie unnatatizan to a
degree of crystallization of at least about 20%, are fed to a machine for melt extrudin% and injection

molding the melt intGRREPLSYRUARAR BYHREGRIMYTR S A% BRI MEENMATBEGEJR or food

containers, or ratherribegdsipsdien mfadizq:daﬁfﬁé/@qﬁn@@agﬂr@wﬁhérp‘aﬂmmmgbqab Suitable
processes for 15forming the articles are known and include extrusjon, extrusion blow molding, melt

casting, injection maASRgVEmet e RlepRIReth ofthase pRisRBNGR JYRIEMY. (REHIBRINGH Sind

the like. 10 of high gas flow rates. In addition, if significant cooling occurred, the rate
of AA stripping may slow, that is, more time may be required at lower
temperatures to achieve the same level of residual AA in the finished
particles. The gas flow rate is preferably not any higher than about 0.15
SCFM, or not higher than 0.10 SCFM, or not higher than 0.05 SCFM, or
15 even not higher than 0.01 SCFM for every one (1) pound of charged

particles per hour.

Optimal process conditions to minimize oxidation reactions,

discoloration, maintain the It.V. of the particles , and remove acetaldehyde
20 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
25 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

30 polyester product, for example in the form of pellets, which not only do not
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Examples of the kinds of shaped articles which can be formed from 20the melt phase products and the
polyester polymer composition of the invention include sheet; film; packaging and containers such as
preforms, beiilesodeisesod trays; rods; tubes; lids; and filaments and fibers pBexgiagg/dilées made
from polyethylene terephthalate suitable for holding water or carbonated beverages, and heat-set
beverage bottles 25suitable 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. In anather afs t of the inyention, there is

provided a process f&qh’fé%imfaﬁﬁegé%ﬂﬂﬂig?ﬁé‘?ﬁﬁcﬁf&ﬁﬁ%ﬂﬂ"ﬁo%ggfﬁq SRS, B RS

having: an It VeoheiifeREsINALL 7 deHdia® IRECAT QUrdndUateTndeessing 6 et or at least
0.80 dUg obtained in melt phase polymerization, a degree of(ngyst llinity. of at least 20%, a res&dual

acetaldehyde level ¢HB85 VoPRYENers are desired.JhE ALYV Yo Sigase

composition 10comggiptér Bayioii RE6iRs. \Maleenisiaidriahst srersiaitepieesahiyotantaining
phosphorus atoms; and lacking added organic acetaldehyde scavengsers intp a melt

processing Zone an&XHA(YSRNPLYPEASE s i§ partially compen ated by reduction in

overall polymerization time in the melt phase. Moreover, solid stating will

further reduce the AA content.

In addition, certain agents which colorize the polymer may be
10 added to the melt. In one aspect, a bluing toner is added to the melt in
order to reduce the b* of the resulting polyester polymer melt phase
product. Such bluing agents include blue inorganic and organic toners.
In addition, red toners can also be used to adjust the a* color. Organic
toners (e.g., blue and red organic toners) such as those toners described
156 in U.S. Pat. Nos. 5,372,864 and 5,384,377, which are incorporated by
reference in their entirety, can be used. The organic toners may be fed as
a premix composition. The premix composition may be a neat blend of
the red and blue compounds or the composition may be pre-dissolved or
slurried in one of the polyester's raw materials (e.g., ethylene glycol.)
20
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
25 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

30 esterification zone or to the early stages of the polycondensation zone,
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15molten polyester polymer composition; and (ii) 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 W@ argipiediaying an acetaldehyde generation rate of less than pp@ris2eRpads 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 295C for 5 min.), or having a

reduction in acetaldehyde generation rate or in perform AA of at least 25 about 20%, or at least 30%,

or at least 40%, or at Ie%st 50%, or at least 60%,.relative to the, same comg%ﬁgiﬁg Withoué, e addition
r

of a catalyst deactivaidrD as 193RER] é'&?,f*ﬁaé'b‘%8|§%88t86|y QEH%SRR{? ?egaﬁ% in the

melt phase are madeoigenshipd Elivrieadmestipyiendeglycoh antioibleréssditeshizonelige vagissing zone by
having both low residual 5aceta|ci§h de{}agf]gd a Iclw acetaldehyde ggeneration rate without the presence
of acetaldehyde scalERF&E=SI?th Eﬁé’rﬂ 1B RPP¥RAdERRY Qfig zone. In this case, the

acetaldehyde generation isThegsoliesttar el yasicofehd insingitredmanttt € mrfoativnedwique
described at%ove to iﬂjé)aria meFIEt)él‘]TiXstorg to the particles. In this as ‘ﬁft tgﬁ rejidual 10acetaldehyde
can be lowered to [e¥&H lﬂef@ MEET08K 'b&sféﬂ?p%iﬁ§ bvﬁ RS aﬂt‘@&ﬁ%d from the
melt phase productiamprovedsehetdh eatehexptalsstdiascitaientacoiaacs bottke pligfonscRdheatt
artially inhibits the Ti catalyst residues in the poJymer frqm.converting acetaldehyde.precursors to
Beetaldenyde. 1n s BOEBESIRT RIS R B A s AT B<SHE OB Seire o HERLER) ot
solid-state polymerizethebiadditresteTbasljdlevanats Qypeetsptias eaantysyotives otk @ refonall
surface to center molecular.weight gradient and under s Jt.V. loss during melt processing than
conventional polyeslr&@.e %V@g%ﬁ ,eBﬁ%&paﬁ{a}gf%?gﬁi%{%ﬁﬂ%ﬁ?ﬁ%ﬁﬁg}%@gﬁage bot%les such
as 20carbot@ited sofacgindimgwetttiecidiesett dnveniéonorortsiniagickeat taditivesfiomagriskthe 1t.V.
difference between the It.V. of tthe#%gicle andjgtgét.v of the prgéorm and/or bottles is not more than
about 0.04 dUg, or i6PMGRMER b 631835 oM o¥ 8009 &R§1251In another aspect, the

molded article preferably lacks an organic acetaldehyde scavenger. In another aspect, ingredients

added to the solid polyestemperfislesapbidgitivel s @53 FoaRsRNpoipaiedevll dRipe e elipsiehyde

SCavengers. the particular application, the desired reduction in reheat time, and the

15 toleration level in the reduction of a* and b* away from zero along with the
movement of L* brightness values away from 100. The maximum 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

20 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

25 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

30 reference.
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In another aspect, there is provided a process for making articles comprising: (i) introducing solid
polyester polymer particles, having: an It.V. of at least 0.72 dUg obtained in melt phase

5polymerizaj@omoasiggses of crystallinity of at least 20%, a residual acetaldppydeshkeushodis® ppm or
less, residues of a polycondensation catalyst composition comprising titanium species, and 10lacking

acetaldehyde scavengers, into a melt processing zone and melting the particles to form a molten

polyester polymer composition; and (ii) forming an article comprising a sheet, strand, fiber, or a molded

part from the molten polym [kcorpg)osigo , wherein the article, 15 such as a perfoym 01 20 oz. bottle,
e g

has less than or equal to a ufd’ B Y&éﬁﬁ%&o éﬁﬁrﬂsomgﬁ%‘? ?ﬂ) GRS ppm
or less, acetaldehydboftieeprefouniisosicgd\denie thllyrbel dedateidieatabharoeagireddrap GASTM

F2013-00. The molded article is made using a harrel temperatwe sefting. of 285C and the melt
residence time of aplﬁ%%%%té?gmﬂ{ﬁt&?%é#gwgigﬂs@#de %Bﬁgfﬁ’é%ﬂi% IGY iglinvention
at a variety of injectiorightiisg dese Hetmppigithias apdefesitdcnarniyre paviaddc sijediiain molding
conditions afe given here only to proyide context for the 25numerical values spegified for preform AA
and not to Ii|$1it the irf/8RToIt0" épﬂgﬁ?'fﬁj&?ﬁ&f%?o‘f&fﬁgyck}ﬁamﬁ‘é ﬁﬂﬁrﬁﬁwgs,ﬁﬁr@&m e from
the particles of this iy eméiasunede theqstlgastemnpobeneh dotibdpasedispfert prapbseswf20% or at
least 30% or more, qr at least 40% qr more, or aj legst 50% or more, or at least 60% or more, relative
to preforms made frgﬁ%ttwg %ﬁ&%ﬁ@fbﬂ‘%ﬂ%ﬁt%é’%&‘ﬁfy&s ec,ra?z%%?ﬁ%de{% gp moﬂ]e to

make a preform having a thickness of 0.154 inches.

10 The color of a desirable polyester polymer, as measured in twenty-
ounce bottle preforms having a nominal sidewall cross-sectional thickness
of 0.154 inches, is generally indicated by an a* coordinate value
preferably ranging from about minus 2.0 to about plus 0.5 or from about
minus 2.0 to about plus 0.1. With respect to a b* coordinate value, it is

15 generally desired to make a bottle preform having a b* value coordinate
ranging from minus 3.0, or from minus 1.5, to a positive value of less than

plus 5.0, or less than plus 4.0, or less than plus 3.8, or less than 2.6..

In yet another aspect of the invention, there is provided a beverage
20 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
25 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,

30 whether in the form of a melt, pellets, sheets, preforms, and/or bottles,
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In this aspect, the level of residual acetaldehyde is measured on 5the article, such as on a preform. In
this case, a second melt history (melt manufacturing is counted as the first) need not be imparted to
the preformy@mple ginss® the particles were melted in the injection molding poaahkpeskiogrgsnount of
residual acetaldehyde present in the particles after drying but prior to injection molding should be
subtracted from the residual 10acetaldehyde value obtained in the perform. At the melt processing
extruder, other components can be added to the extruder to enhance the performance properties of

the pellets. These components ma neat to bulk ester pellets or | 15I| uid carrier
or can be added to tﬁ@%ﬂfksﬁél)‘?e Q?ﬁfﬁé&%&ea §Bﬂdvfﬁﬁy8g1§ﬁgcﬂ{gz%®§e aneaa Sast about
0.5 wt.% of the commmétﬁrtbelyaﬁe@twwb/mﬁf&thWHamG tfe7budk pmiyestnr?!ﬂm tyioes, of
suitable components include ystalllzatlonéﬁ %Z%I qdifiers ?l]urfa(fdgz1 nca%tf

agents, compounds, S-fiiie> e MPESi A aﬂt S g 55& T Aorars % nE%E'Eagents
reheat rate enhancing aids, sticky bottle additives such as talc and fillers and the like can be included.
All of these additives and nd thei well kn wn in rt an do not require
extensive dI§CUSSIOn. 25A n]%gégﬁggéfcﬂ%% qﬁgf%igg. Fd@ggﬂ\)é{faops i\/%sz%lrdea YARE[R the course of
polycondensation Qriﬂaﬂmdeftéorbef(bm‘pm aaﬂmh‘tedtmrblorarmbﬂmbm avitite dmy Ioditalf Hrgatalyst
deactivator is added late in th course‘isg % ndenj?élon or thereatfter but pefore SB%I]% h jcation, a
portion may be addetPBRRe SV iHe 23 %SSWEOR H]s"gﬁo 'rﬂﬂjgc {Sh 388 Sn?ite of
any early addition ofweticdalyrsatcinftareio absedsing layes) sclediny tbetaiotdimitbdsimdhgsstions, if
any, should be added.egrly. In.a e S elt contains c st deactivator added
considerably earlier &%ﬁé’%‘?gcgg‘g %13:& r%{]aéif%zm ertgrgk 3I%§%@8&ﬁ%§o¥ﬁﬁv r$(¥t be as
effective atl0wering réfeganesatiorarsdthes Qwésaufethetm\mfnbunt titledriatdtridepadicles more of
an issue as the percentage o otal catalys lvato added to late gddition, as defined
cattior, moreases. I ARNITE PSR e e L 8 TIL B, Ao FRr QUG ap SR et & mccec
during the melt phasmerBEé'spédymablngrthﬁqrmmlenqﬂutm@ttmﬂmedhemmmu hohaéatodhet of
catalyst deactivator is added to theép %este mer in aft{qast two ortlons at Iea t“‘ne in the melt

phase process for mBRIN %ge&ﬁ? 88@/ 85'8% 3 6881 s é?y o% 5t the polyester
polymer is solidified finidiniefpuotie totoreiiol dntheepdlietizihg pohe stedpal gmgrpeinttbadwiemg melt

processmg1t © or among these zones. The titanium nitride particles may also be added

to solid-stated pellets as they are exiting the solid-stating 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

20 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

25 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
30 divided form, e.g., from about 0.01 to about 200 pym, preferably from
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polyester polymer to make an article as conventionally done in an extruder or injection molding
machine for making the article. In yet a further aspect, the total amount of the catalyst deactivator is
added afterw@jisiiigatgz@nd before making the article, for example, duringpagliuRse6€66i1 Of the
20polyester 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 25particles to form a
solid concentrate of polyester. polymer patrticles containing randomly dispersed catalyst deactivator
compounds, after Wﬁ%%é‘éﬁﬂ:éﬁf?&f& Rt ﬂ@ﬂ@?bﬂf@é@@%&yﬁ)ﬂ@ %P%Igrétgrﬁgﬂféﬁe along
with a feed stream of|yesteSuitibRSRIrATAFIHAER bPAEXITE FRieigatnitcare b tlisgddirectly as a
neat stream, orin a slurré or.30dispersion made with a liquid carrier, t%?ether with a stream of the

polyester polymer p tieAng Eleghsraden Q8 MiRe MaYARRBeMRRY it aspect an
amorphous solid polggides Ry eseritsiel cfopxarapksashipyesBRB3aefPasasntvithout a

catalyst deagtivator added late, %i C{ystallizecigf%%c}\gew ky&nding gs catalyst 5deactivator with the
polyester poRymer b Eéhﬁﬂiﬁn g e GARYBAN TH 4he R NP RiPBF tHRSnjection molding
process such as that used to melt blend solid, liquid, or molten ingredients into a stream of polyester

polymer in an extruder, or that used tQ make a mqlged article by an extrusion .in the injection molding
process, or blending in any e??ﬁ?&% rf&?a;iég.éfimﬁisa&swg t?&@tgaﬁcﬁggl%gﬁﬁ%grymer particles
produced from a mepsghaserpnnssaoipdatsiateshigaRORY oSS Hisiar @i bake produced

with enough crystallinity to undergo an extrusion without wrapping the screw, that is, the polyester
polymer p%rticlgs ar@ﬂﬁ?&rﬁé&r’bﬂ%ﬂ%‘?%ﬁngd%? 9e ‘Q%P?%\é% "?o?tﬁog'@dgiﬂgrl‘??s?é‘llﬂ%&?on step.
15  In tfﬂ% aspectctierrobing ﬁexi%wpmmma%mmwmmtwﬂmwe? part of the
injection molding process, or it m ea arate st ior to injection moldjng. The catalyst
déactivator mayng()e iﬂﬁy&?&fjﬁg@ﬁ{% I?ﬁgiﬁq,ré?ﬁﬁ rp 4 &%Bb?igﬁ’c%ﬂ@é{ﬂ‘%\@.%lﬂ%uction
neat or in a liquid cagrbimpsifesidaine) (akdioalled' tbeertitadrein Mgyobey reguiraidies may lower
effectiveness. If the cata Z[Sgt deac 'vats?éis a |i%l1.lid and js added ne&t a mixer at ambient conditions

could be used to codt"t 8II§@QS(X§‘| L RQIYENSHRIANE PASPRPRRTV RIS tREeRt R0 olymer
concentrate route is ngpiiréhteetsofitiatertbpséeipplicatidie dry blended at ambient conditions with

the made- 15
Other components can be added to the composition of the present
invention to enhance the performance properties of the polyester polymer.
For example, crystallization aids, impact modifiers, surface lubricants,
denesting agents, antioxidants, ultraviolet light absorbing agents,
20 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
25 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
30 about 320 nm to about 380 nm, and are difficult to extract or
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exclusively-in-the-melt-phase pellets to make a 'salt and pepper' type blend. These same comments
and approaches apply to melt blending the catalyst deactivator with solid-stated pellets. This
aspect is paigulpdysissiul if the pellets are solid state polymerized. Incorpp¢atipshthg sigly st
deactivator in the melt phase may in some instances lower the solid-stating rate. If one desires to solid
state polymerize the polyester pellets, it is advantageous to add the catalyst 5deactivator after the
pellets have undergone a solid state polymerization process. In one aspect, the bottle preforms
made from the polyester polymer obtained hy the process of the inyentigp, will have an L* of at least
about 1050, or at Iea&?%?%?{)ggﬁélgsﬁrggf 3P 'Pé’if?%rlﬂo rep.ﬁESe'@tQ,/tﬂlésr% \@gpreforms made
from the polyester pebympoohtisipeefeyably provide lefstchmvertiout 20Phayeledy thainabbab greater
than about 5.0, or ng, greater than, 3.0, whi intaining an L* brightness o ast 50, or at least 60,
or at least 65, or at |é§§a%8{r§%‘%§°e 0#1&3@%9‘%?8%&’&%’ G809 aoigtf%\ oMy &“ﬁ?o? added
late relative to the titbottienvattim2 uaitsl (B0Bisricaomsktisidiot Buitabldohentisklyragiactisgdhen for the
amount of titanium metal and other metals present in the melt.. The ratio of phosphorus poles to
titanium mogs is 208@&?58\9%9%3995‘8 '6‘.‘1?531‘? M ﬂglé cbrgelt H?%F%%Bt%?%‘%‘, ?)%r east 0.7:1,
or at least 1:1, or at feasitdal. This invention can be further illustrated by the additional examples of
aspects thereof, although it will be understood that these examples are 25included merely for
purposes of illustration and are not intended to limit the scope of the invention. Experimental The
It.V. values described throughqRf this description are set forth in dUg units as calculated from the

inherent viscosity measured at 25C in 60% phenol and 40% 1,1,2,2-tetrachloroethane by weight.
Polymer samples are dissolhe solvent atg,e&\@eﬁfration of 0.25 g150 mL. 5For samples in the

Examples section, tHRCH yerC

AN

R? P

10
wherein:

R is hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,

cycloalkyl, substituted cycloalkyl or alkenyl, or a polyoxyalkylene

chain, such as polyoxyethylene or polyoxypropylene polymers,

15 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

20 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

25 alkyl, alkoxy, substituted alkoxy and halogen, and
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solutions is determined using a Rheotek Glass Capillary viscometer. A description of the operating

principle of this viscometer can be found in ASTM D 4603. The inherent viscosity is calculated from the

measured s@lotiposyiseseity. The following equations describe such solutiopdpxiseasiioec163

measurements and subsequent calculations to Ih.V. and from Ih.V. to It.V: riinh = [In (ts/t0)]/C 15where

20 num = Inherent viscosity at 25C at a polymer concentration of 0.5 g/ 100 mL of 60% phenol and
40% 1,1,2,2-tetrachloroethane by weight In= Natural Iogarithm ts= Sample flow time through a

capillary tube to= Solvent-blank flow time throu |IIar§ tybe C = Conc ?%{g@?n of polymer in
grams per 100 mL of solvent tﬁ @@P? gﬁwgrﬂ ﬂ&@'m'é IW n@ gpmfmlte dilution of

the specific viscositya@mtmc&ymlehétm@fmddnkaheiplwmwanowmah@m&h@y(belc) = linn
c_Ali (In nr)/C SOWh%ruet1;Iisrt1itt LTteIarc]jtrinSiC viscosity

5 Preferred methine compounds are those of the above formula wherein: R?
is hydrogen, alkyl, aralkyl, cycloalkyl, cyanoalkyl, alkoxyalkyl, hydroxyalkyl
or aryl; R is selected from hydrogen; cycloalkyl; cycloalkyl substituted
with one or two of alkyl, alkoxy or halogen; phenyl; phenyl substituted with
1-3 substituents selected from alkyl, alkoxy, halogen, alkanoylamino, or

10 cyano; straight or branched lower alkenyl; straight or branched alkyl and
such alkyl substituted with 1-3 substituents selected from the following:
halogen; cyano; succinimido; glutarimido; phthalimido; phthalimidino; 2-
pyrrolidono; cyclohexyl; phenyl; phenyl substituted with alkyl, alkoxy,
halogen, cyano, or alkylsufamoyl; vinyl-sulfonyl; acrylamido; sulfamyi;

15 benzoylsulfonicimido; alkylsulfonamido; phenyisulfonamido;

alkenylcarbonylamino; groups of the formula

I
c—Y
~
—N
\
’(I: — CH2
O
20
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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hr = Relative viscosity = tsito lisp = Specific viscosity = ir - 1 Instrument calibration involves triplicate
testing of a standard 5reference material and then applying appropriate mathematical equations to
produce thewecsppigmsdh.V. values. The three values used for calibration shafibeyiihissasange of
0.010; if not, correct problems and repeat testing of standard until three consecutive results within this
range are obtained. Accepted Ih.V. of Reference Material 10Calibration Factor -
Average of Triplicate Determinations The intrinsic viscosity (It.V. or lint) may be estimated using
the Billmeyer equation as follows: 15ljnt= 0.5 [e " x Corrected Ih.V. 1] + (0.75 x Corrected 1h.V.)

The reference for estimating intrinsic viscosity (Billmeyer relationship) is J. Polymer Sc., 4, pp. 83-86
(1949). 20Alternatively, thN vscesityNof thepalymer solutions is determined using a Viscotek Modified
Differential Viscometer. Ai escription of the operating principle of the differential pressure viscometers
can be found in ASTM D %225. The yncorrected inherent viscosity (Tlinry ) of each sample is
calculated from the Visco Modf;l» 1 Relative Viscometer using the 25following equation: ninn =
[In (P2/KRI)])/C whereP2 = Th «eésure in capillary P2 P1 = The pressure in capillary P1 In = Natural
logarithm K= Viscosity constant obtained from baseline reading C = Concentration of polymer in grams
per 100 mL of solvent 5

5 —NHXR15, -CONR5R15, and —SO,NR5Rs;

wherein Rys is selected from H, aryl, alkyl, and alkyl substituted with
halogen, phenoxy, aryl, —CN, cycloalkyl, alkylsulfonyl, alkylthio, or alkoxy;
Xis =CO-, -COO-, or -SO,-, and R+ is selected from alkyl and alkyl
substituted with halogen, phenoxy, aryl, cyano, cycloalkyl, alkylsulfonyl,

10 alkylthio, and alkoxy; and when X is —CO-, R4 also can be hydrogen,
amino, alkenyl, alkylamino, dialkylamino, arylamino, aryl, or furyl; alkoxy;
alkoxy substituted with cyano or alkoxy; phenoxy; or phenoxy substituted
with 1-3 substituents selected from alkyl, alkoxy, or halogen substituents;
and

15 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.

20
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?

25 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



The corrected Ih.V., based on calibration with standard reference materials, is calculated as follows:
Corrected Ih.V. = Calculated Ih.V. x Calibration Factor 10The L* or b* color can be measured on
specimens gyouiadsigsasg@wder or molded into a disc or molded into a prefopgandleusnoaissa bottle,
as explained below. A specimen is considered to be within a specified L* or b* color range in the
appended claims if the reported L* or b* value obtained from a specimen measured by any one of
these test 15methods 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 insid ecified_b* range as
RS Taite ehevk e

measured by anothd? WESIRIABMRAMIRLPI oM aRAthidAR apay RR58 BENR se it

satisfied the specifiefbateotrasidue kY frecdriipotesd 20methods. 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 25a powder passing a 3 mm
screen. For powdered samples, color measurememNs were performed in reflectance (specular
included) using a HunterLabMltraScan XE (Hunter'Associates Laboratory, Inc., Reston VA), which
employs diffuse/8 3 i 3 ew a%"é)_qu:\ re optical geometry. Results were reported using
the CIELAB scale with the D6 minant and 10&%35%?{ The spectrophotometer was standardized
regularly and UV control was employed and maintai Alibration following the HunterLab
recommendgtions. An optional glass port plate was installed at the 5reflectance port to minimize
contamination of the sphere. Powders were placed in a cell that is metallic gray, except for the glass
front. The optical-grafteegsomps uedssthdifromettieds aftroathdacti sy anddatanpbtbtigastatself is
0.092" thick. The sample area was 0.7.1" degp,,1.927 wi tall T, der re allowed to
settle by vibrating thggic,I| %séﬁer o?rfOQ sg{:gﬁ%%l%%?r?g'%?'aﬁggg%rey ‘Iil’ll- d%e&%?ﬁg?ﬁa%onal,
West Chester, PA). Widalias snoeltporatedinersiecofusiargaicest thbedidabsoehingt and covered with
a black opaque cover, A singl [l packin S u ell was r Ve ed for
three replicate measﬁ?énrﬁgr%%fgsﬁ engg lég%g%eﬁ@’l rﬁﬁ%ﬁ?\gg%%@%&%%ﬁgto gba&ﬂ 568&?

10 ppm by weight, preferably from about 2 ppm to about 1,500 ppm, and

more preferably between about 10 and about 500 ppm by weight. Dimers
of the UV absorbing compounds may also be used. Mixtures of two or
more UV absbrbing compounds may be used. Moreover, because the UV
absorbing compounds are reacted with or copolymerized into the

15 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
20 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
25 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

77



15average of the triplicates. 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 thisa5esagsds be taken when analyzing 20bottles from this metppg,pesindrBdigities 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 to evaluate the color
values. 25Color 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 MicroComgo nder/ Mjcrolnjector. In the caze f discs, a
HunterLabUIltraScan 3895%?1%%?&%?85@8 bIRESQIrdes AL RPERES IR LEFUE stacked

together (in a range pégurdiesyTiatiotASriarktidt dNeddlyeierasictualyiamattbrasrodausatiameter,
about 65-68 mil thick clear discs are prepared from the polyester sample to be anal iISC
preparation is done W‘éﬁ&ﬁtﬁ:ﬁ;ﬁ%ﬁ%ﬁé‘}f&ﬁ&&éﬁ%&@dﬂ%%‘?ﬁﬁ@f‘f’fﬁy%ﬁﬁf Tscth
nitrogen flow to the f8efifie’tapply 18 CRASTENMT HiIgs DisknaRrtitision)pristdmeters wA#R S5 C.
The 5barrel should he purged with materjal before attempting to mold any discs. The final discs are
prepared us%g an |ﬁ]@§t€)|’g€i@% Vel%‘f’ﬁﬂ?ﬁéi@'}g nR &E&PB&%#%%M%'H&P&P REQHENned at
a temperature rangeninkihdoreheaveuntnn sied asewpisiyesteragtivs nstmameausipemidnay be
used provided that the melted af these tem

amples ar eratures 10and extryded a sjated rate.
The Hunter abUtraSt EGE UG ARET RS 6 B0 e RPo S BRI RO Srcchith a 10
observation angle argargeawithsraecaspsstsysdipeole mitidajgeivepidducadeaighbe total
transmission (TTRAN) mode, jn which bath light transmitted directly.through the sample and the light
that s Toclffusely scRBBATARBRIFERNN AP ECRRS R AP e LD AR G EAN front of
the light sotifce, withGEASTE @xtavishtbtaktirastetidoss aften ptacedsmgrstzOBi@Ifee Sre light source.
Polymer crystallinity was E%eéermined using Differential Scanning 20Calorimetry (DSC). The sample

weight for this meas "is 101 mg. The specimens subjected to analysis were preferably
cryogenically ground. The first heating scan was performed. The sample was heated from

cpproximately 25 (0 290C gl o ale o 20CITINIS, LD BLR Velte ShNG A gpeting

a catalyst deactivator in step b) omitted, the particles produced by this

15 process preferably have a reduction in AA generation rate of at least about
10% or more, or at 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

20 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,
25 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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25the 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/gramy o tbhe Mgt percent crystallinity of the pellet is calculated aspiggwneihgasdakinelting
divided by 119, and then multiplied by 100. Unless otherwise stated, the initial melting point in each

case was also determined using the same DSC scan. The percent crystallinity was calculated from
both of: Low peak melting point: Tmia 5High peak melting point: Tmlb Note that in some cases,

particularly at low crystalliniy, rearrangement of crystals may pccur so rapidly jn the DSC instrument
that the true, lower melting gf?lllé‘i)fs{ ro%?é’t%%t@ﬂ.r ﬁ)%lplﬁ/?gﬂmbspgi‘ﬁt 'FN tfﬂ@r%é@@@n by
increasing the temperaichineispinale olitheierI6 dutleatirmnbrafomintoi BsstiatictisanoleneAirst
Perkin-Elmer Pyris-1,_calorimeter was used faor high- speed calorimetry. The specimen mass is
adjusted to be inver f%‘@ﬁcﬁf%ﬁé??@rlﬁ%‘{%%[n%@g%i%w 1"?ﬁ§rgﬁﬁrphlﬁvi’§ﬂgé§%%5ﬁnin and
about 5 mg are usecppéftRRS/ ans chylpicRIdITsirsarsipigle avityentolg cthad asdireon taviigrofvas
performed tq minimize the cyryature jn 15the baseline lternatjvely, percent crystallinity may be
calculated from the i()srﬁb@i"li;f/%mh %8@@%%%*@%%@%@&?%%%&Fﬁﬁef Ity testing
is performed accordipgtiuéed. MOP the020 ysefotittsy fivéirorandomiyaielectedTtoege it aheate of each

f the molded di termined as follows. The di laced ont t whi i
contact with the sanRB e TS B EI AR ARG PR AEAs B DL

beneath a pyrometeretathew fsufatlitbegiividihte ampt ratesticl, 1if. ndeddigc Thae tagivemiardisota fixed
distance below a lamp housing equipped with a bulb DYH projectipn bulb, 250W, 120 V)
operating at 60 V. T %Br%%%\ﬁ% ﬁ&%@&ﬁ%ﬁ&ﬁﬁ?ﬁﬁﬁéﬁ%ﬁﬁ@éﬁ SYRE LR IsdIRberature of
the lamp w46 approxssatial, PAdr td\deintaadinhetipesiOdiss areschillodtiliqlijdreitrsgshto the
pyrometer where the surface temperature (Tf) of the ¢ r f the side which faced the lamp
(front side) was recgrj‘?d%ﬂf %é’(fé) LRI qgnﬁ?ﬁ%‘%ﬁﬁfﬁ%ﬁ@%@oﬁ&%ﬁ% Bfﬁfﬁ’ﬁﬁ‘é)}ae was
used between consetbigtifiestdzig, alteioyvdecticallayrontel] dradlampdanples arowitHdrsing fdve next
sample. The RIT s residual or free AA testing. After grinding, samples should be kept in the

- freezer until it is time to test free AA. The five preforms in the second bag
15 are cryogenically ground, and two samples are withdrawn for residual or

free AA testing. The samples are tested per ASTM F2013-00 and in

random order. Each sample is tested twice.

With late addition of a phosphorus compound to the polyester melt
20 catalyzed by a titanium compouhd, 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
25 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,
30 since this type of polyester particles has an AA generation rate low
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5calculated by subtracting the Tf of the control without reheat additive from the Tf of the sample
containing the reheat additive. Reheat Improvement Temperature (RIT) of polyester polymer

preforms is {eashgadogsing twenty-ounce bottle preforms. In order to 10dejgrimradihhsHf each
composition, all preforms are run through the oven bank of a Sidel SB02/3 blow molding unit in a

consistent manner. A series of twenty-ounces preforms (with an outer diameter of 0.846 inches and a
sidewall cross-sectional thickness of 0.154 inches) are run through the oven bank of a Sidel SB0213

blow molding unit. The la ettings for 15the Sidel blow molding.ynit are shown in Table 1. The
preform heating tim& QhH ig'éﬁaégEgr‘? ?MH@W@?’%%&@%HS i&?%?’r?é‘?‘éd heaters
is set at 64%. %. A spyiRea§lve andleanss pahsndrizdts af iighduatizting typd bépisiirstut the

preform surface temperature was measured. 20 TABLE 1. Sidel SB0213 lamp settings., Heating zone
Lamps ON=1 OFF= ﬁT %E'ngsggmé?@/gy%% sUse applications: ihae heSowaRA ,

generation rate required for some water bottles and the high It.V. required
5 for CSD bottles; therefore, one type of polyester particle can be used for
both applications. While an AA stripping treatment to lower free AA below
3 ppm prior to beginning the injection molding process may be used, this
AA stripping process would not be required to remove as much free AA
as would be required for Sb-catalyzed PET with a phosphorus compound
10 added late.

The need for and length of the AA stripping process depends on
the amount of residual AA present in the polyester polymer particles after
melt phase manufacture and on customers' specifications for residual AA

15 in the particles, which may vary depending on the application. The
amount of residual AA present in the polyester polymer particles after melt 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.

20

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.
25 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,
30 powders, preforms, bottles, and any other form the polyester polymer
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composition may take. For purposes of measuring residual or free
acetaldehyde, the sample is tested according to the method described

below.

The test procedure for measuring the level of free acetaldehyde on
a sample, whether a preform, pellet, powder, or other form is the ASTM #
F2013-00 test method. Samples are cryogenically ground through a
Wiley Mill equipped with a 1.0 mesh screen. The final ground material has
a particle size less than 800 um. A portion of a sample (0.20 g) is
weighed into a 20-mL head-space yial, sealed and then heated at 150 °C
for sixty minutes. After heating, the gas above the sealed sample of PET
polymer is injected onto a capillary GC column. The free acetaldehyde is
separated, and the ppm of free acetaldehyde present in the sample is
then calculated. The amount of acetaldehyde calculated represents the

amount of free or residual acetaldehyde present in the sample.

For measuring the acetaldehyde generation rate on preforms, it is
sufficient to use this ASTM # F2013-00 Method as described above
without subjecting the preforms to a further melt history since by virtue of
making a preform, the pellets are melted in an extruder prior to injection
molding. By melt extruding or injection molding, AA precursors in the
polymer 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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which the sample is submitted to the ASTM # F2013-00 test method for

analysis.

Sample Preparation: For the purpose of measuring the
acetaldehyde generation rate, and if the sample had not seen a melt
history subsequent to melt phase polycondensation, it is prepared
according to this method prior to submitting the sample to the ASTM #
F2013-00 test. Samples of polymer powder (ground to pass a 3 mm
screen) were heated in an oven at 115°C under vacuum (25-30 in. Hg)
with a 4 SCFH nitrogen purge for at least 48 h. Although overnight drying
would be sufficient for water removal alone, this extended oven treatment
also served to desorb to about 1 ppm or less the residual AA present in
the high IV powder after melt-phase-only 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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90111 The preform reheat improvement temperature (Rh) is then calculated by comparing the
difference in preform surface temperature of the target samples containing a reheat additive with that

of the sameywglysagtifid¥ing no reheat additive. The higher the RIT value, the-highgshdisegheat rate
of the composition. The polycondensation reactions in Comparative Examples A, C, D, and

Examples A, B, C, D E & F employed a PET oligomer prepared predominantly from terephthalic acid
and ethylene glycol, and containing 10about 1.5 mole percent of about 35% cis/65% trans 1,4-

cyclohexanedimethanol and about 1.5 weight percent of diethyle ycol,. This oligomer has about
amout 5046 to 9506 CERREFRRIN BERRNbIOAS (AR N HR T h 22 N WA RS IRGRS

methods, via proton {3}y Bftitietinston aed @ biahs tAS foandoavatinsidxanthe Bdrasipaiyieondensation,
ground oligomer (103 g) was weighed, iniq If-Ifer,. single-necked, round-bottomed flask. The
Ctalyst empioyed SR AP S k2Ot 1oL A HiRiole SRS P A TR ERRY e sk

Red and blue tonersfregretiae et éoriled firsbairéle MMaoansgd awiyhit badlopgdaitéopessatye
Example A. A 316 L stainless steel paddle stirrer and glass polymer head were attache the flask.
for St himg AT SRS NP PURRS ALt R BAILEe Ao eR/agist il NEre
completed. The polygerirdéienwasgpattisdogsrased edder £bagand pladdd i a fesiomaitintaystem,

programmed to impli\rgefnl\}l 59?:5‘8'10%‘(9 t%rsrﬁé g g#(l)e; r%)e dWO 2008/150350PCT/1JS2008/006163

Alternatively, a CEAST Model 7027 Modular Melt Flow instrument
10 is used. An AA generation program is initiated that will maintain a
temperature of 295°C and will extrude the melted PET material in 5
minutes at a constant flow rate as defined in the firmware of the
instrument. As the extrudate is pushed out of the barrel and into an ice
water bath, the sample is collected, patted dry, sealed in a bag and
15 placed in a freezer until the ASTM # F2013-00 test is performed.

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
20 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
25 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

30 possibility of variability in results from packing the material through the
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Table 1 Stage Time Minutes Temperature C Vacuum torr Stir Speed rpm 1 0.1 285 730 0 2 10 285

730
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final extrusion step. Variability in loading the polymer is reduced with the

design of the barrel, but loading of the polymer is not automated.

Acetaldehyde can be generated in the above manner over a
temperature range of 265°C to 305°C. The most consistent results are
obtained between 275°C and 295°C. The length of time the resin is held
inside the barrel shows good results when between 2 and 15 minutes.
The range of 5 to 10 minutes shows the best repeatability and distinction
between materials. For the AA generation numbers stated for this

invention, 295°C and 5 minutes were used.

Use of this method of acetaldehyde generation and testing allows
for screening of polyester resins for acetaldehyde generation without
needing large amounts of material for evaluations such as molding of
bottle preforms. As little as 10 grams of material may be used in this

process making it ideal for testing laboratory samples.

In the invention, it is now possible to provide a feed of polyester
polymer 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
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acetaldehyde scavenger is not necessary or desirable, which allows for the
use of a conventional Ti catalyst composition, and permits the
advancement of the polyester polymer to a high 1t.V. By deactivating the Ti
catalyst such that conversion of acetaldehyde precursors does not occur in
the subsequent transfer piping after the vacuum has been released in the
melt-phase-only manufacturing process and during subsequent melt
processing, particles having low AA fit for making preforms can be provided

to an injection molding machine,.

The particles of the invention are directly or indirectly packaged as
a bulk into shipping containers, which are then shipped to customers or
distributors. It is preferred to subject the crystallized particles to any
process described herein without solid state polymerizing the particles at
any point prior to packaging the particles into shipping containers. With
the exception of solid state polymerization, the particles may be subjected
to numerous additional processing steps in-between any of the expressed

steps.

Shipping containers are containers used for shipping over land,
sea or 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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In one aspect, there is provided finished polyester polymer
particles comprising:
an It.V. of at least about 72 dL/g or greater, or 0.74 dL/g or greater,
5 or 0.76 or greater dL/g, or 0.80 dL/g or greater, obtained in a
melt phase polymerization production,

a degree of crystallinity of at least about 20 %, or at least 30%

a residual acetaldehyde level of about 10 ppm or less, or 5 ppm or

less, or 3 ppm or less
10 titanium atoms,
phosphorus atoms,

an acetaldehyde generation rate less than about 20 ppm, or less
than 18 ppm, or less than 16 ppm, or less than 14 ppm, or
less than 12 ppm, or a reduction in acetaldehyde generation
15 rate or perform AA of at least about 10%, or at least 20%, or
at least 30%, or at 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

20 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
25 not contain AA scavengers.
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By "finished" particles is meant particles that have been subjected
by the particle manufacturer to all the processing conditions needed to -
produce a particle ready for feeding into dryer hoppers associated with a
molding machine or directly to a molding machine used for converting
particles into articles, without any further processing steps performed by

the particle manufacturer.

The articles can be formed by melt processing the polyester
particles by any conventional techniques known to those of skill. For
example, polyester particles crystallized to a degree of crystallization of at
Ieaét about 20%, are fed to a machine for melt extruding and injection
molding the melt into shapes such as preforms suitable for stretch blow
molding into beverage or food containers, or rather than injection molding,
merely extruding into other forms such as sheet. Suitable processes for
forming 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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5285 0.545 =ramp 5 A molten bath of BelImont metal was raised to surround the flask, and the
CAMILETm array was implemented. In this array, a "ramp" is defined as a linear change of vacuum,

temperaturay ey %iig/saee6l during the specified stage time. The stirring systepiwas@isiorgaically
calibrated between 10stages 4 and 5. Typical conditions for polymerizations catalyzed by antimony

compounds were at about 285C and about 250 ppm Sb in the polymer. When terminating a polymer
sample under these conditions at a torque equivalent to approximately 0.80 IhV, the finisher stage time
was about 58 minutes, an enc the am 3 ime us d |n e 10. Afta%cge 58 mlnut s-of

finishing time, the vacuum grf)? K&h agp apgﬁ'& 'r%’én éspﬂfi?(\-f' @Pﬂ?ﬁ‘ﬁﬁ% n was
added to the Sb contreiking rgtitkgecbimprisivgcuum was resumed in stage 13 to enhance mixing 5in

stage 14. In order to lower t e am &L of solve gﬁ sent which could h %r gﬁ %1ycolyze the
polymer, no ethylene glyco TR WQ%FO 5@ e%%%%rg %5 tR8BHimercial
oligomeric phosphate triester formulandn\¢r|ofm Iéasttahhlﬁt@ﬁﬁldltm singe Ié%sﬂo:wmdw’g;iair
oligomeric pposphate trkester formulation was agzl? %ctl % horus. Trpn
smallest amount of the oligomeric phost’n‘lﬁgﬂ §rg géﬁ Flt%\g(bdag g%dowvrgﬁl e via
syringe to the polymer was 0.02 mL, wiptlasepedtpoedizadianiarget of about 20 ppm P in the polymer.
15Following the end of the array or lab preparation, the polymer was cooled for about 15 min.,
separated from the glass flask, cooladdegrssoot ¢y statlinibdahehlpstc2DiYdmediately 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 measa¢asidudlanetgigehyds @ yel o{ I D\pROHERIESES-00.

residues of a polycondensation catalyst composition

10 . comprising titanium species,

residues of a catalyst deactivator, preferably containing

phosphorus atoms;
and lacking added organic acetaldehyde scavengers,

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

15 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 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

25 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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The ground polymer was analyzed for acetaldehyde generation rate via processing at 295C for 5
minutes in a Tinius Olsen melt indexer, a.k.a. an extrusion plastometer (AAGen 295/5), free AA

(AAFN), meiads4byigsassiay fluorescence, inherent viscosity, L*, a*, and b* petpliyshhsgacsias were
made, stacked and tested for chip color. The data can be seen in Table 4. Example A 5For

polycondensation, ground oligomer (103 g) was weighed into a half-liter, single-necked,

round-bottomed flask. The catalyst employed was titanium tetrabutoxide and it was added to the flask
as a solution in nbutanol. Red and blue toners were added to the flask in the amounts shown in Table
4 for Example A. The amounts of red and blue toners 10were chosen in an attempt to obtain a similar

chip a* and chip b* to thosep kiaingshtsst Conepesgine fpsiveRie Apsysheriparicieel @ rodiedd ih

stainless steel paddle stirrer and glass polymer head were attached to the flagk. After attaching the
polymer head to a sﬁ\?éﬂﬂ'%’&ag%@@erﬂ%a]@%aﬁ%é&[ﬁn & WBF@%Q%@&I?‘I’H@%&

polymerization reactfatias 136 preitproseteirnatnt B \aHakivY-bdth lpviaeitaalsystem,
programmed to implement the following a‘rr&)/ ((':I'ablg %% WO 2008/150350PC"I;{USZtQ'OS/OO6163 Table
a low acetaldehy t e

2 Stage Tim minut@?@#ﬂiﬁé} ] de generation rate without t
presence of acetaldehyde scavengers in the particles fed to the melt

processing zone. In this case, the acetaldehyde generation is measured
on the particle feed, using the Sample Preparation technique described
above to impart a melt history to the particles. In this aspect, the residual

10 acetaldehyde can be lowered to less than 10 ppm acetaldehyde by gas
stripping the particles produced from the melt phase production process.
Further, the catalyst deactivator added in the melt phase at least partially
inhibits the Ti catalyst residues in the polymer from converting
acetaldehYde precursors to acetaldehyde. In this aspect, the particles fed

15 to the melt processing zone are preferably not solid-state polymerized.
The polyester 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

20 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.

25 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.

89
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In another aspect, there is provided a process for making articles
comprising:
(i) introducing solid polyester polymer particles, having:
an It.V. of at least 0.72 dL/g obtained in melt phase

5 polymerization,
a degree of crystallinity of at least 20%,
a residual acetaldehyde level of 10 ppm or less,

residues of a polycondensation catalyst composition

comprising titanium species, and
10 lacking acetaldehyde scavengérs,

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

molten polyester polymer composition; and

(i) forming an article comprising a sheet, strand, fiber, or a molded
part from the molten polymer composition, wherein the article,
15 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
20 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
25 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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at least 50% or more, or at least 60% or more relative to preforms made

from the composition without the addition of a catalyst deactivator.

In this aspect, the level of residual acetaldehyde is measured on
the article, such as on a preform. In this case, a second melt history (melt
manufacturing is counted as the first) need not be imparted to the preform

sample since the particles were melted in the injection molding machine.

The amount of residual acetaldehyde present in the particles after drying

but prior to injection molding should be subtracted from the residual

~ acetaldehyde value obtained in the perform.

At the melt processing extruder, other components can be added
to the extruder to enhance the performance properties of the pellets.
These components may be added neat to the bulk polyester pellets or in a
liquid carrier or can be added to the bulk polyester pellets as a solid
polyester concentrate containing at least about 0.5 wt.% of the component
in the polyester polymer let down into the bulk polyester. The types of
suitable components include crystallization aids, impact modifiers, surface
lubricants, denesting agents, 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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considered; therefore, only small portions, if any, should be added early. In
addition, when the polyester melt contains catalyst deactivator added
considerably earlier in the process, the late addition of more catalyst
deactivator may not be as effective at lowering AA generation rate as the
same total amount added late. This may be more of an issue as the
percentage of the total catalyst deactivator added prior to late addition, as

defined earlier, increases.

In addition to the aspect where the total amount of catalyst
deactivator is added during the melt phase process for making the
polyester polymer, in another aspect, total amount of catalyst deactivator is
added to the polyester polymer in at least two portions, at least one in the
melt phase process for making the polyester polymer and at least one other
at any point after the polyester polymer is solidified and before the article is
formed from the polyester polymer, such as during melt processing the
polyester polymer to make an article as conventionally done in an extruder
or injection molding machine for making the article. In yet a further 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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polyester polymer particles to the melt processing zone to make the
articles. Thus, in one aspect an amorphous solid polyester polymer
particles are produced from a melt phase process without a catalyst
deactivator added late, and crystallized, followed by blending the catalyst
deactivator with the polyester polymer by a compounding extrusion or in
the extruder portion of the injection molding process such as that used to
melt blend solid, liquid, or molten ingredients into a stream of polyester
polymer in an extruder, or that used to make a molded article by an
extrusion in the injection molding process, or blending in any other mixing
device. In this aspect, the solid polyester polymer particles produced from
a melt phase process without a catalyst deactivator added late are
optionally produced with enough crystallinity to undergo an extrusion
without wrapping 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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5 A molten bath of Belmont metal was raised to surround the flask, and the CAMILETm array was
implemented. In this array, a "ramp" is defined as a linear change of vacuum, temperature, or stir

speed during,is,s0esibied stage time. The stirring system was automatically cp{iRsateRRgiyeen

10stages 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 270C.
When terminating a polymer sample under these conditions at a torque equivalent to approximately
0.80 IhV, the finisher stage time for Ti-catalyzed runs was around 66 minutes, and hence, the amount

of time used in stage 10. AH&¥$RSBEFhIRRaS MRV THKE thecrellals Are 2ot ate a commercial

oligomeric phosphatgdieataizedmuisiparasmsidas chtans batautivatorel RCHER pRadesHEEd in
stage 13 to enhance mixing in stage 14, Durin% sta%a%lz, the commercial oligomeric phoﬂgahate

tri-ester formulation NRCTRINELRARCES Iangidng st sialing dated JLaR6 desiteminsoid stateo
wt./wt. A phosphorupoljraéiizaligfs paigesiar pefistigamesawinageaiesttie sigastHaat s be

reproducibly_added by 10volume via available syringes to the polymer was 0.02 mL, whjch .

correspond2to a tarfERGHYBRAIIEHIRT PHISHR NRAYEHEdAINE 2RI IBtR PRIYeSHZY PR vel, that

is, a lower P:Ti molepigisag®ay be as effective to a certain point. For example, in Example A, the P:Ti
mole ratio using the XRF values was 1.85. A comparable result is expected at 15P:Ti of 1; however, it
was difficult to add the very small amount of oligomeric phosphate triesters needed to do achieve P:Ti

mole ratio of 1 on the lab s¢alenEclisény the BotlepidariRyneadrbieNG oy dsRPpbRIREAS
20cooled for about 15 min., aﬁaéed from tfz?,eti]lass flask, coqled for about 10 min. and then placed

immediately into liquAP1ARS oGRS ARSI FRCR WL RRVR P43t least2badkn. The
residual orfeee AA BONRIEaY RsakeBUro7 e i iIBEMaastUERISEND binhanrstheper Seletpaie Sotiié #

F2013-00. 25 The ground polymer was analyzed for acetaldehyde geperation rate via processing
F 295 for 5 minutdR T e LT e RSSO A RS HHS05/5)
free AA (AAFN), metalgrtioX val Havecatenesiuviof inn réistesitiah absuesbbeaegreates 30chips
were made, stacked ﬁnd 5e8te f.?r chip color. The Egtgl ,c%n be
than 3.0, while maintaining an rightness of at least 50, or at least 60, or
at least 65, or at least about 70.
15
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
20 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

25 included merely for purposes of illustration and are not intended to limit

the scope of the invention.

Experimental
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seen in Table 4. Comparative Example A and Example A illustrate that making a polyester polymer at
270C with 10 ppm Ti can require a similar finisher time or production rate as making a polyester
polymer at 286Gowiiisggzgut 250 ppm Sb, even though the Ti case had mucpdewssfrialysiploading
and a temperature 15C cooler. In addition, Comparative Example A and Example A illustrate the lower
residual AA in the solid polyester particles, and the lower AA generation rate upon melting as
exemplified by a titanium catalyst relative to an antimony catalyst, when a catalyst deactivator, in this

case, oligomeric phosphate_triesters, is added 10late., The results also gemonstrate that Ti-catalyzed
polyester polymer with late éﬂjfgydﬂ‘e{ﬁﬁ ?ﬁ‘é@&ﬁgg PH&??%@?EB%%&&%‘BE‘%?E%%Q% rto an
antimony-catalyzed ppiigrunis a8 eairteadeonitthe nirénttiststageniamrurédaatdic in
brightness of the Ti-catalyzed polymer &Egganéple A) was only a few units darker than the Chip L*

r

brightness of 15 theS850cRaDSLand Bh%: (O otrdiBiiRRNIBIgRIBRNE) DY WIS IBNLiHB RIS May increase

somewhat if the amagihpldearenssssided 1A the Soivaseavaresissntation®rs. BHysemeutral or
zero chip a*,_similar to the Ti case; however, the L* difference may decrease somewhat if the amount

of blue tonePadded fohgaMplesinthe Fxamples seclon, e SRS BIRIRPYRED* to the Sb
case. Comparative BsolgtibiesStaHEte BRIN.ISIAG H RRRITHRG RS @apiNaPRiagdopre riieominantly

terephthalic acid and ethylene glycol. The oligomer also contained about 1.5 mole percent of about

35% cis/65% trans 19BSEANARRL1BEIPRA"HBY RARCIBIS.PhBIS sFemRigerathPef A ARNe glycol.
The conversion of apGTUDYBES. AMB iritRSfeby VEEOSINK BAltiatesccREM tHeen@asiregs. The M

of the oligomeric mixture was about 766 g/mole, and the Mw was about 1478 g/mole, For
polycondensation, gﬁﬂlHHQﬂi&m'ﬁoé‘%?mmg?@h%%ﬁt@&%ﬂ%?ﬁlﬂgﬁ sheflesakttiony,
round-bottoyped flaskisdusbpiplyabarapierfd 4me sibysquiaitvaItotoRetI NS afddaroim the flask
as a solution in nbutanol. No toners were added to the flask. A 316 L stainless steel paddle stirrer and
glass polymer head e ifc¥ed to the flask. After attaching the polymer head to a side arm and a
purge hose, two nitrogen 10 purges were completed. The polymerization reactor was operated under

control of a CAMILErm automation system c1’orogrammed to implement the following array (Table 3).
Table 3 Tinh = [IN {ts/to)]/

15 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
20 to = Solvent-blank flow time through a capillary
tube
C = Concentration of polymer in grams per 100 mL

of solvent (0.50%)

25 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

30 where Nint = Intrinsic viscosity

95



Stage Time Minutes Temperature C Vacuum Torr Stir Speed rpm 1 0.1 270 730 0 2 10 270 730

WO 2008/150350 PCT/US2008/006163

10

15

20

25

nr = Relative viscosity = ts/t,

nsp = Specific viscosity = n, - 1

Instrument calibration involves triplicate testing of a standard
reference material and then applying appropriate mathematical equations
to produce the “accepted” |h.V. values. The three values used for
calibration shall be within a range of 0.010; if not, correct problems and
repeat testing of standard until three consecutive results within this range
are obtained.

Accepted |h.V. of Reference Material
Average of Triplicate Determinations

Calibration Factor =

The intrinsic viscosity (It.V. or nint) may be estimated using the

Billmeyer equation as follows:
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,
P+ = The pressure in capillary P4
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In = Natural logarithm
K= Viscosity constant obtained from baseline reading
C = Concentration of polymer in grams per 100 mL

of solvent

The corrected |h.V., based on calibration with standard reference
materials, is calculated as follows:
Corrected |h.V. = Calculated Ih.V. x Calibration Factor

The L* or b* color can be measured on specimens ground to a
powder or molded into a disc or molded into a preform or blown into a
bottle, as explained below. A specimen is considered to be within a
specified L* or b* color range in the appended 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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using the CIELAB scale with the D65 illuminant and 10° observer. The
spectrophotometer was standardized regularly and UV control was
employed and maintained in calibration following the HunterLab
recommendations. An optional glass port plate was installed at the
reflectance port to minimize contamination of the sphere. Powders were
placed in a cell that is metallic gray, except for the glass front. The optical-
grade glass was recessed from the front of the cell by 0.062" and the
glass itself is 0.092" thick. The sample area was 0.71" deep, 1.92 " wide,
2.35" tall. The powders were allowed to settle by vibrating the sample for
20 seconds using a laboratory Mini-Vortexer (VWR International, West
Chester, PA). The glass cell was maintained flush against the reflectance
port and covered with a black opaque cover. A single cell packing was
evaluated and the cell was removed and replaced for three replicate
measurements for each sample. The reported value should be the

average of the triplicates.

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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clear discs are prepared from the polyester sample to be analyzed. Disc
preparation is done by extruding each the polyester sample at a
temperature of 278° C with 1.4 scfh nitrogen ﬂow to the feed throat, and
120 rpm screw speed into a micro-injector barrel at 283-285° C. The
barrel should be purged with material before attempting to mold any discs.
The final discs are prepared using an injector pressure of 100 psig to the
injection piston. The disc mold is maintained at a temperature range of
10-20° C by circulation of chilled water. Alternative extrusion equipment
may be used provided that the samples are melted at these temperatures
and extruded at the stated rate. The HunterLabUItraScan
spectrophotometer is operated using a D65 illuminant light source with a
10° observation angle and integrating sphere geometry. The color
measurement is made in the total transmission (TTRAN) mode, in which
both light transmitted directly through the sample and the light that is
diffusely scattered is measured. Three discs are stacked together using
a holder in front of the light source, with the area having the largest

surface area placed perpendicular to the light source.

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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30 * =ramp; # = torque termination 5A molten bath of Belmont metal was raised to surround the flask,
and the CAMILETm array was implemented. In this array, a "ramp" is defined as a linear change of

vacuum, teryassatdrsso9£ostir speed during the specified stage time. The stinpiagsysignis163
automatically calibrated between stages 4 and 5. No phosphorus compounds were added to this run.

The 10finisher stage (13) was terminated according to the stirrer torque. The target Ih.V. was 0.80
dUg. An agitator torque target was identified for each finisher temperature and each polymerization rig.

As the molecular weight and. corresponding 1h.V, of the melt increases, its melt viscosjty also
increases which Waé%%ﬁ'é;at{b% Ipyt 'e"?&laﬁg %Uﬁ%ﬁfﬁga@f(ﬁty@? P8 %Wﬁ?@ﬁ%ﬁ%'ﬂ%ach run

was terminated whethéhedaigusSargeaan the agitator was achieved three times. Following the end
of the array or lab preparatign, the polymer was cooled for about 15 min., separated from the glass
flask, cooled for about 20 ]L.%EWFF ﬁgttﬁ&‘ﬁﬁgjgé'yimﬂﬁﬁ?j?é’lk?&ﬁfi%mcpﬂﬁ’o?ﬁn. The polymer was
ground cryogenically to pass albwipeskersitingepeisiti k), Qr free AA sample was kept frozen until its

measuremept by headspace GC per ASTM # F2013-00._25The ground polymer was analyzed for
acetaldehya% generation rate Vi %}@@@%m&@f’m%ﬂg"?ﬁinutes in a Tinius Olsen melt indexer,

a.k.a. an extrusion pNetemeieinAdke 2955 paitie AriiA4tHd\ onpstddlivityX rerfhryesuentosf and
inherent viscosity. The data can be seen in Table 4. 0 phosphorus compound was added
late to Comparative %Y&%&é@ﬁﬂ%cﬂﬁégpmﬂ@évzﬁﬁQé@lé’t?%&)’?ﬁ?g fﬁ'?ﬁh?ppﬂ' f Q\E%mple B
was 1.9 ppm. The linvieqfrgppoliitastiost Weteletsphdrhe ywbenni@finyeibiod nradtisenkioeis2emm.
Below 2 ppm, the ampouynt of 5phospharus listed may be noise. e hosphorus compound had
een acet ow lov B BPIRRRBEGILR RIDBREA AR AP BiE b R BELAORE QoM G D
phosphorug@ompoustediliest baaiphsiied, Retkin-Elmer Pyris-1 calorimeter was used for high-
speed calorimetry. The specimen mass is adjusted to be inversely
proportional to the scan rate. About a 1 mg sample is used at 500°C/min
and about 5 mg are used at 100°C/min. Typical DSC sample pans were
used. Baseline subtraction was performed to minimize the curvature in

15 the baseline.

Alternatively, percent crystallinity may be calculated from the
average gradient tube density of two to three pellets. Gradient tube
density testing is performed according to ASTM D 1505, using lithium

20 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

25 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

30 disc was automatically returned to the pyrometer where the surface
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level of 5 ppm is reported, there could be some trace phosphorus contamination after the fact, like
during chip molding for the XRF test. 10This trace contamination is not expected to be as effective as

a known phosphessisseesppound that is intentionally added. For no phosghaiysalsirdegompounds,
the P: Ti mole ratio (MR) may be misleading, especially for low titanium levels like 5 ppm. For
15example, while Comparative Example B appears to have a P:Ti MR of about 0.3, there may actually
be no phosphorus in the sample, since the level of phosphorus reported is close to the detection limit.
Example A illustrates the lower regjdual AA in the solid polr¥ester 20particles, and the lower AA

generation rate uporf MGG L) tenBieael theRidenhichifarrithedams dintate

addition of a catalystsitgsioixriPecEadd iR 3 BetRISIffBATR WERPWER UM SRGy Savgthout late
addition of a catalyst deactivator |i&g:gomparative Example B). The residual AA of Comparative Example

B probably would ha%€908chaagiRg S¥Rewas vRefReween-comseR Y siestsnfimenguchaq for
Comparative ExamptarBeobled W 12ABHAXIAE PAIUSRRRAMIAHEGTRIaaMIES, Th& RIT is TO

further compare the tw?(éﬁ%talys systems when the finisher stage residence time was similar, the

titanium levef was kefft SHPIREHO S Te Rl AR s Rhwihautehesl additive fioRray in

Table 5 was used. Te¢HdeTpStt@Esample containing the reheat additive.

Reheat Improvement Temperature (RIT) of polyester polymer

preforms is measured using twenty-ounce bottle preforms. In order to

10 determine the RIT of each composition, all preforms are run through the
oven bank of a Sidel SBO2/3 blow molding unit in a consistent manner. A
series of twenty-ounces preforms (with an outer diameter of 0.846 inches
and a sidewall cross-sectional thickness of 0.154 inches) are run through
the oven bank of a Sidel SBO2/3 blow molding unit. The lamp settings for

16 the Sidel blow molding unit are shown in Table 1. The preform heating
time in the heaters is 38 seconds, and the power output to the quartz
infrared heaters is set at 64%. %. A series of five preforms is passed in
front of the quartz infrared heaters and the preform surface temperature
was measured.

20

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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The preform reheat improvement temperature (RIT) is then
calculated by comparing the difference in preform surface temperature of
the target samples containing a reheat additive with that of the same
polymer having no reheat additive. The higher the RIT value, the higher

5 the reheat rate of the composition.

The polycondensation reactions in Comparative Examples A, C, D,
and Examples A, B, C, D E & F employed a PET oligomer prepared
predominantly from terephthalic acid and ethylene glycol, and containing

10 about 1.5 mole percent of about 35% cis/65% trans 1,4-
cyclohexanedimethanol and about 1.5 weight percent of diethylene
glycol,. This oligomer has about about 90% to 95% conversion of acid
groups, due to some variance among batches and/or test methods, via
proton NMR/titration of acid groups.

15

Comparative Example A

For polycondensation, ground oligomer (103 g) was weighed into a

20 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

25 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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Table 1
Stage Time Temperature Vacuum Stir Speed

Minutes o8 torr rpm

1 0.1 285 730 0

2 10 285 730 150*

3 2 285 140* 300*

4 1 285 140 300

5 10 285 51* 300

6 5 285 51 300

7 1 285 4.5* 300

8 20 285 45 300

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 05 45

* = ramp
5

10

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

103




1289 4.5* 300 8 20 289 4.5 300 9 2 289 0.8* 30* 10 48 289 0.8, 30

WO 2008/150350 PCT/US2008/006163

10

15

20

25

about 58 minutes, and hence, the amount of time used in stage 10. After
the 58 minutes of finishing time, the vacuum was broken, a commercial
oligomeric phosphate triester formulation was added to the Sb control
during stage 12, and vacuum was resumed in stage 13 to enhance mixing
in stage 14. In order to lower the amount of solvent present which could
hydrolyze or glycolyze the polymer, no ethylene glycol, n-butanol, water,
or anything else was added to the commercial oligomeric phosphate
triester formulation prior to its introduction during stage 12. A commercial
oligomeric phosphate tri-ester formulation was added directly as a 9
wt./wt. % phosphorus. The smallest amount of the oligomeric phosphate
triesters that could be reproducibly added by volume via syringe to the
polymer was 0.02 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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Example A

For polycondensation, ground oligomer (103 g) was weighed into a
half-liter, single-necked, round-bottomed flask. The catalyst employed
was titanium tetrabutoxide and it was added to the flask as a solution in n-
butanol. Red and blue toners were added to the flask in the amounts
shown in Table 4 for Example A. The amounts of red and blue toners
were chosen in an attempt to obtain a similar chip a* and chip b* to those
obtained for Comparative Example A as shown in Table 4. 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 was
operated under control of a CAMILE™ automation system, programmed

to implement the following array (Table 2).
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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
torgue termi@egod/irsatalyzed runs with a 0.8 Ih.V. target was about 48 mipgtegsand/ heies, 15the
amount of time in stage 10. The smallest amount of the oligomeric phosphate triesters that could be
reproducibly added by volume via syringe to the polymer is 0.02 mL, which corresponds to a target of
about 20 ppm P in the polymer. 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 5example, in Examples B & C, the P:Ti mole ratio using the
XRF values was about 4. Comparable results are expected at P:Ti of 1; however, it was difficult to add
the very small amount of oligomeric phosphate triesterFatgiedzd to do achieve P:Ti mole ratio of 1 on
the lab scale, especially as the Ti level is lowered to 5 ppm, as in these examples. 10 In the
following table, the Sb run is the same one shown earlier in Comparative Example A. Due to the

difficulties encountered igtglé%emptinq.itmo Jarget sin?g%r Q:atﬂ(?gt variaijgxu Qr one ru%ﬁf%@eig a high
amount of phosphorug was added, the result$ of each titanium fun are reportel. 15Table 6 sels forth
the results analyzed far a*, b* gnd hfiretdsr. (Wwdd) 96Z uao yv torr rpm
1 0.1 270 730 0
2 10 270 730 160*
3 2 270 140* 300*
4 1 270 140 300
5 10 270 51* 300
6 5 270 51 300
7 1 270 4.5* 300
8 20 270 4.5 300
9 2 270 0.8* 30* )
10 66 270 0.8 30
11 3 270 650* 30
12 2 270 650 30
13 1 270 0.5* 45*
14 5 270 0.5 45
* = ramp
5
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
10 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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approximately 0.80 IhV, the finisher stage time for Ti-catalyzed runs was .
around 66 minutes, and hence, the amount of time used in stage 10.
After the 66 minutes of finishing time, the vacuum was broken, a
commercial oligomeric phosphate triester formulation was added during
5 stage 12, and vacuum was resumed in stage 13 to enhance mixing in

stage 14. During stage 12, the commercial oligomeric phosphate tri-ester
formulation was added directly, that is, with nothing else added to the
formulation, as a 9 wt./wt. % phosphorus. The smallest amount of the
oligomeric phosphate triesters that could be reproducibly added by

10 volume via available syringes to the polymer was 0.02 mL, which
corresponds to a target of about 20 ppm P in the polymer. 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 A, the P:Ti mole
ratio using the XRF values was 1.85. A comparable result is expected at

15 P:Ti of 1; however, it was difficult to add the very small amount of
oligomeric phosphate triesters needed to do achieve P:Ti mole ratio of 1

on the lab scale.

Following the end of the array or lab preparation, the polymer was
20 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.

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, inherent viscosity, L*, a*, and b* color. Three
30 chips were made, stacked and tested for chip color. The data can be
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seen in Table 4. Comparative Example A and Example A illustrate that
making a polyester polymer at 270°C with 10 ppm Ti can require a similar
finisher time or production rate as making a polyester polymer at 285°C
with about 250 ppm Sb, even though the Ti case had much lower catalyst -
loading and a temperature 15°C cooler. In addition, Comparative
Example A and Example A illustrate the lower residual AA in the solid
polyester particles, and the lower AA generation rate upon melting as
exemplified by a titanium catalyst relative to an antimony catalyst, when a
catalyst deactivator, in this case, oligomeric phosphate triesters, is added
late. The results also demonstrate that Ti-catalyzed polyester polymer
with late addition of catalyst deactivator can be toned to a similar chip b*
color to an antimony-catalyzed polymer when both are made with similar
finisher stage times. The Chip L* brightness of the Ti-catalyzed polymer
(Example 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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NMR/titration carboxyl ends groups. The M, of the oligomeric mixture
was about 766 g/mole, and the M,, was about 1478 g/mole.

For polycondensation, ground oligomer (103 g) was weighed into a
half-liter, single-necked, round-bottomed flask. The catalyst employed
was titanium tetrabutoxide and it was added to the flask as a solution in n-
butanol. No toners were added to the flask. 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 was operated under
control of a CAMILE™ automation system, programmed to implement the

following array (Table 3). -

Table 3
Stage Time Temperature | Vacuum Stir
Minutes c Torr Speed
rpm
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

109



| gs Example B | Example C | Example D | Comparative A1 - en Crien en -Al -erO1 VD *Nenni 1.)
Vor-I--?2-? ,GOenON * 6-.la.osiiici? aa
WO 2008/150350 PCT/US2008/006163

10

15

20

25

30

13 500# 270 0.2 30

* = ramp; # = torque termination

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 is automatically calibrated between
stages 4 and 5. No phosphorus compounds were added to this run. The
finisher stage (13) was terminated according to the stirrer torque. The
target Ih.V. was 0.80 dL/g. An agitator torque target was identified for
each finisher temperature and each polymerization rig. As the molecular
weight and corresponding Ih.V. of the melt increases, its melt viscosity
also increases which was correlated to the torque required by the agitator
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
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, and inherent viscosity. The data can be seen in
Table 4.
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No phosphorus compound was added late to Comparative
Example B. The phosphorus level measured by XRF in Comparative
Example B was 1.9 ppm. The limit of quantification for phosphorus by the
XRF method used is about 2 ppm. Below 2 ppm, the amount of
5 phosphorus listed may be noise. When no phosphorus compound had
been added, low levels of phosphorus reported (around 2 ppm or less)
may be noise. When no phosphorus compound had been added, and a
level of 5 ppm is reported, there could be some trace phosphorus
contamination after the fact, like during chip molding for the XRF test.
10 This trace contamination is not expected to be as effective as a known

phosphorus compound that is intentionally added.

For no phosphorus added compounds, the P: Ti mole ratio (MR)
may be misleading, especially for low titanium levels like 5 ppm. For
15 example, while Comparative Example B appears to have a P:Ti MR of
about 0.3, there may actually be no phosphorus in the sample, since the

level of phosphorus reported is close to the detection limit.

Example A illustrates the lower residual AA in the solid polyester
20 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
25 if the same finisher vacuum used in Example A was used for Comparative
Example B.
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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 Sbcatglyzaospahsreer. 25 In Examples E & F, phosphorus catalyspdeasibasaisgere added
to polyester polymers catalyzed with low levels of titanium (5 ppm) at relatively low temperatures
(270C). When termimstmapie@y e Min at a torque equivalent to approximately 0.80 IhV, the reaction
time was about 30155 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 mixindlo furthethesapam@tpdetvthegtalyspisyaierasapmmthe dinisitieer
phosphoric acid or an, oligomerjc phosphate triester. To avaqid a.potential loss jn It.V., a concentrated
form of the phosphoﬁﬁ%%%ﬁ?&é@%ﬁ“ﬁiﬁﬁs&'&%ﬁ&“ﬂ%héﬁa‘a 3@%%8 ri SF AR (L‘F@uteaéﬁogB%rus :
compound, e amowtiilef Swverzgtias tanpbicireudhl)idoryasen ighR8HI: thbealymeinvas
reduced. Phosphoricrafgilfj \gas added as an 85 weight % solution in water. The smallest amount of
phosphoric acid that AN Pg%?oldﬁ% ly added by volume via syringe to the polymer was 0.02 mL,
which 10 corresponds to a target of about 80 ppm P in the polymer. Oligomeric phosphate tri-esters
were added directly as a 9 wt./wt. % phosphorus. The 1 I€I:e t amount of the oligomeric phosphate
triesters that could be reproducibly added by volume via syringe to the polymer was 0.02 mL, which

corresponds to a tar ;eggggb DUE2Q Rﬂmté:; in thgeg%g fe 15 The firay in [rablg,/ §§é§dfort the
processing conditions for making the titanium catalyzed polymers using about b ppm Ti'and using the
oligomer mixture stafting matgrials and amotints de€€ribed ag in Exdefiple 1, except tRatthe oligomeric
mixture contained ahout 1.5 DEG, nd the degreg f conversion, \9/'{;1 some|variancg among
batches, ranged fromabout 90% t0 95%_The phncln orus cgmpounds were a Hded at stage 12 1Two
polymer runs were madezper the follmwing afray, oresgor the additioryeh phosphoric acigg*and one for
the addition of oligomeric phgsphate tresters. WO 2008/ 150850PCT/US2008[006163 Tabie 7 ptage
3 2 289 140* 300"
4 1 289 140 300
5 10 289 - 51* 300
6 5 289 51 300
7 1 289 4.5* 300
8 20 289 4.5 300
9 2 289 0.8* 30*
10 48 289 08 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 the amount of time in stage 10. The smallest amount of the oligomeric
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Time minutes Temp C Vacuum torr Stir Speed rom 1 0.1 270 730 0 2 10 270 730 150* 3

WO 2008/150350 PCT/US2008/006163

10

15

phosphate triesters that could be reproducibly added by volume via
syringe to the polymer is 0.02 mL, which corresponds to a target of about
20 ppm P in the polymer. A lower amount P for the same Ti level, that is,
a lower P.Ti moie ratio, may be as effective to a certain point. For
example, in Examples B & C, the P:Ti mole ratio using the XRF values
was about 4. Comparable results are expected at P:Ti of 1; however, it
was difficult to add the very small amount of oligomeric phosphate
triesters needed to do achieve P:Ti mole ratio of 1 on the lab scale,

especially as the Ti level is lowered to 5 ppm, as in these examples.

In the following table, the Sb run is the same one shown earlier in
Comparative Example A. Due to the difficulties encountered in attempting
to target similar b*, test variability, or one run wherein a high amount of
phosphorus was added, the results of each titanium run are reported.

Table 6 sets forth the results analyzed for a*, b* and L* color.
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Per Table 6, low levels of Ti, elevated polycondensation
temperatures and late addition of a catalyst deactivator can produce solid
PET particles with lower residual AA and low AA generation rates upon
melting, relative to an Sb control. Example D indicates that more
deactivator was not always better, in that, although the residual AA may
be lower, the 1t.V. was lower and the AA generation rate for processing at

295°C for 5 min. was no better.

Example E, F & Comparative Sample C, D

These examples were evaluated to determined the amount of
colorant required to obtain similar b* color levels for fully formulated
polyester polymer compositions catalyzed using titanium and antimony.
Also, the effect of colorant amount on L* color, reaction time to reach
similar It.V. levels, 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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In these examples, the phosphorus compound was either
phosphoric acid or an oligomeric phosphate triester. To avoid a potential
loss in It.V., a concentrated form of the phosphorus compound was used.
By using a concentrated form of the phosphorus compound, the amount
of solvent present which could hydrolyze or glycolyze the polymer was
reduced. Phosphoric acid was added as an 85 weight % solution in
water. The smallest amount of phosphoric acid that can be reproducibly
added by volume via syringe to the polymer was 0.02 mL, which
corresponds to a target of about 80 ppm P in the polymer. Oligomeric
phosphate tri-esters were added directly as a 9 wt./wt. % phosphorus.
The smallest amount of the oligomeric phosphate triesters that could be
reproducibly added by volume via syringe to the polymer was 0.02 mL,
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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0.5 45 =ramp Typical conditions for polymerizations catalyzed by antimony 5compounds were at
about 285C and about 250 ppm Sb in the polymer. When terminating a polymer run at a torque
equivalent tyapiigisoaely 0.80 IhV, the reaction time was about 58 minutpgrhhke@uaysissT able 1
was used for runs catalyzed by about 250 ppm Sb. In Comparative Examples C & D, blue and red
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5 10 270 51* 300
6 5 270 51 300
7 1 270 4.5* 300
8 20 270 4.5 300
9 2 270 0.8* 30*
10 155 270 0.8 30
11 3 270 650* 30
12 2 270 650 30
13 1 270 0.5* 45*
14 5 270 0.5 45
* =ramp

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 reaction time was about 568 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

was added in stage 12. Two polymer runs were conducted per the

b* color target of about 2 CIELAB units. The phosphorus compound(s)

following array, one for the addition of phosphoric acid, and one for the

addition of oligomeric phosphate tri-esters.
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The amount of AA generated upon melting for Example E (5 ppm Ti at 270C with 15 ppm P added late
from an oligomeric phosphate triester) was very low (around 5 ppm) and certainly much lower than

that 5genergyeching/osaparative Example C (around 22 ppnn). The amounpeirAkgenaiaied for
Example E was lower than for Example A, even though the polycondensation temperature was 270C
in both cases. Example E h’i‘%é‘}g%‘

t hflffth Tirf‘)é? ent in EXﬁr?ngle A. Since the. titanium level is lower
and the phosphorus level is Shewna %l&ﬁ%r? 'ﬁ?&éﬁ%‘,‘ PO IHIC T f@%@higher in
Example E than in Ezatalylzed. and thibinfireomy e dtalyze dqobmhetsistddeiliteld with ark.a.- 3 disc L*)
than Comparative EX le C. Example E was also bjuer than the Chin b* target of 2 while
Comparative Examp?ze?@lgvrvgsnglg)égrs thﬁ'\% gFS ;e i'SAe%é'}'grre?rlre‘gg%q?ePP nﬁe‘?\%‘m& Iﬁ(‘/@vﬁé'en
needed to match CothphistiaddwemihlE GydiematipEreay e Bs \eftadtivey ol esrtaiphteinOrFte other
hand, Comparative Example C was redderthgn EX le E; therefare, |es toner would have been
needed to g§t a neuﬁé?gﬁlll;ea@ i )feag'fjt%p ’e%?éﬁe’% %%ﬁ%!%é&mgg{ﬁ& I (Y%\I/léﬁ?d\%%%e been
brighter. 20  TablalSoski4. SortG emplgtailer eeslits anepexipected ttbRiTinof dAtahawdvarditheagntimony
catalyzed polymers sjabili wit, osphoric acid. A lower amount P for the same Ti leyel, that is, a
lower P:Ti mole ratio?tﬁwﬁéyﬁggoa%%fﬁgaivg%%r%agl?tgm% e F%I}geoxrgﬁlrf)?e? Fﬂ?ﬁgﬁx%%lté'isyfé e P:Ti
mole ratio using the Xédded teslovaskibuat2T.i Guteratiolofré st they datxpeake despclaly Ashowever,
it was difficult to add,the-ver all amount qof sphoric acig,needed to dp achieve P:Ti mole ratio of
1 on the lab scale, e%%%ggégg%ﬁ%s%wgﬁ%%ggﬁ ﬁ{gr‘eagolﬂggﬁﬁgtgéQWBﬁéossplﬁglfﬁsqﬂ%ﬁ e
oligomeric pBosphatergesietonans wenhadden ¢ itaBibd wal st to* colontagat diatoak@mples.

71627 CIELAB units. The reheat rates of the Ti-catalyzed polymer matched that
of the Sb-catalyzed polymer within test error; therefore no black iron oxide

was added.
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N CO 00 .-.0 CO Eo. 0. 1/40CA 0O ce Example F was brighter (higher Chip or 3 disc L*) and bluer
(lower Chip or 3 disc b*) than Comparative Example D. The amount of AA generated for Example F
was higher twarthsit gsserated for Example E. 5This could be due to the piroapbszems/soausse and/or
the much higher P:Ti mole ratio in Example F. The amount of AA generated for Comparative
Example D was lower than that generated for Comparative Examples A & C. This could 10be due to
the different phosphorus source and higher level phosphorus level in Comparative Example D.
Examples G, H, |, J & ComjheweEndrnpka BereGies oprnyrtelingdoaioranpient 48 pgpirafter
manufacturing the s} r (g I ng € i I’B '
previously-made pol?/lr‘gaeg%zgsg%@s? ?}cﬁ/ggrasgi%&z? %] asfg&?“iaﬁ{ aléjlgeg\r/re{\éﬁaE aﬁy ﬁl g)?m
distribution of the detiigBt@Rweathetydgwi{aneund 5 ppm) and certainly much lower than that

5 generated for Comparative Example C (around 22 ppm). The amount of
AA generated for Example E was lower than for Example A, even though
the polycondensation temperature was 270°C in both cases. Example E
has about half the Ti present in Example A. Since the titanium level is
lower and the phosphorus level is somewhat higher in Example E, the
10 P:Ti mole ratio was higher in Example E than in Example A.

While Example E was somewhat darker (chip L*, a.k.a. 3 disc L*)
than Comparative Example C, Example E was also bluer than the Chip b*
target of 2 while Comparative Example C was closer to the target;

15 therefore, less blue toner would have been needed to match Comparative
Example C, hence, Example E would have been brighter. 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.

20

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,

25 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

30 lowered to 5 ppm, as in these examples.
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20somewhat like that which occurs during compounding extrusion or during extrusion in general.
These examples use the melt-blending procedure outlined in Table 101 and utilized 100 g of PET
modified wily gbowt/Béssnole % isophthalic acid and about 4.2 mole % dietlpdensalysobsidyis PET was
produced on a production scale line with about 10 ppm Ti and 0 25ppm P (none added). Pellets were
cryogenically ground through a 2 mm screen to facilitate mixing in a glass flask with a paddle stirrer.
The resultin d materials or powders are dried at 120C 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 301.5 hours), the catalyst deactivator is weighed into the flask. WO
2008/150350PCT/US2008/006163 A polymer head with stirrer was attached and the flask purged
twice with nitrogen. The CAMILETm automation system is programmed for the following array, as set
forth in Table 10. 5Table 10 Stage Time Min. Temp. Cé/a? Torr Stir RPM Power kg-cm Estimated End
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Example F was brighter (higher Chip or 3 disc L*) and bluer (lower
Chip or 3 disc b*) than Comparative Example D. The amount of AA
generated for Example F was higher than that generated for Example E.
This could be due to the phosphorus source and/or the much higher P:Ti

mole ratio in Example F.

The amount of AA generated for Comparative Example D was
lower than that generated for Comparative Examples A & C. This could
be due to the different phosphorus source and higher level phosphorus

level in Comparative Example D.

Examples G, H, I, J & Comparative Examples E, F, G

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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A polymer head with stirrer was attached and the flask purged
twice with nitrogen. The CAMILE™ automation system is programmed
for the following array, as set forth in Table 10.

5 Table 10
Stage | Time Temp. | Vac | Stir Power | Estimated
Min. °C Torr | RPM | kg-cm End Time
1 A 270 730 |0 0 10:23:59
2 5 270 730 |0 0 10:28:59
3 5 270 730 |0 0 10:33:59
4 5 270 730 |15 |0 10:38:59
5 4 270 - [730 {35 |O 10:42:59
6 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
10 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.

15 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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010:44:59 75270 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 100f the array,

the polymemigosapgmaissofrom the glass flask, cooled, chopped, and cryogepicatlg @oswoshtd pass a 3
mm screen. The ground polymer is analyzed for acetaldehyde generation rate, inherent viscosity, L*,

a*, and b* color. 15 % I%&? Ti mal ratlo may be as
effective to a certalr'?é p‘)gcl)%lN gﬁ%ﬂ&ﬁ?ﬁ% xamp es g{%-l? u% tﬁag énﬁloge ra%c?‘ using the XRF
values was about 8 toacentiaiatsptosphutssusoarpesteskedt iR thisekanoplever, it was difficult to add

the very small amount of phosphorus compound needed to do achieve P:Ti mole ratio of 1 on the lab
scale, especially given the concentrated phosphorus sources used in this example.
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71627 With about 10 ppm Ti in the polymer and about 50 to 70 ppm of P (P:Ti mole ratio of 8 to
9) added via a catalyst deactivator, Table 11 results indicate about a 50% reduction in the amount of
AA generatggdgn@ispise Olsen extrusion plastonneter at 295C for 5 min, §Qlgivve tases eases where
no catalyst deactivator was added. There is also an improvement in the polyester color upon addition
of the catalyst deactivator, particularly, in terms of less yellow color or lower b*. A variety of catalyst
deactivators {W&@’used in Table 11, including 10phosphoric acid (H3PO4), polyphosphoric acid (PPA),
and phosphorous acid (H3P03). Melt blending catalyst deactivators into previously isolated
polymer was an effective means of lowering AA generation. Part or all of the 15catalyst deactivator
may be added after the solid polyester particles are obtained from an exclusively melt-phase

manufacturing process. puu.. y e twmmcatalyst deactivator may be added after the solid
polyester particles are obta.g1ec fro;g ra| SR ERID) manufacturing process (includes solid-stating).
Options for adding the cptafyst 20ddactivatar aftar the manufacturing process for solid polyester
particles include compoun(ﬂﬂﬂ extrusign 1o make concentrate particles, which may be blended with the
bulk of the particles priof tosut ser|er|ogxingsian gl melt processing , and/or adding catalyst
deactivator to the extruder gr the pelproegssing ®guipment which is part of making a product,
including a 25 fiber, a she@,*glfilm, [a 1ilm, a tray| a{tube, or a bottle preform, which is made using an
extruder in an injection motdingp ggess: th,oé)tai st deactivator may be added to the extruder neat
or in a liquid carrier. 30Exa,|§1ple K ¥ 2o grafivedixample H These examples use the same
starting polymer and prdce@uyes @5 [desef = it Examples G, H, |, J & Comparative Examples E, F,
G. The melt blending arfay%iséd is thal shownlin|Table 10. Following the end of
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5the 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 cryogeymeadidespss a 3 mm screen. The residual or free AA samplerwasephiiagen until its
measurement by headspace GC per ASTM # F2013-00. 10 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

K, the P:Ti mole ratio ugng\}&‘%}?&%dﬁ%é’éﬂ? ?ﬁﬁ%oﬁﬁyﬂgp%g?ﬁyigﬁez%m% i P:Ti of

1; however, it was difficult to a e very 15small amou osp achieve
P:Ti mole ratio of 1 ¢R themglestatio, etBdoidl)yagided tia awatahishdeqstivsppioriidiedtte used in this

example. 1 AVG b* Qs imfcaf@ab it 4 86% reduction in the amount of AA generated in a

5 Tinius Olsen extrusion plastometer at 295°C for 5 min, relative to the
cases where no catalyst deactivator was added. There is also an
improvement in the polyester color upon addition of the catalyst
deactivator, particularly, in terms of less yellow color or lower b*. A
variety of catalyst deactivators were used in Table 11, including

10 phosphoric acid (H3PO4), polyphosphoric acid (PPA), and phosphorous
acid (H3PO3).

Melt blending catalyst deactivators into previously isolated polymer

was an effective means of lowering AA generation. Part or all of the

15 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

20 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

25 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.

30 Example K & Comparative Example H
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AVG L*99L 999L (wdd) 2/26Z NI3BOW 4091. ZE'9 ZE'VZ 3933 (wdd) - NJ W 69t 1211- 6L’
-MAPolleN Aqi

WO 2008/150350 PCT/US2008/006163

These examples use the same starting polymer and procedures as
described in Examples G, H, |, J & Comparative Examples E, F, G. The
melt blending array used is that shown in Table 10. Following the end of

5 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.

10
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 K,
the P:Ti mole ratio using the XRF 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.
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9UOU I; Example Y H tlwoo zon | 31.-e0 | Per Table 12, melt blending a catalyst deactivator into
previously isolated Ti-catalyzed PET, made without any phosphorus compound added, results in a
large drop iRyigsieakessiee AA in the solid polyester 5particles, as well asgcgigRhHdd@eneration
rate like that seen for Examples G, H, | & J. What We Claim Is: 1.A method for the production of solid
polyester polymer particles comprising: a) polycondensing a molten polyester polymer
composition in the presence of a polycondensation catalyst composition comprising titanium species;
b) adding a catalyst deactivRer Eabled)drielttdemditenspobtabist gesctieattorimiogiieniously  c)
after reaching an It.\, of .0, ig.0 ng[.e solidifying the molt lyester polymer composition
into solid polyester p'gé)/'r%?egrgsglft?(g%s%ﬁ%rh 0 hmaco%%%ﬁggadgaya8§%$%§ %g@%%‘é%@s; and
added, results in a large drop in residual or free AA in the solid polyester

5 particles, as well as a drop in AA generation rate like that seen for
Examples G, H, | & J.
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d) reducing the amount of residual acetaldehyde in the solid particles to a level of about 10 ppm or
less in the solid state without increasing the It.V. of the particles by more than about 0.03 dig in the
solid state to form solid polyester polymer particles comprising from 5 to 10 ppm titanium and from 12
to 25 ppm phosphorus; wherein the catalyst deactivator compound is added to the molten polyester
polymer composition in step b) at one or more of the following points: () within a final reactor for
polycondensing the molten polyester polymer or between said final reactor and before a cutter for
cutting the molte ster olymer composition into said solid particles; or (ii) after the 1t.V. of
the molten g‘j@h‘ﬂé composition has risen to at least 0.5 dL/g; or (Hi) vacuum applied to
the molten polyester polymer melt, if any, is at Ieast partially released; or (iv) following at least 75%
of the polycondensftlon tA’n n 0.1 %% étv ob alne nrq;on SO|tIdl|flcatI0n or (vi)
within 30 minutes béfore sorlnt? %lng ffie (—9[0 herdinthe’ I?&y e&ensPng CaREdOMw in the absence
of antimonyco@prisengiethod of claim 1, Whereln the catalyst deactivator and polycondensation

catalyst are present in a ngrﬁ}&%r% éﬂﬁe{ﬁ@s% n3po S<iRp n%{;@mg‘ﬁs\{m rmr}ﬁge catalyst

deactivator is at least one ber se romt e group consisting o osphoric acid, a
phosphorouBraskiGe pfre plebisisitnsaivacatalgelnonasesitiaa eeftprisinthttandthvd of claim 2,
wherein soligipggggster polymer particles comprising from 12 to 18 ppm phosphorus.

b) adding a catalyst deactivator compound to the molten polyester
polymer composition;

c) after reaching an It.V. of about 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

d) reducing the amount of residual acetaldehyde in the solid
particles to a level of about 10 ppm or less in the solid state without increasing
the It.V. of the particles by more than about 0.03 dL/g in the solid state to form
solid polyester polymer particles comprising from 5 to 10 ppm titanium and from
12 to 25 ppm phosphorus;

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

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 has

risen to at least 0.5 dL/g; or

(iif) 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; or

(vi) within 30 minutes before solidifying the melt,

wherein the polycondensing is carried out in the absence of antimony.
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2. The method of claim 1, wherein the catalyst deactivator and

polycondensation catalyst are present in a P:Ti ratio of at least 1.2:1.
3. The method of claim 2, wherein the catalyst deactivator is at least one
member selected from the group consisting of a phosphoric acid, a

phosphorous acid, a pyrophosphoric acid and a polyphosphoric acid.

4. The method of claim 2, wherein solid polyester polymer particles

comprising from 12 to 18 ppm phosphorus.
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